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August 25,1986 

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 Oak Creek watershed. The study was under- 
taken by the Regional Planning Commission in response to  a formal request received from the Milwaukee 
Metropolitan Sewerage District. The conduct of the study was guided by the Oak Creek Watershed Com- 
mittee, a Committee of 1 3  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, fishery development, 
and related land use plan elements; and presents a recommended comprehensive plan for the development 
of the watershed, including navigation improvements at the mouth of Oak Creek on the Lake Michigan 
shore. 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 recommended plan set forth herein will result in resolution of the costly and disruptive flooding, 
sandbar formation and navigation channel blockage, and water pollution problems of the Oak Creek water- 
shed, will avoid the creation of new problems of this sort within the watershed, and will restore a more 
balanced warmwater and seasonal coldwater fishery within the watershed. 

As is true of all of the Commission's plans, the Oak Creek 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 Oak Creek watershed plan. 

Respectfully submitted, 

q* Anthony F. Balestrieri 

Chairman 
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Chapter I 

INTRODUCTION 

The Oak Creek watershed study is the seventh 
comprehensive 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 Oak Creek watershed 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 is also 
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 any one 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 pri- 
vate 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 largest 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 development of 
southeastern Wisconsin. The role of the Commis- 
sion is entirely advisory, and participation by local 
units of government in the work of the Commis- 
sion 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 mem- 
ber 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 accom- 
plishing its objectives, and is authorized to deal 
directly with the state and federal governments for 
this purpose. The organizational structure 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 engineer- 
ing data on a uniform, areawide basis so 
that, using such data, the various levels and 
agencies of government and private inves- 
tors operating within the Region can better 
make decisions concerning community 
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 pro- 
grams are intended to be carried out within 
the context of a continuing planning pro- 
gram which provides for the periodic reevalu- 
ation 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 Wisconsip planning region, as 
shown on Map I, is composed of Kenosha, Mil- 
waukee, Ozaukee, Racine, Walworth, Washington, 
and Waukesha Counties. Exclusive of Lake Michi- 
gan, these seven counties have a totalarea of 2,689 
square miles, and together comprise about 5 per- 
cent of the total area of the State. About 37 per- 
cent 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 37 percent of all the tangible wealth 
in the State as measured by equalized valuation, 
and represents the greatest wealth-producing area 
of the State, with about 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. 

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 transportation net- 
work. It is bounded on the south by the rapidly 
expanding northeastern Illinois metropolitan 
region and on the west and north by the fertile 
agricultural lands and desirable recreational areas 
of the rest of the State. Many of the most impor- 
tant 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 Oak Creek 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 briefly review 
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 
Oak Creek watershed planning program. 



The Oak Creek watershed is an Integral part of the highly urbanized revencounn, huthemern Wisconsin Region. This Region, while comprir- 
lna onlv 5 Dercent of tne total area of the State. cantalnr about 37 percent of the State's population, provides employment for about 39 Per. - .  
cent of the Stete'o labor force, and contains approximately 37 percent of the tangible weal* of the State. The Oak Creek watershed is the 
third rmellest of the 11 major watersheds located wholly or partly within the Region. About 2.2 percent of the 1980 popul~tlon of the Region 
resides within this urbanizing watershed, which comprises only about 1 .O percent of the area of the Region. 

Source: SEWRPC. 
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Furthermore, water control facility recommenda- 
tions contained within the Oak Creek 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 Oak Creek watershed plan- 
ning 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 
include 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 frame- 
work 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 sani- 
tary sewerage system planning program, completed 
in 1974; a regional housing planning program, com- 
pleted 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 transportation planning pro- 
gram for the elderly and handicapped, completed 
in 1978; and a regional air quality maintenance 
planning program, completed in 1980. In addition, 
watershed planning programs were completed for 
the Root, Fox, Milwaukee, Menomonee, Kinnickin- 
nic, and Pike River watersheds; jurisdictional 
highway system planning programs for all seven 
constituent counties were completed; and transit 
development planning programs were completed 
for the Kenosha and Racine urbanized areas. The 
Commission has also completed more detailed 
urban development plans for certain subareas of 
the Region, including the Kenosha and Racine 
Planning 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 
Oak Creek 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 compre- 
hensive 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 recommendations 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 pollu- 
tion from point sources; 3) an element addressing 
elimination of 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 designation of wastewater treatment 
and water quality management agencies. The find- 
ings and recommendations of the areawide water 
quality management plan are set forth in SEWRPC 
Planning Report No. 29, A Regional Wastewater 
Sludge Management Plan for Southeastern Wis- 
consin, and SEWRPC Planning Report No. 30, 
 regional Water Quality Management Plan for 



Southeastern Wisconsin: 2000. This plan was 
adopted by the Commission 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. Envi- 
ronmental Protection Agency on December 3, 
1979. Progress toward implementation of the plan 
is documented in the Commission's annual reports. 

THE OAK CREEK WATERSHED STUDY 

The Oak Creek watershed study is the seventh 
comprehensive watershed planning program to be 
undertaken by the Commission. The watershed 
encompasses approximately 27 square miles, or 
1.0 percent of the seven-county planning area, and 
about 2.2 percent of the population of the South- 
eastern Wisconsin Region resides within the water- 
shed. 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. 

Milwaukee Metropolitan Sewerage District 
The Milwaukee Metropolitan Sewerage District is 
a special-purpose unit of government governed by 
a commission. Geographically, the Milwaukee 
Metropolitan Sewerage District includes all of 
Milwaukee County except the City of South Mil- 
waukee. The primary responsibility of the District 
is to provide for adequate collection and transmis- 
sion of domestic, industrial, and other sanitary 
sewage to and into the intercepting sewer system, 
and the treatment of the sewage. The District, 
which exists pursuant to the provisions of Sec- 
tion 66.88 et sec. of the Wisconsin Statutes (Chap- 
ter 282, Laws of 1982), has the authority to 
improve any watercourse within the County by 
deepening, widening, or otherwise changing the 
watercourse as may be necessary to carry off 
surface waters or drainage waters. Accordingly, the 
District will be an important agency in the imple- 
mentation of any recommended flood control 
measures within the Oak Creek watershed, since 
the Oak Creek watershed is located entirely in 
Milwaukee County. 

Initiation of the Oak Creek Watershed Study 
On April 6, 1979, the Milwaukee Metropolitan 
Sewerage District formally requested the South- 
eastern Wisconsin Regional Planning Commission 
(SEWRPC) to investigate the need for a compre- 
hensive study of the Oak Creek watershed* study 
looking to the ultimate resolution of the flooding, 

water pollution, and related problems existing 
within that watershed and affecting the property 
and general welfare of its residents. This request 
recognized that these problems can best be resolved 
within the context of a cooperative, long-range, 
comprehensive watershed planning effort, involving 
all of the units and agencies of government con- 
cerned. Accordingly, on June 7, 1979, the Com- 
mission acted to create the Oak Creek Watershed 
Committee, comprised of 12 public officials and 
citizen leaders from within the watershed, and 
charged that Committee with assisting the Com- 
mission in its study of the water-related problems 
of the watershed. 

The Oak Creek Watershed Committee held its 
organizational meeting on September 24, 1979, 
and commenced immedihtely to prepare a pros- 
pectus for the required comprehensive watershed 
planning program.' The membership of the Oak 
Creek Watershed Committee is listed in Appen- 
dix 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, stormwater 
drainage, and attendant damages; 2) water pollu- 
tion; 3) changing land use, as related to flooding 
and stormwater 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 Comrnit- 
tee completed the prospectus on October 22, 
1979, and urged that the Southeastern Wisconsin 
Regional Planning Commission approve the pros- 
pectus and seek the funding necessary to perform 
the required study. 

The prospectus prepared by the Committee was 
endorsed by the Commission on March 6, 1980, 
was published, and, in accordance with the advi- 
sory role of the Commission, was transmitted 
on February 15, 1980, to the governmental agen- 
cies concerned for their consideration and action. 
A formal agreement governing the conduct of the 
study was entered into between the Milwaukee 
Metropolitan Sewerage District, the City of South 
Milwaukee, and the Commission on November 15, 
1982, and work on the study was initiated on 
January 3, 1983. The total study cost of $144,700 

See Oak Creek Watershed Planning Program Pros- 
~ e c t u s .  SEWRPC. December 1979. 



was, as agreed upon in the aforementioned agree- 
ment, apportioned between the Milwaukee Metro- 
politan Sewerage District and the City of South 
Milwaukee with the District contributing $142,747~ 
and South Milwaukee contributing $1,953. 

The prospectus was not a finished study design. It 
was a preliminary design prepared to obtain sup- 
port 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 began in January 1983. 

Study Objectives 
The primary objective of the Oak Creek watershed 
planning program, as set forth in the prospectus, is 
to help abate the serious water resource and water 
resource-related problems of the Oak Creek basin 
by developing a workable plan to guide the staged 
development of multi-purpose water resource facili- 
ties and related resource conservation and manage- 
ment programs for the watershed. To be effective, 
this plan must be amenable to cooperative adop- 
tion 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 water- 
shed may be abated and the full development 
potential of the watershed realized. More speci- 
fically, the objectives of the planning program 
are to: 

1. Prepare a plan for the management of flood- 
lands along the major waterways of the 

1n addition to  contributing monies directly to  the 
Oak Creek watershed study, the Milwaukee Metro- 
politan Sewerage District also provided funding in 
the amount of $84,000 for the preparation o f  one 
inch equals 100 foot scale, two-foot contour inter- 
val topographic maps based upon a monumented 
survey control network, as recommended by the 
Regional Planning Commission, o f  all that part 
of  the Oak Creek watershed lying in the City o f  
Milwaukee and a portion o f  the City of South 
Milwaukee. The necessary large-scale maps were 
already available for all of that portion o f  the 
Oak Creek watershed located within the Cities of 
Franklin, Oak Creek, and Greenfield, and for a por- 
tion o f  the watershed located within the City of 
South Milwaukee. 

Oak Creek 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 Oak Creek 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 preser- 
vation 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 urbanizing basin to the 
surface water resources. 

S~ecial Consideration for the 
Lake Michigan Estuary of Oak Creek 
The entire Oak Creek watershed, hom its head- 
water areas to its confluence with Lake Michigan, 
was included in the comprehensive watershed plan- 
ning 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 Oak Creek estuary which extends 
from the mouth of Oak Creek on the Lake Michi- 
gan shore approximately 0.3 mile to a location 
just upstream of the first Oak Creek Parkway 
bridge above the mouth of the stream, 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 Oak Creek 
stream system.3 The Oak Creek Parkway bridge was 



selected as the upstream terminus of the Lake Map 2 
Michigan estuary because reverse currents have 
been observed up to this point; and Lake Michigan THE LAKE MICHIGAN ESTUARY SUBWATERSHED 
backwater effects are minimal upstream of the FORMED BY THE CONFLUENCE WITH OAK CREEK 
bridge. The watershed study, accordingly, includes 
the estuary primarily with respect to park and 
open space planning and flood flows and stages, 
including the effects of Lake Michigan on such 
flows and stages. 

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, a consultant, and 
Commission staff, along with the designated 
responsibilities of these agencies, consultants, and 
staff in the conduct of major elements 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 Com- 
mission for watershed planning is the Oak Creek 
Watershed Committee, which, as already noted, 
was established in September 1979. The purpose of 
this Committee is to actively involve governmental 
bodies, technical agencies, and private interest 
groups within the watershed in the planning study. 
The Committee is intended to assist the Commis- 
sion in determining and coordinat'mg public poli- 
cies involved in the conduct of the study and in 
the resultant plans and plan implementation pro- 
grams. Active involvement of state and federal, as 
well as of local, public officials in the watershed 
planning program through this Committee is par- 
ticularly important to any ultimate implementa- 
tion of the watershed plans in view of the advisory 
role of the Commission in shaping regional and sub- 
regional development. The Watershed Committee 
also performs an important educational function in 
familiarizing local leadership within the watershed 
with the study and its findings, in generat'mg an 
understanding of basic watershed development 
objectives and implementation procedures, and in 
encouraging plan implementation. 

Oak Creek ioins the Lake Michigan estuarv within the City of South 
Milwaukee before discharging to  Lake Michigan. The estuary 
extends approximately 0.3 mile up Oak Creek, to a location just 
upstream of the Oak Creek Parkway bridge in the City of South 
Milwaukee. It is the Commission position that, because of the 
complexity of the estuary, a water quality study of the ertuary 
should be made separately from a study of thafree.flowing partton 
of Oak Creek not affected by backwater from Lake Michigan. The 
nater~hed study, accordingly, includes the estuary primarily with 
respect to  other planning considerations ouch as park and open 
space planning and floodland management. 

Source: SEWRPC. 

The watershed planning work program has been 
conducted by the resident Commission staff, 
supplemented as needed by contractual services 
provided by a consulting engineering f ' i .  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; for- 
mulation of watershed development objectives, 
principles, and standards; conduct of certain inven- 
tories; conduct of all analyses of the inventory data 
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to identify the problems and development poten- 
tial of the watershed; synthesis and evaluation of 
alternative plan elements; and report preparation. 

The efforts of the Commission professional and 
supporting staff were supplemented with the ser- 
vices of a specialist in the area of surveying and 
mapping. A contractual agreement was executed 
with the firm of Alster-Ayers & Associates, Inc., of 
Madison, Wisconsin, for the provision of physical 
data and related vertical control servey information 
on selected hydraulic structures in the watershed. 

Scheme of Presentation 
The major findings and recommendations of the 
Oak Creek 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 
for careful, critical review of the alternative plan 
elements by public officials, agency staff person- 
nel, and citizen leaders within the watershed, and 
to provide the basis for plan adoption and imple- 
mentation by the federal, state, and local agencies 
of government concerned. 

This report can only summarize briefly the large I 

volume of information assembled in the extensive 
data collection, analysis, and forecasting phases of 
the Oak Creek 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 1 
of the basic data are on file in the Commission 
offices and are available to member units and agen- 
cies 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, 1 
and local units of government and private investors 
in making better decisions about community devel- 
opment within the Region. 



Chapter I1 

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 com- 
prehensive watershed planning program, that for 
the Root River watershed, little practical experi- 
ence had been accumulated in such comprehensive 
watershed planning, and the now widely accepted 
principles governing such planning had not been 
established. Moreover, the need to carry out com- 
prehensive watershed planning as an integral part 
of a broader regional planning effort required the 
adaptation 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 Rivers, and Oak Creek watersheds. This 
approach can only be explained in terms of the 
conceptual relationships existing between water- 
shed planning and regional planning and the basic 
principles applicable to watershed planning set 
within the framework of regional planning. Once 

this foundation of conceptual relationships and 
applicable principles has been established, the 
approach taken to identify the specific problems of 
the Oak Creek watershed and to recommend solu- 
tions to these problems, as presented herein, can 
then be properly 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 perfect 
as a water and water-related resources planning 
unit. There are many advantages, however, to 
selecting the watershed as a water and water-related 
resources planning unit because many problems of 
both rural and urban development and of natural 
resource conservation are water-oriented. 

Floodland management measures and flood control 
and stormwater 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 sewer- 
age 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 pro- 
tection must incorporate both intrawatershed and 
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 con- 
siderable 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 
solutions are to be found to intensifying interre- 
lated 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 Oak 
Creek, 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- 
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 rec- 
tangular boundaries of minor civil divisions and 
special-purpose districts. 

Important elements of the necessary comprehen- 
sive, areawide planning program have been pro- 
vided 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 areawide water 
quality management planning program. Conversely, 
within the context of the regional planning pro- 
gram, the comprehensive watershed planning 
programs provide one of the key elements of 
a comprehensive regional development plan- 
namely, a long-range plan for water-related com- 
munity facilities. While the proposed watershed 
plans may be centered on water quality and flood 
control facilities and on floodland management 
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's 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 we 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 protec- 
tion, 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 Oak Creek watershed. In such urbanizing areas, 
as opposed to more sparsely settled rural water- 
sheds, 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 height- 
ened by a major disaster or the imminent threat of 
such a disaster. In many cases, such as in the Oak 
Creek watershed, the initial concern with environ- 
mental protection is centered on such highly visible 
problems as flooding and water pollution. Even 
then, however, the magnitude and degree of the 
interrelationship 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, Kinnickinnic, and Pike River water- 
shed studies, and provide the foundation for the 
planning process applied in the Oak Creek 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, multipurpose approach to 
water resource development and to the 
control and abatement of the water-related 
problems is preferable to a single-purpose 
approach. 

3. Watershed planning must be conducted 
within the framework of a broader area- 
wide regional planning effort, and 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 
properly adjusted to ensure a pleasant and 
habitable environment. 

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

7. Primary emphasis should be placed on solu- 
tions within the watershed 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 exist- 
ing within a watershed can be accurately described, 
both graphically and numerically; the hydrologic, 
hydraulic, and water quality characteristics 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 integra- 
tion of all the complex planning and engineering 
studies required to prepare a comprehensive water- 
shed 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 inter- 
ests; a forum in which the various interests may 
better understand the interrelated problems of the 
watershed and the alternative solutions available 
for such problems; and finally, a means whereby all 

watershed interests may become committed to 
implementation of the best alternative for the ~ 
resolution of the problems. 

The seven steps involved in this planning process I 

are: 1) study design, 2) formulation of objectives 
I 

and standards, 3) inventory, 4) analysis and forecast, 
5) plan synthesis, 6) plan testing and evaluation, 
and 7 )  plan selection and adoption. Plan implemen- 1 
tation, although necessarily beyond the foregoing 
planning process, must be considered throughout 
the process if the plans are to be realized. I 
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 I 

regional development objectives. In addition, the 
process represents the beginning of a continuing 
planning effort that permits modification and 
adaptation of the plans and the means of imple- I 
mentation to changing conditions. Each step in this 
planning process includes many individual opera- 
tions which must be carefully designed, scheduled, 1 
and controlled to fit into the overall process. An 
understanding of this planning process is essential 
to an appreciation and understanding of the 1 
results. Each step in the process, together with its 
major component operations, is diagrammed in 
Figure 3 and described briefly below. I 

I 

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 geo- 
graphic 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. 

The need for, and objectives of, the Oak Creek 
watershed study were set forth in the Oak Creek 
Watershed Planning Program Prospectus prepared 
by the Oak Creek 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. 
The prospectus 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. 



Figure 3 

GENERAL STEPS I N  A COMPREHENSIVE WATERSHED PLANNING PROGRAM 
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Source: SEWRPC. 



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 con- 
sultants contributing certain specialized services 
to the Oak Creek watershed planning program, and 
with the Watershed Committee. 

Formulation of Objectives and Standards 
In its most basic sense, planning is a rational pro- 
cess 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 development 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 Oak Creek watershed plan- 
ning study to  prepare one of the key elements of 
such a physical development plan: a long-range 
plan for water-related community facilities. 

Only if the objectives are clearly relatable to phy- 
sical development 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 wellexpressed 
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 nontechnical policy determinations, all objec- 
tives and standards were carefully reviewed and 
adopted by the Oak Creek 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 workable 
development plans. Consequently, inventory grow- 
ing 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 quantity , 
of surface and groundwater, precipitation, hydrau- 
lic characteristics of the stream system, historic 
flooding, flood damages, water quality and waste- 
water sources, water use, soil capabilities, land use, I 
economic activity, population, recreation facilities, 
fish and wildlife habitat, unique natural areas, his- 
toric sites, water supply and sewerage systems and 
other public utilities, and water law. 

In the Oak Creek watershed study, the most 
expedient methods of obtaining adequate infor- 
mation of the necessary quality were followed. 
These included review of prior publications, 
perusal of agency files, personal interviews with 
private citizens and public officials, committee 
meetings of staff and technical advisors, and origi- 
nal field investigations. 

Analyses and Forecasts 
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 water- 
shed which, in turn, can be translated into future 
demands for land, other resources, and water con- 
trol 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, the 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 Oak Creek 
watershed study, the necessary forecast period was 
set as approximately 20 years, both as a very con- 
servative 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 forecast 
inaccuracies on the basic structure of the plans to 
be produced. It is important to keep the forecast 
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 wellconceived 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 to 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 Test and Evaluation 
-n the design stage of the 
planning process are to be realized in terms of 
actual land use and water control facility develop- 
ment, some measures must be applied to quanti- 
tatively test alternative plans in advance of their 
adoption and implementation. The alternative 
plans must be vigorously subjected to all the neces- 
sary levels of review and inspection, including: 
1) engineering and technical feasiblity, 2) environ- 
mental impact, 3) economic and financial feasi- 
bility, 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 Oak Creek watershed study 
develop -a land use plan representing a refinement 
of the adopted regional land use plan. This land use 
plan will be supported by various combinations of 
water control facility system plans for both flood 
control and pollution abatement, thus providing 
a number of alternative watershed development 
plans. The desirability of the recommended com- 
prehensive plan will be supported by an analysis of 
some of the consequences that may be expected 
under conditions of uncontrolled development. 

The general approach contemplated for the selec- 
tion of one plan from among alternatives is to 
proceed through the use of the Oak Creek 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 rec- 
ommend 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 rejec- 
tion of the plan by the local governmental units 
concerned, and subsequent plan implementation 
by public and private action. Therefore, plan selec- 

tion and adoption must be founded in the active 
involvement of the various governmental bodies, 
technical agencies, and private interest groups con- 
cerned with development in the watershed. 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 agree- 
ment among the affected governmental bodies and 
agencies on objectives and on a final watershed 
plan which can be cooperatively adopted and 
jointly implemented. 



Chapter I11 

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 
Oak Creek watershed, thereby establishing a 
factual base upon which the watershed planning 
process may proceed. This description of the 
watershed is presented 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 

boundaries to the Region as a whole. The second 
section describes the demograbhic and economic 
base of the watershed in terms of population size, 
distribution, and composition and in terms of 
commercial and industrial activity and employ- 
ment levels and distribution. The third section 
describes the pattern of land use in the watershed 
in terms of both historical development and 
existing (1980) conditions. The fourth and fifth 
sections describe the public utility and transporta- 
tion facility systems within the watershed. A final 
section summarizes the information presented in 
these five sections. 

Regional Setting of Watershed 
and Political Boundaries 
The Oak Creek watershed, as shown on Map 3, is a 
27.24-square-mile surface hater drainage basin that 
discharges to  Lake Michigan in the City of South 
Milwaukee. In 1980, a 0.76-square-mile area was 
diverted from the direct Lake Michigan drainage 
basin to the Oak Creek drainage basin, the area 
diverted being shown on Map 3. This interbasin 
diversion increased the area of the Oak Creek 

The man-made features of a watershed include its drainage basin by 2.9 percent. The Oak Creek acts 

political boundaries, land use pattern, public utility as an estuary of Lake Michigan from its mouth to 

network, and transportation system. Together with the first Oak Creek Parkway bridge, a distance of 

the population residing in and the economic about 0.3 mile. The Oak Creek watershed is the 

activities taking place within the watershed, these third smallest of the 11 major natural watersheds 

features may be thought of as the socioeconomic located wholly or partly within the Region. It 

base of the watershed. A description of this base is comprises only about 1 percent of the total area of 

essential to sound watershed planning, for any the Southeastern Wisconsin Region. 

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 
economic 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 per- 
spective as a rational planning unit within a re- 
gional setting by delineating its internal political 
and governmental boundaries and relating these 

As shown on Map 3 and described in Table 1, the 
source of Oak Creek which, as a perennial stream, 
has a length of about 13.1 miles, is in Section 24, 
Town 5 North, Range 21 East in the City of 
Franklin. From its source near the intersection of 
Sherwood Drive and Southland Drive, the creek 
flows southerly for approximately 0.5 mile to just 
south of Ryan Road and thence easterly for 
approximately 4.4 miles to a point east of Shepard 
Avenue. The creek then flows northerly for 
approximately 5.2 miles to 15th Avenue and the 
Oak Creek Parkway, and then finally flows south- 
easterly for about 3.0 miles to  its confluence with 
Lake Michigan. 



Map 3 

CIVIL DIVISIONS IN THE OAK CREEK WATERSHED 

I 
- ,- -- 

The Oak Creek watershed i s  a 27.24.rquare-mile natural surface water drainage basin located within Milwaukee County and containing parts 

I 
of fivecities. The watershed is bounded on the north by the Kinnickinnic River watershed, on the west and south by the Root River watershed, 
and on the east by areas directly tributary to Lake Michigan. Serious flooding problems exisf within the watershed. Sound resolution of these 
problems requires a comprehensive study of the entire basin. 

I 
Source: SEWRPC. 
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I 
I 



Table 1 

STREAMS SELECTED FOR DEVELOPMENT OF FLOOD STAGE PROFILES I N  THE OAK CREEK WATERSHED 

a Total perennial and intermittent stream lengths determined from SEWRPC large-scale 

Source: SEWRPC. 

The North Branch of Oak Creek which, as a 
perennial stream, has a length of about 5.8 miles, 
has its origin in Section 31, Town 6 North, Range 
22 East in the City of Milwaukee just south of 
the IH 94 Mitchell Field Airport Spur Freeway 
interchange. From this origin, the stream flows 
southerly to its confluence with Oak Creek north 
of Ryan Road between 13th Street and Howell 
Avenue. 

Commun~ty or 
Communit~es 

in Which Stream 
is Located 

Cities of Franklin, 
Oak Creek, and 
South Milwaukee 

Cities of 
Milwaukee 
and Oak Creek 

Citiesof 
Milwaukee 
and Oak Creek 

Cities of Franklin 
and Oak Creek 

City of Oak Creek 

City of Franklin 

The third perennial stream in the Oak Creek water- 
shed is the Mitchell Field drainage ditch which, as a 
perennial stream, has a length of about 2.4 miles. 
From its source east of the Mitchell Field north- 
south runway in Section 33, Town 6 North, Range 
22 East in the City of Milwaukee the stream flows 
southerly to its confluence with Oak Creek north 
of Drexel Avenue. 

Stream Name 

Oak Creek 

North Branch 
of Oak Creek 

Mitchell Field 
Drainage 
Ditch 

Southland 
Creek 

Tributary to 
Southland 
Creek 

Tributary to 
Upper Oak 
Creek 

In addition to the three perennial streams 
described herein, the stream system of the water- 
shed includes a number of minor, intermittent 
watercourses. Information on these intermittent 
streams, as well as on the perennial streams, is 
provided in Table 1. The streams are shown on 
Map 3. The stream reaches for which detailed flood 
hazard data were developed are described in 
Chapter V. 

Stream ~ e n g t h ~  (miles) 

topographic maps and U. S. Geological Survey quadrangle maps. 

Tributary To 

Lake Michigan 

Oak Creek 

Oak Creek 

North Branch 
of Oak Creek 

Southland 
Creek 

Oak Creek 

Civil Divisions: Superimposed on the irregular 
watershed boundaries is a pattern of local political 
boundaries. As shown on Map 3, the watershed lies 
entirely within Milwaukee County and in parts of 
six cities. None of the minor civil divisions lie 
entirely within the watershed boundaries. The 
portions of the watershed lying within each of the 
six minor civil divisions are listed in Table 2. 
Geographic boundaries of the civil divisions are an 
important factor which must be considered in any 
areawide planning effort, like the Oak Creek 
watershed planning program, since the civil divi- 
sions form the basic foundation of the decision- 
making framework within which intergovern- 
mental, environmental, and developmental prob- 
lems must be addressed. 

Special-Purpose Units of Government: The Milwau- 
kee Metropolitan Sewerage District is a special pur- 
pose areawide unit of government having impor- 
tant responsibilities for the provision of sanitary 
sewer service and sewage treatment and for water 
pollution control and authorization for flood 
control throughout most of the watershed. The 
District provides sanitary sewer service to all the 
cities within the watershed except the City of 
South Milwaukee, which has its own sanitary 
sewerage system managed under the direction of 

Combined Intermittent 
Upstream Limit of Stream 

Designation by 
U. S. Public Land Survey 

Studied 

13.82 

5.82 

3.31 

1.77 

0.73 

0.55 

Perennial 

' Studied 

0.75 

0.0 

0.90 

1.77 

0.73 

0.55 

Intermittent 

T5N. R21 E 
SW% Section 13 

T6N. R22E 
NW% Section 31 

T6N. R22E 
NW% Section 32 

T5N. R21E 
SEX Section 13 

T5N. R22E 
SW% Section 18 

T5N. R21 E 
SW% Section 13 

Studied 

13.07 

5.82 

2.41 

-- 

-- 

-- 

Perennial 

T5N. R21 E 
SW% Section 24 

T6N. R22E 
NE% Section 31 

T6N. R22E 
SEX Section 33 

Not 
Studied 

0.25 

0.56 

0.57 

0.24 

0.50 

0.26 

Not 
Studied 

0.25 

0.56 

0.57 

0.24 

0.50 

0.26 

Total 

14.07 

6.38 

3.88 

2.01 

1.23 

0.81 

Not 
Studied 

0.0 

0.0 

0.0 

Total 

1 .OO 

0.56 

1.47 

2.01 

1.23 

0.81 

Total 

13.07 

5.82 

2.41 

-- 

-- 

-- 



Table 2 

AREAL EXTENT OF CIVIL DIVISIONS IN 'THE OAK CREEK WATERSHED: 1983 

a 
Area within Milwaukee County is 96.63 square miles. 

County or 
Civil Division 

Milwaukee County 
City 

. . . . . . .  Cudahy 
Franklin . . . . . .  
Greenfield . . . . .  
Milwaukee. . . . .  
Oak Creek . . . . .  
South 

Milwaukee. . . .  

Total 

The areas in this table were determined by map delineation and measurement. Some data used in this report have been 
determined by approximating the watershed boundary by U. S. Public Land Survey quarter section and summing the quarter 
section totals. The actual measured watershed total is 27.24 square miles, or 77,436 acres. The watershed area as approxi- 
mated by 7 7 7 quarter sections is 27.74 square miles, or 77,753 acres. The areas in this table differ somewhat from those set 
forth in Table 3 of the Oak Creek Watershed Planning Program Prospectus. The differences reflect a refined delineation of the 
watershed boundaries made possible by the availability of  large-scale topographic mapping and stormwater drainage maps. 

Source: SEWRPC. 

the City of South Milwaukee Sewerage Commis- 
sion. The District also has water pollution abate- 
ment, drainage, and flood control responsibilities. 
The Metropolitan Sewerage District, with its 
service area encompassing approximately 88 
percent of the Oak Creek watershed, is a particu- 
larly important agency in the Oak Creek watershed 
planning program because it provides an institu- 
tional structure for resolving not only areawide 
surface water pollution problems but also drainage 
and flood control problems. 

Total County 
or Civil 

Division Area 
(square miles) 

242.66 

4.74 
34.69 
1 1.63 
96.65a 
28.41 

4.85 

-- 

Other Agencies Having Resource Management 
Responsibilities: Superimposed upon these local 
and special-purpose units of government are those 
state and federal governments having important 
responsibilities for resource conservation and 
management. These include the Wisconsin Depart- 
ment of Natural Resources; the University of 

Wisconsin-Extension; the State Board of Soil and 
Water Conservation Districts; the U. S. Department 
of the Interior, Geological Survey; the U. S. 
Environmental Protection Agency; the U. S. 
Department of Agriculture, Soil Conservation 
Service; and the U. S. Army Corps of Engineers. 

County or Civil 
Division Area 

Included Within 
Watershed 

(square miles) 

27.24 

0.99 
2.54 
0.22 
2.86 

17.39 

3.24 

27.24b 

Demographic and Economic Base 
An understanding of the size, characteristics, and 
spatial distribution of the population is basic to 
any watershed planning effort because of the direct 
relationships which exist between population levels 
and the demand for land, water, and other impor- 
tant elements of the natural resource base, as well 
as the demand for various kinds of transportation, 
utility, and community facilities and services. The 
size and other characteristics of the population of 
an area are greatly influenced by growth and other 
changes in economic activity. Population features 

Percent of 
County or Civil 
Division Area 

Within 
Watershed 

11.2 

20.9 
7.3 
1.9 
3.0 

61.2 

66.8 

-- 

Percent of 
Watershed Area 
Within County 

or 
Civil Division 

100.0 

3.6 
9.3 
0.8 

10.5 
63.9 

11.9 

100.0 



and economic activity must, therefore, be con- 
sidered together. It is important to note, however, 
that because the Oak Creek watershed is an integral 
part of the urbanizing Milwaukee metropolitan 
area, 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 purposes 
must relate the economic activity within the 
watershed to the economy of the Milwaukee 
metropolitan area and the urbanizing Southeastern 
Wisconsin Region. Similarly, the size and other 
characteristics and distribution of the population 
residing within the watershed must be viewed in 
relation to  similar characteristics of the population 
within the Milwaukee metropolitan area and within 
the Region. 

Demographic Base: For comprehensive watershed 
planning purposes, a demographic inventory should 
include consideration of population size, distribu- 
tion, and composition. 

Population Size: The 1980 resident population of 
the watershed was estimated at 39,700 persons, or 
about 4 percent of the population of Milwaukee 
County and about 2 percent of the population of 
the Region. As shown in Table 3 and Figure 4, the 
population of the watershed increased by 44 
percent beween 1960 and 1970. During this same 
period, Milwaukee County experienced only a 2 
percent increase, while the Region experienced a 

12 percent increase. Between 1970 and 1980, the 
populations of the watershed and the Region 
increased by 9 percent and 1 percent, respectively, 
while the population of Milwaukee County 
decreased by 8 percent. The proportion of the 
total regional population which resides in the 
watershed increased from 1.6 percent in 1960 to 
2.2 percent in 1980. The higher population growth 
rate of the watershed reflects the redistribution of 
population which has been occurring within the 
Region for many years. The Oak Creek watershed 
still contains substantial areas of rural lands, and, 
being located in the Milwaukee urbanized area, is 
subject to  rapid urbanization. The public pref- 
erence evidenced in the recent past for low-density 
residential development and the concomitant 
diffusion of urban development outward from the 
older metropolitan centers has resulted in high 
rates of population growth in areas contiguous to  
cities such as Milwaukee. 

Population Distribution: The 1960, 1970, and 
1980 resident population of the watershed is 
presented in   able h by civil division. The City of 
Oak Creek portion of the watershed, which com- 
prises 64 percent by area of the Oak Creek water- 
shed, experienced the largest increase in population 
from 1960 to 1980, with a gain of almost 6,000 
persons. The proportion of the total resident 
population of the watershed located in the City of 
Oak Creek also increased- from about 28 percent 
in 1960 to about 33 percent in 1980. The portions 

Table 3 

POPULATION IN  THE OAK CREEK WATERSHED, MILWAUKEE 
COUNTY, AND THE REGION: SELECTED YEARS 1960-1980 

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

Watershed 
Population 
As Percent 
of Regional 
Population 

1 .6 
2.1 
2.2 

Year 

1960 
1970 
1980 

Population 

Southeastern 
Wisconsin Region 

Oak Creek 
Watershed 

Number 

1,573,620 
1,756,083 
1,764,919 

Milwaukee 
County 

Number 

25,431 
36,498 
39,716 

Percent Change 
During 

Preceding Period 

-- 
12 
1 

Number 

1,036,047 
1,054,249 
964,988 

Percent Change 
During 

Preceding Period 

-- 

44 
9 

Percent Change 
During 

Preceding Period 

-- 
2 
-8 



Figure 4 

POPULATION OF THE OAK CREEK WATERSHED, 
MILWAUKEE COUNTY, AND THE REGION: 

SELECTED YEARS 1900-1980 

1900 1910 1920 1930 1940 1950 1960 1970 1980 
YEAR 

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

of the Cities of Milwaukee and South Milwaukee 
within the watershed showed decreases both in 
population and in their proportion of the total 
resident population of the watershed from 1970 to 
1980. The populations of those portions of the 
Cities of Franklin and Greenfield within the 
watershed increased by more than 1,000 persons 
between 1960 and 1980, with slight increases in 
their proportions of the total watershed popula- 
tion. While the population of the watershed within 
the City of Cudahy increased significantly from 
1970 to 1980, along with its proportion of the 
total watershed population, this may be attributed 

primarily to the additional land area of the City 
included in the 1980 watershed boundary because 
of stormwater drainage system changes in Cudahy. 
As already noted, between 1970 and 1980, 0.76 
square mile of area in the City of Cudahy was 
diverted from the direct Lake Michigan drainage 
basin to the Oak Creek drainage basin. 

As shown on Map 4, in 1980 most of the Oak 
Creek watershed had a density of fewer than 400 
persons per gross square mile, reflecting the still 
predominantly rural character of the watershed. 
Only a small portion of the watershed in 1980 
exhibited a population density in excess of 4,500 
persons. These higher density areas included parts 
of the Cities of Cudahy, Greenfield, Milwaukee, 
and South Milwaukee. 

From 1960 to  1980, the overall population density 
of the watershed increased by about 57 percent -- 
from about 930 to about 1,460 persons per square 
mile. Table 5 presents the overall 1980 watershed 
population density, together with the population 
density of those portions of the various minor 
civil divisions within the watershed and the pro- 
portion of the watershed population residing in 
these civil divisions. 

Population Composition: In 1980 the median age 
of the resident population of the watershed was 
29.4 years, while the median age of the resident 
population of Milwaukee County was about 30.0 
years, and of the Region as a whole about 29.7 
years. This differential reflects the still primarily 
rural nature of the watershed, for slightly younger 
age distributions are normally found in rural-urban 
fringe and rural areas. The average household size 
in the watershed in 1980 was 2.92 persons, while 
the average household size in Milwaukee County 
was 2.59 persons, and in the Region as a whole, 
2.75 persons. This again reflects the primarily rural 
character of the watershed, for larger household 
sizes are normally more prevalent in rural and 
rural-urban fringe areas. In 1980, the average 
annual income for households within the water- 
shed was estimated at $23,850, somewhat higher 
than the Milwaukee County average of $20,824, 
and the regional average of $22,756. 

Economic Base: The Oak Creek watershed is 
located within the Milwaukee urbanized area and 
very near the Racine urbanized area. As such, its 
economic base cannot be differentiated in any 
meaningful way from that of the greater Milwau- 
kee and Racine areas. The resident population of 
the watershed can readily commute to jobs located 



Table 4 

POPULATION I N  THE OAK CREEK WATERSHED BY CIVIL DIVISION: 1960,1970, and 1980 

a The civil divisions in the watershed and the boundaries of these civil divisions have changed over time because of incor- 
porations and annexations. 

Watershed boundary updated using large-scale topographic maps and storm water drainage maps. 

Civil 
~ i v i s i o n ~  

City 
Cudahy . . . . 
Franklin . . . 
Greenfield . . 
Milwaukee . . 
Oak Creek . . 
South 

Milwaukee. 

Total 

Negligible. 

Source: SEWRPC. 

1 980b 

outside the watershed, while other residents in the 
greater Milwaukee 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 examining the 
size and character of economic activities in the 
basin. 

Population 

2,412 
2,857 
1,461 
5,081 

13,015 

14,890 

39,7 16 

Figure 5 shows the relative concentration of jobs 
by eight major industrial categories in 1980 for the 
Oak Creek watershed, Milwaukee County, and the 
Region. Employment within the watershed in the 
eight major categories, estimated at 20,000 jobs, is 
concentrated in four major industry categories. 
Manufacturing provided the largest number of jobs, 
about 10,600, or about 53 percent of the total 
employment. Wholesale and retail trade, govern- 
ment services and education, and private services 
provided the next largest numbers of jobs, with 
about 19, 11, and 9 percent of the total, respec- 
tively. The other four major industry groups 
each provided 3 percent or less of the total jobs in 
the watershed. About 70 jobs, or less than 1 
percent of the total, were provided by agriculture. 

Percent of 
Watershed 
Population 

6 
7 
4 

13 
33 

37 

100 

1960 

The relative concentration of jobs within manu- 
facturing is presented in Figure 6 for the Oak 
Creek watershed, Milwaukee County, and the 
Region. The majority of manufacturing jobs are in 
the nonelectrical machinery category, which 
provided about 32 percent of all manufacturing 
employment within the watershed. The manu- 
facture of electrical equipment and transportation 
equipment provided about 26 and 20 percent, 
respectively, of total manufacturing employment; 
other types of manufacturing each accounted for 7 
percent or less of the total. 

Population 

2 2 
1,598 

394 
2,285 
7,067 

14,065 

25,431 

1970 

Land Use 
An important concept underlying the watershed 
planning effort is that land use development must 
be adjusted to 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 
correlated directly with the quantity and type of 
land use, as can water quality deterioration. The 
existing land use pattern can best be understood 
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Map 4 

GROSS POPULATION DENSITY IN THE OAK CREEK WATERSHED: 1980 

LEGEND 

The 1980 resident population of the Oak Creek watershed i s  estimated at 39.700 Persons. Gross Population densities within the watershed 
range from fewer than 400 persons per square mile in the still rural areas of the watershed to more than 4,500 persons per square mile in the I 

urbanized areas. From 1960 to 1980, the overall population density of the watershed increased from about 930 to about 1,460 persons per 
square mile, an increase of about 530 persons per square mile, or about 57 percent. 

Source: SEWRPC. I 



Table 5 

TOTAL POPULATION AND POPULATION DENSITY IN THE OAK CREEK WATERSHED: 1980 

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

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. 

Average Gross 
Population 

Density 
Per 

Square Mile 

2,436 
1,125 
6,641 
1,776 
748 

4,596 

1,458 

Historical Development: ' The first European 
settlers came to  the watershed in 1835 by way of 
the military road that ran between Fort Dearborn 
at Chicago and Fort Howard at Green Bay. The 
settlement of what is now the City of South 
Milwaukee dates back to that year when Elihu 
Higgins of Massachusetts settled there, John Fowle, 
another early settler, spurred the development of 
the area by opening a tavern and stage station on 
the route between Chicago and Milwaukee. Oak 
Creek was designated a township in 1841 and held 
its first town meeting in 1842. The census of 1840 
reported a population of 2,660 for the Town, of 
which South Milwaukee was then a part. 

In addition to South Milwaukee, two unincor- 
porated villages developed in the Town of Oak 
Creek: Carrolville on Lake Michigan and Oakwood 
on Oakwood Road between Howell Avenue and 

Area l ncluded 
in Watershed 
(square miles) 

0.99 
2.54 
0.22 
2.86 
17.39 

3.24 

27.24 

Percent of 
Watershed 
Population 

6.1 
7.2 
3.6 
12.8 
32.8 

37.5 

100.0 

Civil Division 

City 
Cudahy . . . . . 
Franklin . . . . 
Greenfield . . . 
Milwaukee . . . 
OakCreek. .  . 
South 
Milwaukee. . . 

Total 

' In addition to  Commission inventories o f  historic 
places and events, the following reference was used 
in preparing the brief account of the historical 
development of the Oak Creek watershed: Depart- 
ment o f  Sociology of the University o f  Wisconsin- 
Milwaukee and Milwaukee Urban Observatory, 
Milwaukee Metropolitan Fact Book: 1970, 1972. 

Percent of 
Watershed Area 

Within Civil 
Division 

3.6 
9.3 
0.8 
10.5 
63.9 

11.9 

100.0 

Population 
Within 

Watershed 

2,412 
2,857 
1,461 
5,081 
13.01 5 

14,890 

39.7 16 

13th Street. Carrollville was settled by Scotch-Irish 
immigrants who established St. Matthew's Catholic 
Church in 1841. 

Oakwood was settled by German immigrants who 
established St. John's Lutheran Church at what is 
now S. 27th Street and Oakwood Road in 1843. In 
1854, the Green Bay, Milwaukee & Chicago Rail 
Road Company, predecessor of the Chicago & 
North Western Transportation Company, laid 
tracks through the eastern section of the Town and 
opened a depot in South Milwaukee in 1855. 
Industry was attracted to  the area. By the turn of 
the century, there were several factories in the 
area, including the United States Glue, the Gala- 
way Coke, and the American Tar Products Com- 
panies. In 1856, Joseph Dibley opened a brickyard 
in South Milwaukee. In 1870, a second brickyard 
was opened that was so successful a pier was built 
to ship bricks throughout the Great Lakes region. 
The Wisconsin Union Railroad Company also 
constructed railway tracks through the Town in 
1871, and was acquired in 1872 by the Milwaukee 
& St. Paul Railway Company, which eventually 
became today's Chicago, Milwaukee, St. Paul & 
Pacific Railroad Company (Milwaukee Road). 

South Milwaukee remained a small unincorporated 
community until 1890, when the South Milwaukee 
Company was formed to promote industrial and 
residential development in the area. At the time of 
its incorporation in December 1892, the Village of 
South Milwaukee had a population of 512, eight 



Figure 5 Figure 6 

DISTRIBUTION OF TOTAL  EMPLOYMENT^ 
BY MAJOR INDUSTRY GROUP FOR THE 
OAK CREEK WATERSHED. MILWAUKEE 

COUNTY, AND THE REGION: 1980 
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Source: U. S. Department of industry. Labor and Human Relations 
and SEWRPC. 

factories, and 53 businesses. Growth proceeded at 
a steady rate as German and Polish immigrants 
continued to be attracted to the area by the 
availability of work, and in 1897 a population of 
more than 1,500 permitted incorporation as a city. 
By 1900, population had increased to 3,392, and 
almost doubled to 6,072 in 1910. By 1970, the 
population had increased to a peak of 23,297, after 
which the population declined somewhat to 
21,069 in 1980. 

The earliest settlement in the Oak Creek watershed 
was the area which is now the City of South Mil- 
waukee. Settlement of this area began in 1835. As 
shown on Map 5, most of the early urbanization 
within the watershed occurred in the City of South 
Milwaukee and was generally limited to this area 
until about 1950. At that time. the urbanized area 

DISTRIBUTION OF MANUFACTURING 
EMPLOYMENT BY TYPE OF MANUFACTURING 

FOR THE OAK CREEK WATERSHED, MILWAUKEE 
COUNTY, AND THE REGION: 1980 

TYPEOF M A N U F A C T U R E  
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Source: U. S. Department of Industry, Labor and Human Relations 
and SEWRPC. 



HISTORICAL URBAN GROWTH IN  THE OAK CREEK WATERSHED: 1950-1980 
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Urban development occurred first within the watershed in the vicinity of the City of South Milwaukee, and until about 1950 remained concen- 
trated in that City. By 1963, however, urban development had occurred not only in the South Milwaukee area but in scattered small areas 
throughout the watershed, and urban land uses constituted approximately 24 percent of the total area of the watershed. By 1980, approxi- 
mately 47 percent of the total area of the watershed was in urban use. 

Source: SEWRPC. 



of the watershed totaled approximately 2.2 square 
miles, or about 8 percent of the total area of the 
watershed. By 1963, urbanization had begun to 
occur in small areas throughout the Oak Creek 
watershed and totaled approximately 6.6 square 
miles, or about 24 percent of the total area of the 
watershed. Between 1963 and 1980, approxi- 
mately 4.3 square miles of additional land were 
converted from rural to urban use within the 
watershed, bringing the total in urban use to 10.9 
square miles, or about 40 percent of the total area 
of the watershed. 

Buildings and sites of historical interest and 
archaeological sites known to be located in the 
watershed are shown on Map 6 and listed in 
Table 6.  Local historical societies in the watershed 
were contacted in an effort to identify historic 
sites of local interest. Information regarding the 
existance of archaeological sites was provided by 
the State Historical Society of Wisconsin. Of 
special interest is the Painesville Chapel, which 
is located in the City of Franklin, and the South 
Milwaukee Passenger Depot, both of which have 
been listed on the National Register of Historic 
Places. Comprehensive planning within the water- 
shed should seek the protection and restoration 
of these historic sites and structures, thereby 
preserving their inherent cultural values. 

Existing Land Use: The generalized existing land 
use pattern within the Oak Creek watershed is 
shown on Map 7 and the existing land uses are 
quantified in Table 7. Figure 7 graphically depicts 
the types and relative amounts of land uses within 
the watershed in 1963 and 1980. 

As indicated in Table 7, about 15  square miles of 
the watershed area, or 53 percent of the total area 
of the watershed, was still in rural use in 1980, 
with agriculture and related open uses occupying 
about 1 3  square miles, or about 45 percent of the 
total watershed area. In 1980, urban land uses 
occupied about 1 3  square miles, or about 47 per- 
cent of the total area of the watershed, of which 
residential land use accounted for over five square 
miles, or over 19  percent of the total watershed 
area. Also of significance is the transportation, 
communication, and utilities land use category 
which accounted for over five square miles, or 
about 19  percent of the total watershed area. From 
1963 to  1980, approximately 3.6 square miles, or 
1 3  percent of the watershed, was converted from 
rural to urban use, resulting in a rate of urbaniza- 
tion of about 0.2 square mile per year. 

Public Utility Base 
Sanitary Sewer Service: In 1980, approximately 
15.2 square miles or about 56 percent of the total 
area of the watershed, was with sanitary 
sewer service, serving a resident population of 
about 37,700 persons, or about 95 percent of the 
total resident population of the watershed, as 
shown on Map 8. 

The sanitary sewage from the Cities of Cudahy, 
Franklin, Greenfield, Milwaukee, and Oak Creek is 
collected and transmitted for treatment and 
disposal to the Jones Island and South Shore 
treatment plants, located outside the watershed on 
the shore of Lake Michigan, and owned and 
operated by the Milwaukee Metropolitan Sewerage 
District. In the future, sewer service is proposed to 
be provided to the entire developable area of these 
cities. 

The City of South Milwaukee is the only munici- 
pality in Milwaukee County which is not a part of 
the Milwaukee Metropolitan Sewerage District. 
Sewage from the City of South Milwaukee is 
treated at a municipal sewage treatment plant 
located on the Lake Michigan shoreline about one 
mile north of the South Shore sewage treatment 
plant of the Milwaukee-Metropolitan Sewerage 
Commissions. 

Water Supply Service: The Oak Creek watershed is 
served by four public water supply systems. The 
service areas of these systems-owned and operated 
by the City of Oak Creek Water and Sewer Utility, 
the Cudahy Water Department, the Milwaukee 
Water Works, and the South Milwaukee Water 
Utility-and of the one privately operated 
system-the Howell Avenue Estates Subdivision in 
the City of Oak Creek- are shown on Map 9. The 
four public water supply systems operate inde- 
pendent water supply systems. The Milwaukee 
Water Works provides retail service to  the City of 
Greenfield, while the City of Oak Creek Water and 
Sewer Utility provides retail service to  a portion of 
the City of Franklin. These four public utilities 
supply approximately 35,800 persons, or about 90 
percent of the total resident population of the 
watershed, and all four utilize Lake Michigan as 
the sole source of water supply. The privately oper- 
ated system utilizes the shallow dolomite aquifer as 
the source of supply. 

Electric Power Service and Gas Service: Electric 
Dower is available to all Dortions of the watershed, 
such power being supplied by the  isc cons in 



Map 6 

HISTORICAL AND ARCHAEOLOGICAL SITES IN THE OAK CREEK WATERSHED: 1984 
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A number of sites and buildings of historic interest such ar churches, homes, and natural areas, as well as archaeological sites, are located 
within the watershed. Preservation of the best remaining historical sites, nructurer.and archaeological rites should be given careful considers- 
tion in planning for, and development or redevelopment of, the watershed. 

Source: State Historical Society of Wisconsin, South Milwaukee Historical Socien: and SEWRPC. 



Table 6 

HISTORICAL SITES I N  THE OAK CREEK WATERSHED: 1984 

a Listed on the National Register of Historic Places. 

Identified by the South Milwaukee Historical Society. 

Source: State Historical Society of Wisconsin, South Milwaukee Historical Society, and SEWRPC. 

Site No. 

1 
2 

3 
4 
5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

16 
17 
18 

19 

20 

21 

22 

23 

Electric Power Company, which is authorized to 
operate throughout the watershed. Natural gas 
service is also available to all portions of the 
watershed. The Wisconsin Natural Gas Company is 
authorized to provide service to  the entire water- 
shed with the exception of that portion of the City 
of Milwaukee between S. 6th Street and S. 27th 
Street lying within the watershed which is served 
by the Wisconsin Gas Company. 

Transportation 
Highways: As shown on Map 10, the Oak Creek 
watershed is served by an extensive street and 
highway system. There are 250.2 miles of streets 

Township (N) 
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05 

05 

05 
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05 

05 
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05 

and highways within the watershed. Of this total, 
60.7 miles, or 24 percent, are classified as arterial 
streets and highways, and of these, 5.7 miles, or 9 
percent, consist of freeway facilities. The extensive 
street and highway system serves to provide ease of 
access to the residential, commercial, and industrial 
land uses in the watershed, thus supporting those 
land uses, and the system facilitates rapid move- 
ment through the watershed. The street and 
highway system serving the watershed is important 
to the watershed planning program because it 
could have adverse effects on surface water quality. 
For example, as discussed in Chapter VII of this 
report, rainfall- or snowmelt-induced washoff of 
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Section 
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SW % 

SW % 

SW % 
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NE % 

NE % 

NE % 
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NE % 

NW % 
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County 

Milwaukee 
Milwaukee 

Milwaukee 
Milwaukee 
Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 
Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 
Milwaukee 
Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

Milwaukee 

City. Village, 
or Town 

Franklin 
South Milwaukee 

South Milwaukee 
South Milwaukee 
South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 
South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 
South Milwaukee 
South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

South Milwaukee 

Year 
Constructed 

1851-1852 
1893 

1950 
1835 

1841 

- 
- 

1850 

1892 

1864 
1838 

1902 

1892 

1850 

1840 
1840 

1864 

1851 

1859 

1870 

1876 

Year 
Listed 

1977 
1978 

- 
- 
- 
- 

- 

- 
- 
- 

- 

- 
- 
- 

- 

- 

Site Name 

Painesville Chapel 
South Milwaukee 

Passenger Depot 
Home of Alfred Fowle 
Site of Higgins Inn 
Site of William Shaw 

Log Cabin 
Site of First School 

in Area 
Site of Postmaster 

E. D. Phillips' Home 
Site of Twin Arch 

Stone Bridge 
Home of George and Delila 
Watrons Whitmore 

Home of George and 
Marietta Rawson Hook 

St. Mark's Cemetery 
Site of Saw Mill Built by 
the Father of M. H. Howes 

Chicago & North Western 
Railway Depot 

Home of the South Milwaukee 
Historical Society, Inc. 

Home of Delos and 
Mamie Fowle 

Wooden Trestle Bridge 
The Site of Mill Dam 
Homeof John F. and 

Emily Ahrens 
Home of John and 
Sarah Fowle 

Home of Dr. Henry and 
Appolonia Wood Fowle 

Home of Horace and Ellen 
Thompson Fowle 

Site of a Brick Yard Once Run 
by John and Horace Fowle 
and Horace Wells 

Home of Jeremiah McCreedy 

Level of 
Significance 
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Map 7 

GENERALIZED EXISTING LAND USE IN THE OAK CREEK WATERSHED: 1980 
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Rural land uses within the Oak Creek watershed presently occupy about 15 square miler, or about 53 percent of the total watershed area. 
Agriculture and related open user occupy about 13 square miles, or about 45 percent of the total watershed area. Urban land user occupy 
about 13 square miles, or about 47 percent of the total watershed area, of which residential land use accounts for over five square miles, or over 
19 Percent of the total watershed area. From 1963 to 1980, approximately 3.6 square miles, or about 13 percent of the watershed, war con- 
vened from rural t o  urban use, resulting in a rate of urbanization of about 0.2 square mile per year. 

Source: SEWRPC. 
33 



Land Use Caregory 

Residential. . . . . . . 
Retail and Services . . 
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Communicafi~n. 
and utilities . . . . . 

Governmental and 
Insfifufional . . . . . 

Table 7 

LAND USE IN THE OAK CREEK WATERSHED: 1963,1970,1975, and 1980 

1963 1 1970 1 1975 I 1980 1 
Area Percent Percent Area Percent Percent Ares Percent Percent Area Percant Percent 

isquare of of Maior isquare of of Major Isusre of of Maior (square of of Major 
miled Watershad Category mile4 Watershed category miles) Watershed Category miles1 watershed category 

3.92 14.1 411 4.82 17.4 41.6 5.03 181  41.8 5.35 19.3 40.6 
0.25 0 0  2 6 0.28 1 0  2.5 0.29 1 .O 2.4 0.33 1.2 2.5 
0.45 1.6 4.7 0.59 2.1 5.1 0.68 2.4 5.7 0.77 2.8 5.8 

3.84 13.0 40.3 4.43 16.0 38.3 4.62 16.7 38.3 5.29 19.0 40.3 

0.52 1.9 5.4 0.61 2.2 5.3 0.63 2.3 5.2 0.86 2.4 5 0  
0.56 2.0 5.8 0.83 3.0 7.2 0.80 2.9 6.6 0.77 2.8 5.8 

a Thls f i~uru iapuueur~ the forai area of the wsrerrned sa determined by s~proximating the watershed boundary bv U. S. Publlc Land Survey quarferrecfioo. The acrvai 
measured wetershed total ia 27.24 square mitar. 

lands. and 
surface Watsr . . . . 

Agricultural and 
Other Open Lands. . 

Rural Toral 

Source: SEWRPC. 

Figure 7 substances from the urban land surface, including 
from street and highway pavements, may have a 

DISTRIBUTION OF URBAN AND RURAL LAND USE harmful effect on the rivers and streams of the 
IN THE OAK CREEK WATERSHED: 1963 AND 1980 watershed. 
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8.4 

57.2 
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Bus Service: The transportation needs of the 
resident population of the watershed are largely 
determined by the distribution of residential 
development in relation to centers of employment, 
shopping, and other activities in the greater Mil- 
waukee area. These transportation needs, together 
with the configuration of the watershed street and 
highway system, have resulted in the development 
of two types of bus service: urban mass transit and 
intercity bus service. Urban mass transit service 
within the watershed is provided by the Milwaukee 
County Transit System, which provides service to 
the eastern portion of the watershed. An important 
feature of urban mass transit service in the water- 
shed is the exmess commuter service. known as 14 l o  

Freeway ~ l y e i  service, provided between the 
Milwaukee central business district and the one 

0 
1980 terminal located in the suburban portion of the 

YEAR watershed: the College Avenue public transit 

GOVERNMENTAL AND 
station located in the City of Milwaukee at  IH 94 

, N S T , T ~ T ~ O ~ ~ ~  and W. College Avenue. This high-speed, nonstop 
RECREATION&L bus service is provided via the existing freeway 
hGRICULTURE AND OTMER 
OPEN L ~ N D S  system, reducing the need for commuting residents 
WOODLANDS. WETLINDS ~ N D  of the watershed to drive private automobiles into 
SURFACE WATER 

the central areas of Milwaukee County. 
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SANITARY SEWER SERVICE AREAS IN THE OAK CREEK WATERSHED: 1980 

TWO sanitary sewerage systems or portions thereof serve a total ares of 15.2 square miles within the watershed, or about 56 Percent of the 
total area of the watershed, and a total population of about 37.700 persons, or approximately 95 percent of the total resident population of 
the watershed. 

Source; SEWRPC 



Map 9 

PUBLIC AND PRIVATE WATER SUPPLY SERVICE AREA IN THE OAK CREEK WATERSHED: 1983 
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Four public water supply systems and one private system serve the urban areas of the Oak Creek watershed. The Milwaukee Water Works and 
the City of Oak Creek Water and Sewer Utility provide retail service to the City of Greenfield and a portion of the City of Franklin, respec- 
tively. The four public utilities located in the watershed utilize Lake Michigan as the sole source of water supply. 

Source: SEWRPC. 



ARTERIAL STREET AND HIGHWAY AND TRUNKLINE RAILWAY 
FACILITIES IN THE OAK CREEK WATERSHED: 1983 
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The Oak Creek watershed is served by a well-developed surface transportation system. Passenger transportation is primarily by highway, with 
goods movement by both rail and highway. Both the Chicago & North Western Railway and the Chicago, Milwaukee, St. Paul & Pacific Rail- 
road traverse the watershed in a north-south direction. 

Source: SEWRPC. 



Intercity bus service is provided through the water- 
shed by Wisconsin Coach Lines, Inc., which oper- 
ates a route connecting the central business district 
of Milwaukee with Racine and Kenosha, with stops 
in the watershed at Howell Avenue and Drexel 
Avenue, Howell Avenue and Ryan Road, and Ryan 
Road and STH 32. 

Railway Service: Railway service in the watershed 
is limited to freight hauling, except for scheduled 
Amtrak service -over <he lines of the 
Chicago, Milwaukee, St. Paul & Pacific Railroad 
Company (Milwaukee Road) between the Amtrak 
Passenger Station in Milwaukee to  the north and 
Sturtevant and Chicago to the south. The Amtrak 
Passenger Station, which is located north of the 
watershed near the confluence of the Menomonee 
and Kinnickinnic Rivers, is the only major rail 
passenger terminal within the Region. 

Extensive freight service is provided to  the water- 
shed by the Milwaukee Road and the Chicago & 
North Western Transportation Company. As shown 
on Map 10, railroad lines emanate from the lower 
Menomonee River industrial valley of the City of 
Milwaukee and traverse the Oak Creek watershed 
in northsouth directions. 

Airport: As shown on Map 10, General Mitchell 
Field, the southern portion of which lies within the 
Oak Creek watershed, is the only airport in the 
basin. More importantly, General Mitchell Field is 
the only airport providing scheduled air carrier 
service in the seven-county Planning Region, and as 
such is an important determining factor in the 
physical development of both the watershed and 
the Region. 

The development of Mitchell Field began in 1926 
when Milwaukee County transferred airport opera- 
tions to the present site of Mitchell Field, which 
was then a newly purchased 163-acre tract located 
in a rural area about six miles south of downtown 
Milwaukee. The airport was known as the Mil- 
waukee County Airport until 1941-by which time 
it had grown to 378 acres in size -when it was 
officially renamed General Mitchell Field. By 
1983, the airport had expanded to about 2,100 
acres and was served by nine major scheduled 
airlines, including Republic, United, Eastern, 
Northwest, Continental, Ozark, Midwest Express, 
Frontier, and TWA. In addition, Mitchell Field is 
served by six scheduled regional "commuter" 
airlines, including Alliance, Midstate, Mississippi 
Valley, Simmons, Air Wisconsin, and Delta Con-- 

nection. A total of 3,296,763 passengers were 
handled on 74,448 air carrier flights during 1982, 
and total aircraft operations approximated 
160,000. Of the total airport site, 810 acres, or 38 
percent, are located within the Oak Creek 
watershed. 

Future recommendations concerning the develop- 
ment of the airport and its environs are bound to  
concern residents of the watershed, since a large 
portion of the airport is contained within the 
basin. Existing airport operation problems, such as 
aircraft noise, number of operations, automobile 
and truck traffic, and airport expansion, are sure to  
be aggravated since total passenger enplanement is 
projected to increase three-fold by 1990, and 
aircraft operations about 40 percent. SEWRPC 
Planning keport No. 21, A - ~ e ~ i o n a l  Airport 
Svstem Plan for Southeastern Wisconsin. Decem- 
ber 1975, recommends that this airportz continue 
to  serve as the sole scheduled air transport facility 
in the Region through the turn of the century. 
Major improvements to the airport recommended 
in the cited plan and the subsequent airport master 
plan include major passenger terminal renovation, 
the extension of runways and acquisition of 149 
acres of additional land for clear zone protection, 
and the elimination of land use conflicts in the 
most severe noise impact areas. An airport noise 
abatement plan was adopted in 1983 by Milwaukee 
County and is currently being implemented. This 
should reduce noise impacts in large portions of 
the watershed. 

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 the 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 expendi- 
tures and destruction of nonrenewable or slowly 
renewable resources. In this age of high resource 
demand, urban expansion, and rapidly changing 
technology, it is especially important that the 
natural resource base be a primary consideration in 
any areawide planning effort, since these aspects of 



contemporary civilization make the underlying and 
sustaining resource base highly vulnerable to 
misuse and destruction. 

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, as relevant and practical, the quality 
of each component element of the natural resource 
base; and seeks to identify those elements and 
characteristics of the natural resource base which 
must be considered in the watershed planning 
process. While all these components of the natural 
resource base are described in this chapter, some 
are considered in more detail in later chapters. For 
example, this chapter provides an overview of the 
surface water resources of the watershed, while the 
findings of a detailed hydrologic-hydraulic inven- 
tory 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. 

Climate - - -- - -. . . - 
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 
continental-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 sum- 
mer high temperatures are reinforced by the warm 
southwesterly winds common during that season. 

The Region and the watershed are positioned 
astride cyclonic storm tracks along which low 
pressure centers move from the west and south- 
west. The Region and the watershed also lie in the 
path of high pressure centers moving in a generally 
southeasterly direction. This location at the 
confluence of major migratory air masses results in 
the watershed as a whole being influenced by a 
continuously changing pattern of different air 
masses, and results in frequent weather changes 
being superimposed on the large annual range in 

Unless otherwise indicated, climatic and weather 
descriptions and data presented herein are based on 
information extracted from various periodic pu bli- 
cations of the National Weather Service, U. S. 
Department o f  Commerce, formerly known as the 
Weather Bureau, U. S.  Department o f  Commerce. 

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 variations in 
temperature, type and amount of precipitation, 
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 
portions of the Oak Creek watershed in particular. 
I t  is common, for example, for midday summer 
temperatures in shoreline areas to drop abruptly to 
a temperature level lo°F lower than that of inland 
areas because of cooling lake breezes generated by 
air rising from the warmer land surfaces. However, 
this Lake Michigan temperature influence is 
generally limited to that portion of the watershed 
lying within a few miles of the shoreline. 

Map 11 and Table 8 show the location of six 
meteorological stations near the Oak Creek water- 
shed, as well as the availability of temperature and 
other meteorological data. As shown on the map, 
the stations were used to construct a Thiessen 
polygon network which was used to associate land 
areas with specific meteorological data. The Oak 
Creek watershed is located entirely within the 
Thiessen polygon for the National Weather Service 
station at Mitchell Field, which is located immedi- 
ately north of the watershed. Accordingly, the 
records of this station were used to characterize 
the climatologic and meteorologic conditions in 
the watershed. Additional information about this 
station is presented in Chapter VIII. 

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 



The Thiesen polygon network constructed for the six National Weather Service observation stations shown above was used to  associate land 
areas wi th specific meteorological data. This was a necessary requirement for characterizing the meteorlogical conditions in  the Oak Creek 
watershed and for operating the water resources simulation model used to  calculate streamflow and streamwater quality. I 
Source: National Weather Service and SEWRPC. I 

double with each 20°F rise in temperature within processes is a function of oxygen solubility in 1 
the temperature range normally encountered in 

' 

water, or the maximum concentration of oxygen 
nature. The supply of oxygen available for such that can be retained in solution, which is also I 



Table 8 

METEOROLOGICAL DATA OBSERVATION STATIONS NEAR 'THE OAK CREEK WATERSHED 

Source: SEWRPC. 

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 dissolved oxygen solubility of 
surface waters of that same stream on a hot 80°F 
day will be 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 maximum because of accelerated reaction 
rates while the oxygen supply is at its annual 
minimum because of solubility limitations 
associated with high temperatures. 

Station Identification 

Data for the air temperature observation station 
near the Oak Creek watershed-Milwaukee at 
Mitchell Field a r e  presented in Table 9. Monthly 
temperature data are presented in Figure 8. The 
air temperature and precipitation data used to 
develop the tables and figures presented in this and 
subsequent sections of this chapter are for various 

Name 

Milwaukee- 
Mitchell Field 

Milwaukee- 
Mount Mary 

Milwaukee- 
North Side 

Racine 

Union Grove 

West Allis 

periods of record ranging from 16  years to 140 
years. Coincident periods of record were not used 
because of the widely varying periods of historic 
record available. Although noncoincident periods 
of record were used, the monthly and annual 
summary data presented in this chapter are judged 
to be sufficiently accurate to portray the water- 
shed temperature and precipitation characteristics. 
The temperature data illustrate how watershed 
air temperatures lag approximately one month 
behind summer and winter solstices during the 
annual cycle, with the result being that July is the 
warmest month in the watershed and January 
the coldest. 

Data Recorded 

Hourly precipitation, 
daily temperatures, 
wind velocity, humid- 
ity, cloud cover, per- 
cent sunshine, and 
dewpoint temperature 

Daily precipitation 
and temperature 

Daily precipitation 
and temperature 

Daily precipitation 
and temperature 

Daily precipitation 

Daily precipitation 
and temperature 

l ndex 
Number 

5479 

5474 

5477 

6922 

8723 

9046 

Location 

Summer air temperatures throughout the water- 
shed, as reflected by monthly means at the Mil- 
waukee station for July and August, range from 
the 6g°F to 71°F. Average daily maximum tem- 
peratures within the watershed for these two 
months range from 7 8 ' ~  to ~ O ~ F ,  whereas average 

County 

Milwaukee 

Milwaukee 

Milwaukee 

Racine 

Racine 

Milwaukee 

City or 
Village 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Milwaukee 

City of 
Racine 

Village of 
Union Grove 

City of 
West Allis 

Current 
Location 

FAA Building 
Mitchell Field 

Mount Mary 
College 

Discontinued 
December 1978 

Wastewater 
Treatment Plant 

Wastewater 
Treatment Plant 

Allis Chalmers 
Company 



Table 9 Figure 8 

AIR TEMPERATURE CHARACTERISTICS FOR 
MILWAUKEE AT MITCHELL FIELD 1951-1980 

a 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. 

The mean monthly temperature is the average of the average daily 
maximum temperature and daily minimum temperature for each 
mon th. 

Month 

January 
February 
March 
April 

May 
June 
July 
August 
September 
October 
November 
December 

Year 

Source: National Climatic Center and SEWRPC. 

Average Daily 
~ ~ n i m u m ~  

11.3 
15.8 
24.9 
35.6 
44.7 
54.7 
61 .I 
60.2 
52.5 
41.9 
29.9 
18.2 

37.6 

Average Daily 
~ a x i m u m ~  

26.0 
30.1 
39.2 
53.5 
64.8 
75.0 
79.8 
78.4 
71.2 
59.9 
44.7 
32.0 

54.6 

daily minimum temperatures vary from 60°F to 
61°F. With respect to minimum daily tempera- 
tures, the meteorological station network is not 
sufficient to reflect all the effects of topography. 
During nighttime hours, cold air, because of its 
greater density, flows into low-lying areas. Because 
of this phenomenon, the average daily minimum 
temperatures in these topographically low areas 
will be less than those recorded by the meteoro- 
logical stations, particularly during the summer 
months. 

~ e a n ~  

18.7 
23.0 
32.1 
44.6 
54.8 
64.9 
70.5 
69.3 
61.9 
50.9 
37.3 
25.1 

46.1 

Winter temperatures for the watershed, as 
measured by monthly means for January and 
February, range from lg°F to 23OF. Average daily 
maximum temperatures within the watershed for 
these two months vary from 2 6 ' ~  to 30°F, 
whereas average daily minimum temperatures range 
from l l ° F  to  16OF. 

Extreme high and low temperatures in the water- 
shed, based on recorded data for Milwaukee at the 
Mitchell Field weather station, range from a high 
of 10l°F recorded in July 1955 to a low of -24OF 

AIR TEMPERATURE CHARACTERISTICS FOR 
MILWAUKEE AT MITCHELL FIELD: 1951-1980 

LEGEND 

MONTHLY 
AVERAGE DAlLY 

MAXIMUM 
TEMPERATURE 

MONTHLY 
MEAN 

TEMPERATURE 

MONTHLY 
AVE RAGE DAILY 

MINIMUM 
TEMPERATURE 

J F M A M J  J A S O N D  
MONTH 

Source: National Climatic Center and SEWRPC. 

recorded in January 1963. The growing season, 
which is defined as the number of days between 
the last 3 2 ' ~  frost in spring and the first freeze in 
fall, normally begins 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 
ranges from gentle showers of trace quantities to 
destructive thunderstorms, as well as major rainfall- 
snowmelt events causing property damage, inun- 
dation of poorly drained areas, and stream flood- 
ing. Rainfall events may cause separate sanitary 
sewerage systems to surcharge and back up into 
basements and overflow 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 



Table 10 Figure 9 

PRECIPITATION CHARACTERISTICS FOR 
MILWAUKEE AT MITCHELL FIELD 

Source: National Climatic Center and SEWRPC. 

plants. Such surcharging of separate sanitary 
sewerage systems is caused by the entry of exces- 
sive quantities of rain, snowmelt, and groundwater 
into sanitary sewers via manholes, building sewers, 
building downspouts, and foundation drain con- 
nections; and by infiltration through faulty sewer 
pipe joints, manhole structures, and cracked pipes. 

Average Snow 
and Sleet 

(1 941 -1 981 ) 

12.8 
9.6 
9 .O 
1.7 

Trace 
0 .O 
0 .O 
0 .O 

Trace 
0.1 
3.1 

10.5 

46.8 

Month 

January 
February 
March 
April 

May 
June 
July 
August 
September 
October 
November 
December 

Year 

Total precipitation and snowfall data for the 
Mitchell Field observation station are presented in 
Table 10. Monthly total precipitation and snowfall 
observations are presented graphically in Figure 9. 
The table and figure illustrate the type of precip- 
itation and the amount that normally occurs near 
the watershed. 

Average Total 
Precipitation 
(1951-1980) 

1.64 
1.33 
2.58 
3.37 
2.66 
3.59 
3.54 
3.09 
2.88 
2.25 
1.98 
2.03 

30.94 

The average annual total precipitation in the 
watershed and immediate surroundings, based on 
data for the Mitchell Field station, is 30.9 inches, 
expressed as water equivalent, while the average 
annual snow and sleet measured as snow and sleet 
is 46.8 inches. 

Average total monthly precipitation for the water- 
shed, based on data for the Mitchell Field weather 
station, ranges from a low of 1.33 inches in Febru- 
ary to a high of 3.59 inches in June. The principal 
snowfall months are December, January, February, 
and March, when average monthly snowfalls are 
10.5, 12.8, 9.6, and 9.0 inches, respectively, and 
during which time 90 percent of the average annual 

PRECIPITATION CHARACTERISTICS FOR 
MILWAUKEE AT MITCHELL FIELD 

0  
J F M A M J  A S O N D  

M O N T H  M O N T H  

Source: National Climatic Center and SEWRPC. 

snowfall may be expected to occur. Snowfall is the 
predominant form of precipitation during these 
months, totaling approximately 55 percent of the 
total precipitation expressed as water equivalent. 
Approximately 18  inches, or 58 percent 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 46.8 
inches is equivalent to 4.7 inches of water, and 
therefore only 1 5  percent of the average annual 
total precipitation occurs as snowfall. It is of 
interest to  note that approximately one-third to  
one-half of the 30.9-inch average annual precip- 
itation leaves the watershed as streamflow, the 
remaining precipitation being lost from the water- 
shed primarily as e ~ a ~ o t r a n s ~ i r a t i o n . ~  

Extreme precipitation event data through 1976 for 
four long-term weather stations-Milwaukee at 
Mitchell Field, Waukesha, Racine, and West Bend-- 
are presented in Table 11. Inasmuch as these 

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



Table 11 

EXTREME PRECIPITATION EVENTS FOR SELECTED LONG-TERM 
STATIONS NEAR THE OAK CREEK WATERSHED 

1 I 1 Total P rec~~~ ta t i on  (water eauivalentl I 

a Based on the period 184 1 - 1976. 

Maximum precipitation for a 24-hour period. 

Observat~on 
Statlon 

Maximum and minimum snowfalls for a winter season. 

Maximum snowfall for a 24-hour period. 

Period of 
Precip~tation 

Records Except 
Where lndlcated 

Otherwise 

1870-1 976 
1895-1 976 
1892-1 976 
1922-1976 

Name 

Milwaukee 
Racine 
Waukesha 
West Bend 

Observation 
Station 

Estimated from incomplete records. 

County 

Milwaukee 
Rac~ne 
Waukesha 
Washington 

Snowfall 

Name 

Milwaukee 
Racine 
Wau kesha 
West Bend 

Based on rhe period 1895-1959 as reported in A Survey Report for Flood Control on the Milwaukee River and Tributaries, U. S. Army Engineers District, Chicago, Corps 
of Engineers, November 1964. 

County 

Milwaukee 
Racine 
Wau kesha 
Washington 

Source: Wisconsin Statistical Reporting Service, National Weather Service, U. S. Army Corps of Engineers, and SEWRPC. 

Max~mum 
Annual 

Maximum 
Annual 

long-term records are for stations located reason- 
ably near the Oak Creek watershed, data from 
these stations may be considered representative of 
the extreme precipitation events that have oc- 
curred within the watershed. 

Amount 

50.36~ 
48.33 
43.57 
40.52 

Amount 

109.0~ 
85.0 
8 3 . 0 ~  
86.5 

Annual precipitation within the watershed and the 
immediate surroundings has varied from a low of 
approximately 17  inches, or about 56 percent of 
the area average, to a high of approximately 50 
inches, or about 63 percent above the average. 
Annual seasonal snowfall has varied from a low of 
approximately five inches, or about 11 percent of 
the area average, to a high of approximately 
109 inches, or about 133 percent above the aver- 
age. The maximum monthly precipitation at the 
four stations is 13.17 inches, recorded at West 

Year 

1876 
1954 
1938 
1938 

Mln~mum 
Annual 

Year 

1885-1886 
1897-1898 
1917-1918 
1935-1936 

Minimum 
Annual 

Bend in August 1924, and the maximum monthly 
snowfall is 56 inches, measured at Waukesha in 
January 1918. The maximum 24-hour rainfall is 
7.58 inches as recorded on August 4,1924 at West 
Bend, while the maximum 24-hour snowfall is 
30 inches as measured at Racine on February 1 9  
and 20,1898. 

Amount 

18.69~ 
17.75 
17.30 
19.72 

Amount 

11 .0~  
5 . 0 ~  
9.1 

19.6 

Snow Cover: The likelihood of snow cover and the 
depth of snow on the ground are important factors 

Year 

1901 
1910 
1901 
1901 

Maximum 
Monthly 

Year 

1884-1885 
1901-1902 
1967-1968 
1967-1968 

Maximum 
Monthly 

influencing the planning, design, construction, and 
maintenance of public utilities. Snow cover, par- 
ticularly early in the winter season, significantly 
influences the depth and duration of frozen 
ground, which in turn affects engineered works 
involving extensive excavation and underground 
construction. Accumulated snow depth at a 

Amount 

10.03 
10.98 
11.41 
13.17~ 

Maxlmum 
Daily 

Amount 

52.6 
38.0 
56.0 
38.0 

Maximum 
Daily 

Amount 

5.76a 
4.00 
5.09 
7.58f 

Amount 

2 0 . 3 ~  
3 0 . 0 ~  
2 0 . 0 ~  
21.0 

Month 

June 

May 
July 
August 

Month 

January 
February 
January 
January 

Year 

1917 
1933 
1952 
1924 

Day 

22-23 
11 
18 
4 

Year 

1918 
1898 
1918 
1943 

Day 

4-5 
19-20 
5-6 

10-1 1 

Month 

June 
September 
July 
August 

Month 

February 
February 
January 
December 

Year 

1917 
1933 
1952 
1924 

Year 

1924 
1898 
1918 
1970 



particular time and place is primarily dependent on 
antecedent snowfall, 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. 

Table 12  indicates the snow depth in southeastern 
Wisconsin as measured during the 16-year period 
from 1961 through 1977 and published in Snow 
and Frost in Wisconsin, a 1978 Wisconsin Agri- 
culture Reporting Service report. 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 data presented in Table 12  should be consid- 
ered 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 
there is at least a 0.50 probability of having one 
inch or more of snow cover in southeastern Wis- 
consin. Furthermore, during January and Febru- 
ary, there is least a 0.25 probability of having five 
or more inches of snow on the ground. During 
March, the month in which severe spring snow- 
melt-rainfall flood events are most likely to occur, 
there is at least a 0.38 probability of having one 
inch or more of snow on the ground. 

By using Table 12, the probability that a given 
snow cover will exist or be exceeded at any given 
time can be estimated, and thus the data in the 
table can be useful in planning winter outdoor 
work and construction activities as well as in 
estimating runoff for hydrologic purposes. There 
is, for example, only a 0.25 probability of having 
one inch or more of snow cover on November 30 
of any year, whereas there is a much higher proba- 
bility, 0.75, of having that much snow cover on 
January 15. 

Table 12 

SNOW COVER PROBABILITIES IN  SOUTHEASTERN WISCONSIN BASED ON DATA FOR THE PERIOD 1961-1977 

a ~ a t a  pertain to snow depth on the ground as i t  was measured at the time and place of observation, and are not a direct measure of average snowfall. 

Number of occurrences is the number of times during the 16-year period of record when measurements revealed that the indicated snow depth was equaled or exceeded on 
the indicated date. 

Date 

Probability of occurrence of a given snow depth and date is computed by dividing the number of occurrences by 16, and is defined as the probability that the indicated 
snow cover will be reached or exceeded on the indicated date. 

Snow covera 

Month 

November 

December 

January 

February 

March 

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. 

Day 

30 

15 
31f 

15 
3 1 

15 
28 

15 
3 1 

Overall average snow cover is defined as the sum of all snow cover measurements in inches for the indicated date divided by 16; that is, the number of observation times. 

Records not available for the firsr four years (1961-1964) of analysis 

Average 

Source: Wisconsin Agriculture Reporting Service and SEWRPC, 

Per 
occurrenced 

2.4 

5 .O 
3.8 

6.6 
7.6 

6.4 
4.6 

5.9 
3.7 

15.0 Inches or More 1.0 Inch or More 

overalle 

0.7 

2.6 
3.5 

5 .O 
4.9 

5.3 
3.6 

2.3 
1 .5 

Number of 
occurrencesb 

0 

0 
0 

0 
0 

0 
1 

1 
0 

Number of 
occurrencesb 

4 

8 
11 

12 
10 

13 
12 

6 
6 

Probabil~ty 
of 

occurrenceC 

0.00 

0.00 
0.00 

0.00 
0 .OO 

0.00 
0.06 

0.06 
0.00 

5.0 Inches or More 

Probabil~ty 
of 

occurrenceC 

0.25 

0.50 
0.69 

0.75 
0.62 

0.81 
0.75 

0.38 
0.38 

Number of 
occurrencesb 

0 

4 
3 

7 
8 

6 
4 

2 
2 

10.0 Inches or More 

Probab~l~ty 
of 

occurrenceC 

0.00 

0.25 
0.19 

0.44 
0.50 

0.38 
0.25 

0.12 
0.12 

Number of 
occurrencesb 

0 

0 
0 

3 
3 

4 
1 

1 
0 

Probab~lity 
of 

occurrenceC 

0.00 

0.00 
0.00 

0.19 
0.19 

0.25 
0.06 

0.06 
0.00 



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 
surface watercourses in contrast to that which will 
enter and be temporarily detained in the soil. 
Anticipated 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 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 contract, expand, or shift as a result of frost 
actions. The design and construction of sanitary 
sewers is based on similar considerations. 

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 is 
less than one-fifth that of moist soil, and thus 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 all or, at most, a relatively small 
frost penetration will occur. Frost depth is also 
dependent on vegetal cover and soil type. Assum- 
ing similar soil types, for example, frost will 
penetrate more deeply into bare, unprotected soil 
than into soil covered with an insulating layer 
of sod. 

Data on frost conditions for the Region are avail- 
able on a bi-weekly basis for the months of 
November to April as shown in Table 1 3  and are 
based upon data for a 16-period of record extend- 
ing from 1961 through 1977, as set forth in the 
report Snow and Frost in Wisconsin, published in 
1978 by the Wisconsin Agriculture Reporting 
Service. These data are provided for representative 
locations on a bi-weekly basis by funeral directors 
and cemetery officials. Since cemetery soils are 

Table 13 

AVERAGE FROST DEPTH I N  SOUTHEASTERN 
WISCONSIN: NOVEMBER TO APRIL 

a Based on 1961-1977 frost depth data for cemeteries as 
reported by funeral directors and cemetery officials. 
Since cemeteries have soils that are overlain by an insu- 
lating layer of turf, the frost depths should be considered 
minimum values. 

Month and Day 

November 30 
December 15 
December 31 
January 15 
January 31 
February 15 
February 28 
March 15 
April 7 
April 15 

Source: Wisconsin Agriculture Reporting Service, - Snow 
and Frost in Wisconsin, October 1978. 

Nominal Frost Depth 
( i n c h e ~ ) ~  

1 
3 
4 
9 

12 
14 
15 
13 

7 
3 

normally overlain by an insulating layer of turf, the 
frost depths shown in Table 13  should be consid- 
ered 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 
Wisconsin, one of the deepest regionwide frost 
penetrations occurred in early March 1963, when 
25 to 30 inches of frost depth occurred throughout 
the Planning Region. Frost depths of over 36 
inches 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 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 
nine 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 February, when 15  
or more inches of frost depth 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 atmos- 
phere. Total evaporation includes evaporation from 
water and snow surfaces and directly from the soil, 
and also includes evaporation of precipitation 
intercepted on or transpired by vegetation. The 
magnitude of and annual variation in evaporation 
from water surfaces and the relation of the evapor- 
ation to precipitation is important because of the 
key role of this process in the hydrologic cycle of 
the Oak Creek watershed. 

Based on the limited pan evaporation data avail- 
able, pan evaporation for the watershed and 
environs averages about 29 inches annually, with 
about 24 inches occurring from May through 
October. During this period, pan evaporation 
exceeds precipitation. However, pan evaporation is 
not indicative of total evaporation in the watershed 
because the area of surface waters in the water- 
shed is much smaller than the total watershed area. 

Wind: Over the seasons of the year, prevailing 
winds in the Region follow a clockwise, directional 
pattern, being northwesterly in the late fall and 
winter, northeasterly in the spring, and southwest- 
erly in the summer and early fall. Wind velocities in 
the Oak Creek watershed may be expected to be 
less than 5 miles per hour about 1 5  percent of 
the time, between 5 and 1 5  miles per hour about 
60 percent of the time, and in excess of 1 5  miles 
per hour about 25 percent 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. Information on expected sky cover in 
the form of the expected percent of clear, partly 
cloudy, and cloudy days each month is also sum- 
marized in Figure 10. These daylight and sky 
cover data are useful in planning outdoor con- 
struction and maintenance work, and in analyzing 
and explaining diurnal changes in observed surface 
water quality. For example, marked changes in 
measured stream dissolved oxygen levels are 
normally correlated with the transition from 
daytime to nighttime conditions, when photosyn- 
thetic oxygen production by algae and aquatic 
plants is replaced by oxygen utilization through 
respiration by those plants. As illustrated in Figure 
10, the duration of daylight ranges from a mini- 
mum 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 between sunrise and 
sunset 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. Furthermore, 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 
about equally divided between partly h u d y  
and clear. 

Physiography 
As already noted, the Oak Creek watershed en- 
compasses an area of approximately 27.24 square 
miles. The watershed is roughly rectangular in 
shape, being 4.5 miles wide in an east-west direc- 
tion, and 5.5 miles long in a north-south direction. 
Also as noted, the area of the watershed was 
increased by 0.76 square mile in 1980 when the 
drainage basin lands in the City of Cudahy 
originally directly tributary to  Lake Michigan were 
diverted into the watershed. 

Topographic and Physiographic Features: The 
variation in elevation within the watershed is 
shown on Map 12. Watershed physiographic 
features, or surficial land forms, have been deter- 
mined largely by the underlying bedrock and the 
overlying glacial deposits of the watershed. Land 
slopes in the watershed are classified into three 
major groups: slight-0 to 6 percent, moderate-6 
to 12  percent, and steep--greater than 12 percent. 
As shown on Map 13, approximately 89 percent of 
the watershed is characterized as having slight 
slopes, 2 percent as having moderate slopes, and 1 
percent as having steep slopes. Approximately 8 
percent of the watershed is classified as made land 
for which slope data are not available. The Niagara 
cuesta on which the watershed lies is a gently 
eastward sloping bedrock surface. The elevation of 
the surface of the watershed is asymmetrical as 
shown on Map 12, with the eastern border of 
the watershed being generally lower in elevation- 
by about 80 to  140 feet-than the western border. 
Glacial deposits overlying the bedrock formations 
form the surface topography of the watershed, 
consisting primarily of gently sloping ground 



Figure 10 

SUNRISE, SUNSET, A N D  SKY COVER I N  T H E  OAK CREEK WATERSHED 
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'8A9ED ON MILWaUKEE SKI COVER DATA. THESE MONTHLY DATA ARE S1MILAR TO THOSE OBSERVED AT MADISON AND A T  GREEN BW, WHICH 
SUGGESTS THAT .TT~EF~E 8s VERY L ~ T T L E  VARIAT.T~ONINTUEE MONTHLY DATA FOR THE L ~ O E  ~ E O G R ~ P I I I C  REGION R E L ~ T I Y E  m 
THE O&l( CREEX WATERSHED REPRESENTED 8Y THESE THREE N4TIONAL WEaTHER SERVICE S T I T I O N S  THEREFORE. THE MILWAUKEE 
oaruetlr nNo SKY covm MON~HLI DATA MAY BE ECONSIERED ~PPLICABLE TO THC W*TERSHED. SKY COYER CONSISTS OF CLOUDS OR 
OBSCURING ?HENOMEN& AND 15 EXPRESSED IN TENTMS. A DAY 1s CLASSIFIED AS CLEaR IF THE SKI COVER DURlNG THE DAYLIGHT 
PCRlOD 15 0-0.3 PARTLC CLOUDY IF THE SKY C W E R  15 0 4 - 0 7 ,  AND CLOUDY IF THE SKY COYER 15 08-10 MONTHLY S K I  COYER 
INDICATES. BI M~NTN. THE PERCENT OF DAYS T H ~  HISTORICALLY HAVE BEEN C L E ~ R .  PARTLY CLOUDY. OR CLOUDY. 

Source: Adapted by SEWRPC from National Weather Service and U. S. Nawl Observatory Data. 

moraine-heterogeneous material deposited on the 
glacial ice. Surface elevations within the watershed 
range from a high of approximately 810 feet above 
National Geodetic Vertical Datum (Mean Sea Level 
Datum) along the western border of the watershed 
to  approximately 590 feet above National Geo- 
detic Vertical Datum at the mouth, a maximum 
relief of 220 feet. 

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 considera- 
tions 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 a t  
a scale of 1 inch equals 100 feet with a two-foot 
contour interval prepared to  SEWRPC standards is 
available for the entire watershed (see Map 14). 
The sources of mapping, dates, and other selected 
information are presented in Table 14. The refer- 
enced mapping together with 1 inch equals 400 



Map 12 

TOPOGRAPHIC CHARACTERISTICS OF THE OAK CREEK WATERSHED 

LEGEND 

SURFACE ELEVATION IN FEET bBOVE 
NATIONAL OEOOETIC VERTICAL DATUM 

Glacial deposits ruperimposed on underlying bedrock establish the overall topography o f  the Oak Creek watershed. Watershed topography is 
asymmetrical, wi th the eastern border of the watershed being about 80 to  140feet below the western border. Surface elwations in  the water- 
shed range from a high of approximately 810 feet above National Geodetic Vertical Datum (mean sea level datum) at the western border of the 
watershed in  the southwest corner of the City of Milwaukee t o  a low o f  approximately 590feet above National Geodetic Vertical Datum at the 
mouth of Oak Creek, a maximum relief of 220 feet. 

Source: SEWRPC, 



Map 13 

LAND SURFACE SLOPES I N  THE OAK CREEK WATERSHED 
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Approximately 89 Percent of the Oak Creek watershed area is  characterized ar having slight slopes. 2 percent as having moderate slopes, 
and about 1 percent as having steep slopes. Approximately 8 percent of the watershed is classified as made land for which slope data are not 
available. 

Source; SEWRPC. 
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foot scale aerial photographs were used extensively 1 in the watershed planning process and should 
be valuable during implementation of the Oak 

I Creek watershed plan. 

I Surface Drainage : The Oak Creek watershed drains 
in a generally easterly direction to Lake Michigan. 

1 
I The watershed adjoins the Kinnickinnic River 
I 
I watershed on the north, the Root River watershed 

on the south and west, and lands that drain 
directly to Lake Michigan on the east. Compre- 
hensive watershed plans have been completed and 
adopted by the Commission for the Kinnickinnic 
River and Root River watersheds. 

1 The surface drainage characteristics of the water- 
shed are diverse with respect to channel cross- 
sectional shape, channel slope, degree of stream I sinuosity, and floodland shape and width. The 
heterogeneous character of the surface drainage 
system is due partly to the natural effects of 

1 glaciation superimposed on the bedrock and partly 
to  the extensive channel modifications and other 
results of urbanization that are evident throughout 
the watershed. The configuration of the stream 1 network in the watershed was described earlier in 
this chapter, being shown on Map 3 and described 
in Table 1. 

I 

Geology 
The geology of the Oak Creek watershed is a com- 
plex system of various layers and ages of rock 
formations. The type and extent of the various 

This summary of watershed geology is based on 
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. 
Geological Survey Circular 247, Washington 
D. C., 1953. 

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, Washington 
D. C., 1953. 

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- 

bedrock formations underlying the watershed 
were 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 Oak Creek watershed consist predominantly of, 
in ascending order, crystalline rocks of the Pre- 
cambrian Era, Cambrian through Silurian Period 
sedimentary rocks of .  the Paleozoic Era, and 
unconsolidated surficial deposits. Only the glacial 
deposits are exposed in the watershed, there being 
no known bedrock outcrops in the basin. 

Table 15, which summarizes the stratigraphy of the 
Oak Creek watershed, indicates that the unconsoli- 
dated 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 
40 feet per mile (about 0.75 foot per 100 feet). 
The relationship between the geologic units and 
the three aquifer systems underlying the watershed 
is also set forth in Table 15. 

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 

Supply Paper 1809-1, Washington D. C., 
1965. 

Martha J. Ketelle, "Hydrogeologic Consid- 
erations in Liquid Waste Disposal with a 
Case Study in Southeastern Wisconsin," 
SEWRPC Technical record, Volume 3, No. 3, 
September 1971. 

Earl L. Skinner and Ronald G. Borman, 
"Water Resources of Wisconsin-Lake Michigan 
Basin," Hydrologic Investigations A tlas 
HA-432, U. S. Geological Survey, Washington 
D. C., 1973. 

U. S. Geological Survey, Wisconsin Geological 
and Natural History Survey, and SEWRPC, 
Digital Computer Model of the Sandstone 
Aquifer in Southeastern Wisconsin, SE WRPC 
Technical Report No. 16, April 1976. 



Map 14 

AVAILABILITY OF LARGE-SCALE TOPOGRAPHIC MAPPING FOR THE OAK CREEK WATERSHED: 1983 

LEGEND 

7 MNTIFICATION NUMBEROF MAPPING 
(SEE TABLE 14) 

Large-scale topographic maps prepared to SEWRPC standards are avaiiabie for the entire watershed. The lerge-scale mapping was used in a 
variety of ways during preparation of the watershed plan, including to provide input to the hydrologic-hydraulic simulation modeling effort 
as well as in the evaluation of sites far alternative water-related public facilities and utilities. The extensive amount of large+eale mapping 
available should be valuable during the plan implementation process. 

Source: SEWRPC. 



Table 14 

SELECTED INFORMATION PERTAINING TO LARGE-SCALE 
TOPOGRAPHIC  MAPPING^ IN  THE OAK CREEK WATERSHED: 1983 

a A l l  the mapping is two-foot contour interval at a scale o f  1 inch equals 100 feet using SEWRPC-recommended procedures as described in SEWRPC 
Technical Report No. 7, Horizontal and Vertical Survey Control i n  Southeastern Wisconsin. 

Identification 
Number on 

Map 14 

1 
2 
3 

4 

5 

6 
7 
8 

Updates have been made by the City o f  Greenfield through 1980. 

Al l  of these maps were updated between 1976 and 1978 except those for the following quarter sections in Township 5 North, Range 2 2  East: SW of 
Section 7; SE of Section 15; NW and SW o f  Section 18; NWand SW of  Section 19; SW o f  Section 23; NWand SW o f  Section 25; NWof  Section 26; SE and 
SW of Section 29; SW of Section 30; NE and SE o f  Section 32; and NE and NW o f  Section 35. 

Source: SEWRPC. 

Date of Map 
Preparation 

1977~ 
1964 
1980-1981 

1981 

1971 

1983 
1970 
1961' 

Civil Division 

City of Greenfield 
City of Franklin 
Cities of Cudahy, 

Milwaukee, and 
South Milwaukee 

Cities of Cudahy, 
Milwaukee, and 
Oak Creek 

City of Oak Creek 

City of Franklin 
City of Franklin 
City of Oak Creek 

rock types include quartzite and granite. The 
Precambrian 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, Ordo- 
vician, and Silurian Periods in seas that covered 
much of the present North American continent. 

Cambrian Rock Units: Cambrian rocks in the 
watershed are primarily sandstone, but contain 
some siltstone and shale. The two Cambrian rock 
units are the Mount Simon sandstone, which was 
deposited on the Precambrian surface, and the 
Eau Claire sandstone. The two units are present 
throughout the watershed. The Eau Claire sand- 
stone has a thickness of about 150 feet, whereas 
the Mount Simon sandstone has a thickness in 
excess of 800 feet, with the total thickness being 
unknown because of the absence of fully penetrat- 
ing wells or other bore holes. 

Ordovician Rock Units: Ordovician rocks in the 
watershed consist of sandstone, dolomite, and 

Date of 
Photography 

or 
Field Work 

1975 
1963 
1980 

1980 

1970 

1983 
1963 
1961' 

Mapping Agency 
or Firm 

J .  C. Zimrnerrnan Corporation 
Western Air Maps 
Owen Ayres & Associates, Inc. 

Aero-Metric Engineering, Inc. 

Wisconsin Department of 
Transportation, 
Division of Highways 

Aero-Metric Engineering, Inc. 
Alster & Associates, Inc. 
Alster & Associates, Inc. 

shale. The St. Peter sandstone, which was depos- 
ited on an erosion surface cut into the underlying 
Cambrian Formation, has a thickness of between 
150 and 200 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 differ- 
entiated in the watershed, have a combined thick- 
ness of approximately 250 feet. Above these is the 
relatively impermeable Maquoketa shale, which has 
a thickness of about 200 feet throughout the 
watershed. 

Agency or Community 
for Which Mapping 

was Originally 
Prepared 

City of Greenfield 
City of Franklin 
SEWRPC 

Milwaukee County 

Wisconsin Department of 
Transportation, 
Division of Highways 

SEWRPC 
City of Franklin 
City of Oak Creek 

Silurian Rock Units: SiIurian rocks consisting of 
undifferentiated dolomite strata and having a 
thickness of between 50 and 300 feet overliethe 
Maquoketa shale. They form the bedrock beneath 
the glacial deposits in all of the watershed. As 
shown on Map 15, which depicts the topography 
of the surface of the bedrock, the Silurian dolo- 



Table 15 

STRATIGRAPHY OF THE OAK CREEK WATERSHED 

a Each geologic unit underlies or covers the entire watershed with the exception of the Holocene deposits which are found only in topographi- 
cally low areas such as in streams and marshes. 

The combination of the unconfined sand and gravel and dolomite aquifers is sometimes referred to as the shallow aquifer, and the confined 
sandstone aquifer is sometimes referred to as the deep aquifer. 

Hydrologic unitb 

Sand and gravel aquifers 
(unconfined) 

Dolomite aquifer 
(unconfined) 

Confining bed 

Sandstone aquifer 
(confined) 

System 

Quaternary 

Silurian 

Ordovician 

Cambrian 

Precambrian 

Source: U. S. Geological Survey and SEWRPC. 

mite was eroded prior to deposition of the glacial gravel. As shown on Map 16, the thickness of the 
till so as to  exhibit an overall downward slope unconsolidated deposits in the Oak Creek water- 
which generally follows the present drainage shed is variable, ranging from 100 to  250 feet. 
pattern of the watershed. 

Geologic unita 

Holocene and Pleistocene 
Deposits 

Dolomite Undifferentiated 

Maquoketa Shale Undifferentiated 
Galena Dolomite, Decorah 
Formation, and Platteville 
Formation, Undifferentiated 

St. Peter Sandstone 

Eau Claire Sandstone 

Mount Simon Sandstone 

Undifferentiated 

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 hetero- 
geneous mixture of clay, 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 

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

Nominal Thickness 
or Thickness Range 

(feet) 

100-250 

50-300 

200 
250 

150-200 

150 

800+ 

(thousands 
of feet) 

Abandoned Sand and Gravel Pits and Quarries: 
Inactive sand and gravel pits and dolomite quarries, 

Dominant Lithology 

Clay, silt, sand, and 
gravel and boulders; 
possibly locally stratified 

Dolomite 

Shale 
Dolomite 

Sandstone 

Sandstone, siltstone, 
and shale 

Sandstone 

Crystalline rocks including 
granite and quartzite 

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 



Map 15 

TOPOGRAPHY OF THE SURFACE OF THE BEDROCK IN THE OAK CREEK WATERSHED 

LEGEND 

bm- CONTOURSO11BEDROCKSURFACE 
CONTOUR LNTERVaL -FEET 
OATUM IS MEANSEA LEVEL 

The surfan, of both the bedrocn and the dolomite aquifer is located from 100 to 250 feet beneath the ground surface of the Oak Creek water- 
shed. This bedrock surface dips generally downward in an easterly direction across the watershed at about 25 feet per mile. Topographic 
variations on tne surface of the oedrock probaolv reflect preglac~al m t e r  and ryind erosion. The relatively impermaable Maquoketa shale is 
post~oned immedately oelow the do,om:te "not, Nnerear unmnroidared glaclal till, orift, and al uwal deposits ie immediately above the unlt. 

Source: U. S. Geoloeical Survey. 



Map 16 

THICKNESS OF THE GLACIAL DEPOSITS IN THE OAK CREEK WATERSHED 

LEGEND 

1 20 TO 100 FEET 

n 100 TO 200 FEET 

230 TO 300 FEET 

The thickness o f  the glacial deposits which form the surface of the watershed and which are composed of clay, silt, sand, gravel, and boulders 
is variable throughout the basin. The thickness of glacial deposits is an important factor in the planning for and design of subsurface utilities 
and facilities because it determines whether such facilities wi l l  be constructed above or within the underlying bedrock. 

Source: U. S. Geological Survey and SEWRPC. 



complement contiguous public recreational areas 
or private residential, commercial, or industrial 
development. Those depressions that are in an 
urban setting may also serve as stormwater deten- 
tion 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 
inhabitants. There are no active sand and gravel 
pits in the Oak Creek watershed. There are 1 4  
abandoned sand and gravel pits distributed 
throughout the watershed. These are shown on 
Map 17. 

Soils - 
The nature of the soils within the Oak Creek 
watershed has been determined primarily by the 
interaction 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, chemi- 
cal removal of soil components by leaching or 
physical removal by wind or water erosion, addi- 
tions 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 Oak Creek watershed and the 
Region. In order tp  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 Conser- 
vation 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 not only has 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 also has provided interpretations 
of the soil properties for planning, engineering, 
agricultural, and resource conservation purposes. 
Detailed soils data are available for the entire area 
of the Oak Creek watershed. These 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 identifi- 
cation of prime agricultural lands, and the delinea- 
tion of primary environmental corridors. 

Vegetation 
Watershed vegetation at any given time is deter- 
mined by a variety of factors, including climate, 
topography, occurrence of fire, soils, proximity to  
bedrock, drainage, and the activities of man. 
Because of the temporal and spatial variability of 
these factors and the sensitivity of different 
forms of vegetation to these factors, the water- 
shed vegetation has been a changing mosaic of 
different types. 

The terrestrial vegetation in the watershed occupies 
sites which may be subdivided into two broad 
classifications: wetland and woodland. Wetlands 
are defined as areas that are inundated or saturated 
by surface water or groundwater at a frequency, 
and with a duration sufficient to support--and that 
under normal circumstances do suppor t a  preva- 
lence of vegetation typically adapted for life in 
saturated soil conditions. Woodlands are defined as 
areas one acre or more in size having 17  or more 
deciduous trees per acre, each measuring at least 
four inches in diameter at breast height and having 
50 percent or more tree canopy coverage. In 
addition, coniferous tree plantations and refores- 
tation projects are identified as woodlands by 
the Commission. 

The location, extent, type, and quality of wetland 
and woodland areas are key determinants of the 
environmental quality of the watershed. Such areas 
can, for example, support a variety of outdoor 
recreational activities. They offer aesthetic values, 
contributing to the beauty and visual diversity of 
the landscape and functioning 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 provide excellent 
outdoor laboratories for educational and re- 
search activities. 

Presettlement Woodlands and Wetlands: Prior to 
the arrival of European settlers, the vegetation of 
the watershed was predominantly southern mesic 



Map 17 

ABANDONED SAND AND GRAVEL PITS IN THE OAK CREEK WATERSHED: 1983 

Inactive rand and gravel pits and dolomite quarrier, and more particularly the excavations left as a result of the mining operations, have the 
wtential to  serve a variety of needs in an ever-expanding urban area. For example, these depressions may serve as solid waste dispogl sites, 
stormwater detention ponds, recreational areas. and outdoor clarrroomr for geologic studies. 

Source: SEWRPC. 



forest, lowland hardwood forest, and open marsh I and southern sedge meadow. The southern mesic 
forest was composed of a variety of upland decid- 
uous hardwoods such as sugar maple, basswood, 

/ red oak, and American beech. The lowland hard- 
wood forest areas were predominantly composed 
of American elm, green ash, black ash, and black 

i willow. Finally, the open marshes and southern 
sedge meadows were composed of cat-tails, sedges, 
and bluejoint grass. The presettlement distribution 
pattern of these three general categories of plant 
communities in the Oak Creek watershed is shown 
on Map 18. The southern mesic forest encom- 
passed about 88 percent of the watershed area; the 
lowland hardwood forest encompassed about 3 i percent of the watershed area; and the open 
marshes and southern sedge meadows encompassed 
about 9 percent of the watershed area. The map is 

[ based on information gathered as part of the U. S. 
Public Land Survey conducted within the water- 
shed just prior to settlement of the watershed by 

1 Europeans in the 1830's. For example, a land 
surveyor's field notebook contains the following 
description of the lands between U. S. Public Land 
Survey Sections 1 5  and 22, Township 5 North, 1 Range 22 East: "Land rolling good 2nd rate-marsh 
excepted-Timber: red and white oak, sugar maple." 

I These same notes also provide the following 
description of the lands between U. S. Public Land 
Survey Sections 22 and 27, Township 5 North, 
Range 22 East: "Mostly swamp and marsh." 

I The three general categories of plant communities 
which historically existed in the watershed can be 
further divided into six plant community types for 
comparison to the remnant natural plant com- 
munities now existing in the watershed: 

1. Dry-mesic upland hardwood forest contain- 
ing red and white oaks, shagbark hickory, 
and sugar maple similar to the woodlands 

I now found in Falk Park woods and por- 
I tions of the Michael F. Cudahy Nature 

Preserve located in the City of Oak Creek. 

2. Mesic upland hardwood forest containing 
sugar maple, basswood, and American 
beech similar to the woodlands now found 
in the Rawson Park woods and portions of 

1 the Michael F. Cudahy Nature Preserve 
located in the Cities of South Milwaukee 
and Oak Creek, respectively. 

3. Lowland zones of wet to wet-mesic hard- 
wood forest containing American elm, 
black willow, and green ash such as the 

stands still existing along the lower reaches 
of Oak Creek in the Oak Creek Parkway 
located in the City of South Milwaukee. 

4. Small lowland areas of shrub carr contain- 
ing red osier dogwood, willows, .and other 
shrubs similar to the wetland areas now 
found south of Puetz Road between S. 
20th Street extended and IH 94 in the City 
of Oak Creek. 

5. Small lowland areas of southern sedge 
meadow like the wetland areas now found 
adjacent to Puetz Road between USH 41 
and IH 94 in the City of Oak Creek. 

6. Small lowland zones of shallow marsh like 
the wetland areas now found south of 
Violet Drive between CTH V and IH 94 in 
the City of Oak Creek. 

Inventories, including onsite field inspection, of 
the remaining natural areas which contain exam- 
ples of the presettlement landscape within the Oak 
Creek watershed were conducted by the Wisconsin 
Department of Natural Resources, Scientific Areas 
Preservation Council staff in 1976 and 1981 for 
Milwaukee County. In addition, the Commission 
staff conducted a systematic review of its files, 
pertinent literature, Commission 1980 large-scale 
aerial photography of the watershed, and a poll of 
area biologists and resource managers to determine 
if any additional natural areas were located within 
the watershed. The findings of this natural area 
inventory effort are summarized below. 

Two natural areas not already protected through 
public ownership encompassing about 78 acres, or 
about 0.4 percent of the total area of the water- 
shed, and three natural areas presently protected 
by public ownership encompassing about 136 
acres, or less than 0.8 percent of the total area of 
the watershed, were identified and rated as shown 
on Map 1 9  and in Table 16. Based on the current 
condition, each natural area was classified into one 
of the following four categories: 

1. SA, State Scientific Area--State scientific 
areas are defined as those natural areas, 
geological sites, or archaeological sites iden- 
tified as being of at  least statewide signifi- 
cance and which have been so designated 
by the Wisconsin Department of Natural 
Resources, Scientific Areas Preservation 
Council. No such areas have been desig- 
nated within the watershed. 



Map 18 

GENERALIZED PRESETTLEMENT VEGETATION IN THE OAK CREEK WATERSHED 

LEGEND 

SOUTHERN MEStC FOREST 

LOWLbNO HfiRDWOODS 

$;tNooW$RSH AND YWTHEeN SEDGE 

The prerettlement distribution pattern of plant communitier in the Oak Creek watershed can be represented by the three generalized categories 
shown above. About 88 percent of the watershed was classified ar southern mesic forest; about 3 percent ar lowland hardwood forest; and 
about 9 percent as open marshes and wuthern sedge meadows. 
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KNOWN NATURAL AREAS IN THE OAK CREEK WATERSHED: 1980 

LEGEND 

NATURAL AREAOFSTATEWIDE OR 
ORELTE.TER SIGNIFICANCE LNA-I) 

NbTURALAREAOF COUNTY OR 5( REGI0Nf.L SIONIFICANCE INA-2) 

NaTURLIL &REA OF LOCAL 
SIGNIFIC/INCE (NA-3)  

Inventories, including onrite field inspection, of the remaining natural areas within the Oak Creek watershed indicate that two natural areas 
not already protected through public awnerrhip and three natural areas presently protected by public ownership exist wi th in the watershed. 
To rhe extent practicable, these small remnants of the once extensive and diverse presettlement vegetation of the Oak Creek watershed should 
be protected and maintained in  an essentially natural state. 

Source; SEWRPC 



Table 16 

KNOWN NATURAL AREAS I N  THE OAK CREEK WATERSHED: 1983 

Classification Code: N A - l  -Natural area of statew~de or greater sign~f~cance but not presently designated as State Scientific Area. 
NA-2-Natural area of county or regional significance. 
NA-3-Natural area of local significance. 

Name 

M~chael F Cudahy 
Nature Preserve 

Meyers Woods 

Rawson Park Maple 
Woods 

Falk Park Woods 

Esch Woods 

Source: Wisconsin Department o f  Natural Resources and SEWRPC 

2. NA-1, Natural Areas of Statewide or 
Greater Significance--Natural areas of state- 
wide or greater significance are defined as 
those natural areas which have not been 
significantly 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 presettlement landscape, but which 
have not as yet been classified as state 
scientific areas. 

Locat~on 

T5N. R22E 
Sect~on 4 

T5N. R22E 
Sectlon 19 

T5N, R22E 
Sect~on 2 

T5N. R22E 
Sect~on 7 

T5N. R22E 
Sect~on 18 

3. NA-2, Natural Areas of Countywide or 
Regional Significance-Natural areas of 
countywide or regional significance are 
defined as those natural areas which have 
been slightly modified by man's activities 
or which have insufficiently recovered from 

the effects of such activities but still 
contain good examples of native plant and 
animal communities representative 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 disturb- 
ances 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 too small. These natural areas may serve 
local communities as educational sites, 
passive recreation areas, and ecological 
zones which lend a degree of naturalness to 

Owner 

M~lwaukee 
County 

Pr~vate 

M~lwaukee 
County 

M~lwaukee 
County 

Pr~vate 

Acreage 

60 

30 

25 

5 1 

48 

Class~flcatlon 
Code 

N A  1 

NA 2 

NA 2 

NA 2 

NA 3 

Descr~pt~on 

A remnant m ~ x e d  hardwood stand contalnlng 
sugar maple, beech, and red and w h ~ t e  oaks and 
In part old growth, w ~ t h  a rlch herbaceous layer 
and several local, rare, and endangered specles 

A southern meslc hardwood forest remnant 
contalnlng sugar maple, basswood, red oak, 
and beech 

A good stand of southern meslc hardwoods dom- 
~nated by beech and sugar maples The woods 
recetve a cons~derable amount of use for f ~ e l d  
study by South M~lwaukee H ~ g h  School stu 
dents Extensive Ira11 development presently 
threatens the ground layer flora, whlch Includes 
a Wlscons~n endangered specles 

A good qua l~ ty  stand of southern dry-mes~c 
hardwoods dom~nated by w h ~ t e  oak wlth red 
oak, sugar maple, basswood, w h ~ t e  ash, and 
black cherry A rlch herbaceous layer IS pres 
ent Past disturbances Include select~ve cuttlng 
and some grazlng 

A small but good stand of beech and sugar 
maples Good slze dlstrlbut~on, llght logg~ng 
In d~stant past Black haw (V~burnum prunl -- 
f o l ~ u m l  occurs here Restdentla1 encroach- 

ment presently threatens the area 



their surroundings. In addition, these 
natural areas, if protected in an undis- 
turbed 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. NA-3, Natural Areas of Local Signifi- 
cance-Natural areas of local significance 
are defined as those natural areas which 
have been significantly modified by man's 
activities but have, nevertheless, retained 
a modest amount of natural cover. Such 
natural areas are suitable for local educa- 
tional use, and their exclusion from a 
natural area survey would be considered an 
oversight. Natural areas of local significance 
may reflect the patterns of former vegeta- 
tion or serve as examples of the influence 
of human settlement on vegetation. These 
natural areas may also be expected to 
increase in value if protected in an undis- 
turbed condition. 

Classification of an area into one of the foregoing 
categories is based upon consideration of the 
diversity of plant and animal species and com- 
munity types present; the expected structure and 
integrity of the native plant or animal community; 
the extent of disturbance from man's activities 
such as logging, grazing, water level changes, and 
pollution; the commonness of the plant and 
animal communities present; any unique natural 
features within the area; the size of the area; and 
the area's educational value. 

The natural areas in the Oak Creek watershed were 
also classified by the dominant type or types of 
vegetation present. The six categories used above 
to describe presettlement vegetation were used to 
classify the existing vegetation. Based on the 
vegetation classification, southern mesic hardwood 
forest is the dominant type of vegetation in the 
remaining natural areas of the watershed, occupy- 
ing about 540 acres, or 3.1 percent of the total 
area of the watershed. Table 17 compares the 
presettlement and current vegetative pattern of the 
watershed. Clearly, only small remnants of the 
once extensive and diverse presettlement vegeta- 
tion of the Oak Creek watershed remain. To the 
extent practicable, these remnants should be 
protected and maintained in an essentially natural 
state. 

Existing Woodlands: As noted above, woodlands 
are defined as those upland areas one acre or more 
in size having 17 or more deciduous trees per acre, 
each measuring at least four inches in diameter at 
breast height and having 50 percent or more tree 
canopy coverage. In addition, coniferous tree 
plantations and reforestation projects are identified 
as woodlands. It  is important to note that all 
lowland wooded areas, such as wet to wet-mesic 
hardwoods, have for watershed planning purposes 
been classified as wetlands, and are described in 
the following section of this chapter. As shown on 
Map 20, woodlands in the Oak Creek watershed 
presently cover 830 acres, or less than 5 percent of 
the total area of the watershed. Distributed in 
small stands throughout the watershed, these 
woodlands provide an attractive natural resource of 
immeasurable value. These woodlands accentuate 
the beauty of the stream system and the topog- 
raphy of the watershed, and are essential to the 
maintenance of the overall environmental quality 
of the environment in the watershed. 

A demand for the remaining woodland areas may 
be expected within the watershed, especially for 
residential development. Real estate interests tend 
to acquire scenic woodland areas for such develop- 
ment and this trend may be expected to acceler- 
ate. Severe damage to woodland areas has resulted 
where developers have subdivided woodland 
tracts into small urban lots and removed trees to 
develop subdivisions. Remaining trees have often 
been seriously weakened through the loss of a large 
portion of the root system. It is important to 
note that woodlands can be substantially preserved 
during land subdivision through careful construc- 
tion practices, as well as good subdivision layout 
and design. However, in the absence of good 
planning and plan implementation there is no 
guarantee that such preservation will take place. 

The overall quality of life within the watershed will 
be greatly influenced by the quality of the envi- 
ronment as measured in terms of clean air, clean 
water, scenic beauty, and natural diversity. Wood- 
lands contribute to  clean air and water and to the 
maintenance of a diversity of plant and animal life 
in association with human life. The existing wood- 
lands of the watershed which required a century or 
more to develop can be destroyed through mis- 
management within a comparatively short period 
of time. Accordingly, careful attention should be 
given in the urban planning and development 
process to the preservation and proper manage- 



Table 17 

PRESETTLEMENT A N D  CURRENT VEGETATIVE PATTERNS I N  THE OAK CREEK WATERSHED 

Source: SEWRPC. 

ment of the remaining woodlands of the Oak Creek 
watershed as an important element of the natural 
resource base. 

Vegetation Type 

Southern Mesic 
Forest . . . . . . . . . . . . . . 

Lowland Hardwood. . . . . . 
Open Marsh 

and Southern 
Sedge Meadow . . . . . . . . 

Total 

Existing Wetlands: As noted above, wetlands are 
defined as areas that are inundated or saturated by 
surface water or groundwater at  a frequency, and 
with a duration sufficient to support-and that 
under normal circumstances do support-preva- 
lence of vegetation typically adapted for life in 
saturated soil conditions. Such vegetation typically 
includes sedges, cat-tails, red osier dogwood, and 
willows. All remaining wetlands within the water- 
shed have been identified by the Southeastern 
Wisconsin Regional Planning Commission and 
are shown on Map 20. Wetlands within the Oak 
Creek watershed include shallow marsh, southern 
sedge meadow, shrub carr, fresh (wet) meadow, 
and southern wet and wet-mesic hardwood forests. 
Wetlands in the watershed presently cover 459 
acres, or less than 3 percent of the total area of the 
watershed. 

Water and wetland areas probably provide the 
singularly most important landscape feature within 
the watershed and can serve to  enhance all proxi- 
mate uses. Their contribution to resource conserva- 
tion and recreation within the watershed is 
immeasurable. Recognizing the desirable attributes 
of wetland areas, continued efforts should be made 
to protect this resource by discouraging costly- 

1980 1836 

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 envi- 
ronmentally valuable resources. Below is a sum- 
mary of the resource values of wetlands within the 
Oak Creek watershed: 

Acres 

540 
90 

4 1 

67 1 

Change 

Acres 

15,348 
505 

1,583 

17,436 

1. Wetlands affect the quality of water. 
Aquatic plants change inorganic nutrients 
such as phosphorus and nitrogen into 
org&ic 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 wetland, allowing the silt and 
other sediment to settle out. Wetlands 
thus help to protect downstream water 
resources from siltation and pollution. 

Percent 
of 

Watershed 

3.1 
0.5 

0.2 

3.8 

Acres 

- 14,808 
-415 

-1,542 

-16,765 

Percent 
of 

Watershed 

88.0 
2.9 

9.1 

100.0 

2. Wetlands 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 con- 
trolling flooding. At a depth of 1 2  inches, 
an acre of marsh is capable of holding more 
than 325,000 gallons of water, and thus 
helps protect communities against flooding. 

Percent 
Loss 

96 
82 

97 

96 

3. Wetlands may serve as groundwa.ter re- 
charge and discharge areas. 



Map 20 

WOODLANDS AND WETLANDS IN THE WATERSHED: 1980 

I LEGEND 

m WOWLAW 

I 
WETLbNDS 

I Waodlendr in the Oak Creek watershed presently cover a total combined area of 830 acres, or less than 5 percent of the total area of the water- 
shed. Distributed in small stands throughout the waterrhed, there woodlands provide an attractive natural resource of immeasurable value. 
These wmdlandr accentuate the beauty of the stream system a n d  the topography of the watershed and are essential to the maintenance of the 

I overall environmental 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 water- 
shed is immeasurable. and they contribute both directly and indirectly to the watershed's economy. Recagnizing the many environmemal 
attributes of wetland areas, continued efforts should be made to protect this resource by discouraging cartly-both in monetary and environ- 

I mental terms-wetland draining, filling, and urbanization. 

Source: SEWRPC. 



4. Wetlands are important resources for 
overall ecological health and diversity. 
They provide essential breeding, nesting, 
resting, and feeding 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 functions give wetlands rec- 
reational, research, and educational values; 
support activities such as trapping, hunting, 
and fishing, and add aesthetic value to the 
community. 

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 Oak Creek 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 
Oak Creek watershed study. 

Surface Water Resources: The surface water 
resources of the Oak Creek watershed, as identified 
in 1980, consist almost entirely of streams. Lakes 
are conspicuously absent, with the remainder of 
the surface water being made up of small ponds, 
flooded gravel pits, and wetlands. These surface 
water resources, in combination and individually, 
are far less abundant comparatively in the water- 
shed than in the Region as a whole. As already 
noted, wetlands in the watershed account for only 
459 acres, or 3 percent of the total area of the 
watershed, compared with 10  percent within the 
Region as a whole. Ponds and other surface water 
are present in an even smaller proportion, totaling 
only 27 acres, or less than 1 percent of the total 
area of the watershed, compared with 2 percent for 
the Region as a whole. The lack of large inland 
lakes and attendant recreational opportunities is 
offset by the proximity of the watershed to Lake 
Michigan, an enormous body of fresh water with 
great recreational 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 base flow of the streams. Agricultural drain 
tiles also contribute to this base flow. The streams 
also periodically receive surface water runoff from 
rainfall and snowmelt. This runoff, superimposed 
on the base flow, sometimes causes the streams to 
leave their channels and occupy the adjacent 
floodplains. The volume of water drained annually 
from the watershed by the stream system is equiva- 
lent to about 1 2 . 5 ~  inches of water spread over 
the watershed, amounting to about one-third of 
the average annual precipitation. 

Perennial streams are defined herein as those 
streams which maintain at  least a small continuous 
flow throughout the year except under unusual 
drought conditions. Within the watershed there are 
21.3 lineal miles of such perennial streams, as listed 
in Table 1. The detailed study of portions of the 
perennial stream system within the watershed 
constitutes an important element of the watershed 
planning effort, and subsequent chapters of this 
report will develop and describe the important 
interrelationships 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, continuously eroding material from 
concave banks of meandering loops while depos- 
iting 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, therefore, the floodplain should be 
considered to be an integral part of a natural 
stream system. 

Determined using the hydrologic-dydraulic 
model described in Chapter VIII. 



How much of the natural floodplain will be occu- 
pied 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 
corresponding 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 
regulatory 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 develop- 
ment that would impair floodwater conveyance by 
adversely increasing flood stages or velocities, or 
would themselves be subject to flood damage, 
should be prohibited in the floodway. 

The floodplain fringe is that portion of the regu- 
latory floodplain lying outside the floodway. 
Floodwater depths and velocities are small in this 
regulatory area relative to the floodway and, 
therefore, in a developed urban area further 
development 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 inunda- 
tion 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 that could be 
prime locations for needed park and open space 
areas, identification of flood hazard areas possibly 
requiring structural or nonstructural floodland 
management measures, delineation 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 Oak Creek watershed have been a matter of 
concern for many years. The flooding problem in 
the Oak Creek watershed has been documented in 
the federal flood insurance study reports for the 
Cities of ~ranklin: Oak creek,' and South Mil- 
~ a u k e e . ~  Each report included data on historic 
flooding and on existing condition flood flows and 
stages, as well as a delineation of the floodlands. 
However, none of these studies contain 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 recommend the 
best solution from among the alternatives, 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 of the 
technical, economic, financial, legal, and admini- 
strative feasibility and political acceptability of 
each alternative. The recommended floodland 
management element of the comprehensive plan 
for the Oak Creek watershed, along with the basis 
for the plan synthesis and an analysis of the attend- 
ant costs, is presented in Chapter XIV. 

Groundwater Resources: The Oak Creek watershed 
is richly endowed with groundwater resources. In 
the still rural portions of the watershed, the 
domestic water supply is provided by the ground- 
water reservoir. As already noted, Lake Michigan is 

Federal Insurance Administration, City of 
Franklin, Wisconsin, Flood Insurance Study, 
July 1981. 

' Federal Insurance Administration, City of Oak 
Creek, Wisconsin, Flood Insurance Study, March 
1978. 

Federal Insurance Administration, City of South 
Milwaukee, Wisconsin, Flood Insurance Study, 
November 19 79. 



the source of the public water supply provided to  
the urban areas of the watershed. Gradual dis- 
charge from the groundwater reservoir supplies 
the baseflow to Oak Creek 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 1,900 feet in 
portions of the watershed. There are three major 
aquifers in the Oak Creek watershed. These are, in 
order from land surface downward: 1 )  the sand 
and gravel deposits in the glacial drift; 2) the 
shallow dolomite strata in the underlying bedrock; 
and 3) the Cambrian and Ordovician strata, com- 
posed of sandstone, 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 to 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, recreational, and aesthetic value, 
and their importance in the ecological system. 
The location, extent, and quality of fishery and 
wildlife areas and the type of fish and wildlife 
characteristic of those areas are, therefore, impor- 
tant determinants 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 
indicator of the water quality and general ecologi- 
cal health of a stream system. First, fish occupy 
the top of the aquatic food chain and their pres- 
ence, therefore, implies the presence of many 
other types of plants and animals upon which they 
feed. Second, fish live continuously for generations 
in a water body and, therefore, over time come to 
reflect the condition of that water body. Finally, 
fish have been well studied, therefore, more 
accurate identification of species and more com- 

plete descriptions of their life histories are available 
than for other aquatic species, permitting relation- 
ships between fish and their environment to be 
well assessed. 

The information about the specific population of 
fish in a stream system that is used as an indicator 
of water quality and ecological conditions must be 
compared to information concerning the natural 
population of fish in a clean and ecologically sound 
stream system. Several characteristics of the fish 
population of a clean and sound environment are 
important in such a comparison. These character- 
istics include the presence of fish species from 
all parts of the food chain, including the herbivor- 
ous or forage fish and several levels of predator 
fish; the presence of a high diversity of species; 
and a distribution of age classes reflecting 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 
pollution intolerant, tolerant, and very tolerant, 
with the intolerant species dominating in the clean 
water conditions. Knowing those characteristics of 
the natural fish population which may be expected 
to exist in a clean and healthy environment, 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 popula- 
tion 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 alterations 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 to  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 
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 
dissolved oxygen concentrations, although turbidi- 



ty, 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 heavily 
polluted waters. Fish classified as tolerant can 
withstand smaller variations in water quality 
conditions than can very tolerant fish, and may, 
therefore, be expected to be found in clean and 
moderately polluted waters. Fish classified as 
intolerant, relative to other categories, can exist in 
only a very restricted range of water quality 
conditions and, therefore, may be expected to 
inhabit only clean waters. Generally, the presence 
of intolerant fish species indicates good water 
quality conditions, 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. Insofar 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 Oak Creek system are useful in assessing the 
overall change in the fish populations and, there- 
fore, in water quality conditions. In most cases 
where intolerant fish species have been signifi- 
cantly reduced or eliminated, significant alteration 
in the stream habitat may be assumed, such as 
channelization; 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 industrial 
wastes. 

Historic data from six fishery surveys were evalu- 
ated and used to assess the changes over time that 
have occurred in the fishery of the Oak Creek 
watershed. Table 18 lists the fish species and shows 
the number of individual species collected in the 
watershed since 1910. Figure 11 illustrates the 
spatial distribution of these species at  each collect- 
ing site on the stream system. 

The earliest recorded fish survey of the Oak Creek 
watershed was conducted by S. Graenicher on 
October 2, 1910, for the Milwaukee Public 
Museum. The specific collection site is unknown 
and was simply reported as "Oak Creek." Although 
only three species of fish were identified in the 

collection, they are significant because one spe- 
cies is considered pollution intolerant-blacknose 
dace. This fish species is no longer found in the 
watershed. 

The best historic appraisal of the natural fish fauna 
of Oak Creek comes from a survey conducted in 
1924 by C. L. Turner at a site "one mile southwest 
of South Milwaukee" as the stream channel existed 
in 1924. Figure 11 shows the approximate collec- 
tion site location between stream miles 4 and 5. At 
that time 14  species of fish were collected, of 
which five were found to  be pollution intolerant- 
blacknose dace, blacknose shiner, brassy minnow, 
Iowa darter, and least darter; six tolerant-Johnny 
darter, common shiner, golden shiner, creek chub, 
bluntnose minnow, and green sunfish; and three 
very tolerant-central mudminnow, white sucker, 
and black bullhead. The distribution of fish species 
among the three pollution tolerance categories 
indicates that a healthy fishery existed at that time 
in Oak Creek. 

For nearly 50 years, since 1924, no documented 
fish surveys were conducted in the Oak Creek 
watershed. In 1973, personnel from the Milwaukee 
Public Museum obtained collections from three 
sites along the main stem of Oak Creek and found 
less than half the number of species reported in 
1924. Their findings included three pollution 
tolerant species-creek chub, brook stickleback, 
and green sunfish; and three very tolerant 
species--central mudminnow, fathead minnow, and 
white sucker. No intolerant species were reported. 

In September 1975, the Wisconsin Department of 
Natural Resources conducted a fish survey of Oak 
Creek as part of a statewide fish distribution study. 
Five sites were surveyed in the watershed: three 
sites along the main stem of Oak Creek, one site 
along the Mitchell Field drainage ditch, and one 
site along the North Branch of Oak Creek. A total 
of 10 species were collected from the watershed, of 
which five were found to be pollution tolerant- 
emerald shiner, sand shiner, creek chub, brook 
stickleback, and green sunfish--and five very 
tolerant-central mudminnow, goldfish, fathead 
minnow, white sucker, and black bullhead. Again, 
no intolerant species were reported. Two of the 
species--emerald shiner and sand shiner-were 
represented by single individuals and were col- 
lected in the estuary portion of the watershed; as 
such, they may not represent a viable breeding 
population but rather an itinerant population 
from the near-shore waters of Lake Michigan. 



Table 18 

HISTORICAL FISH SURVEYS CONDUCTED IN  OAK CREEK WATERSHED: 1910-1981 

a Introduced species. 

Fish Species According 
t o  Their Relative 

Tolerance t o  Pollution 

Very Tolerant 

Central mudminnow 
(Umbra l imi)  . . . . . . . . . . .  

~ o l d f  isha 
(Carassius auratus). . . . . . . .  
a- 

Carp 
(Cyprinus carpi01 . . . . . . . .  

Fathead minnow 
(Pimephales promelas) . . . . .  

White sucker 
(Catostomus commersoni) . . .  

Black bullhead 
(Ictalurus melas). . . . . . . . .  -- 

Tolerant 

Johnny darter 
(Etheostoma n i  rum) + . . . . . .  

Emerald shiner 
(Notropis atherinoides) . . . . .  

Sand shiner 
13 

(Notropis stramineus). . . . . .  -- 
Common shiner 

(Notropis cornutus) . . . . . . .  -- 
Golden shiner 

(Notemigonus crysoleucas) . . .  
Creek chub 

(Semotilus atromaculatus) . . .  
Bluntnose minnow 

(Pimephales notatus) . . . . . .  
Brook stickleback 

(Culaea inconstans) . . . . . . .  
Green sunfish 

(Lepomis cyanellus). . . . . . .  -- 
Pumkinseed 

(Lepomis gibbosus) . . . . . . .  -- 
Largemouth bass 

(Micropterus salmoides) . . . .  

Intolerant 

Blacknose dace 
(Rhinichthys atratulus) . . . . .  

Blacknose shiner 
(Notropis heterolepis). . . . . .  -- 

Brassy minnow 
(Hybognathus hankinsoni) . . .  

Iowa darter 
(Etheostoma exile) . . . . . . .  

Least darter 
(Etheostoma microperca). . . .  

Total Number of 
Species Collected 

Total Number o f  
l ndividuals Collected 

Anadrornous fish species from Lake Michigan. 

Source: SEWRPC. 
70 

August 18 
and 31,1981 

9 

10 

8 

184 

14 

- 

102 

2 

1 

8 

330 

October 2, 
1910 

5 

2 

1 

3 

8 

Survey and Number 

March 22, 
1973 

1 

22 

22 

24 

78 

4 

6 

151 

Date o f  

July 11, 
1924 

3 

18 

1 

99 

6 

4 

32 

25 

1 

5 

59 

3 

1 

99 

14 

356 

of Individuals 

September 5-8, 
1975 

114 

1 

243 

98 

1 

1 

1 

337 

237 

22 

10 

1.055 

Collected 

September 6, 
1980 

124 

1 

5 

751 

97 

17 

77 

1,556 

4 

1 

10 

2,635 



Figure 11 

HISTORICAL SPATIAL DISTRIBUTION OF FlSH I N  THE OAK CREEK WATERSHED: 1924-1981 

CONFLU~NCE OF CONFLU~NCE OF 
POND M I TCHELL NORTH BRANCH 

F IELD DRAINAGE DITCH OF OAK CREEK 

CONFL'UENCE 
W l T H  

OAK CREEK 

LEGEND 
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1924 
0 1973 . 1975 

* 1980 . 1981 

RELATIVE 

TO 
POLLUTION 

Source: SEWRPC. 

A more comprehensive fish survey was conducted 
by the Commission staff in September 1980. Nine 
survey sites were established in the watershed: 
seven sites along the main stem of Oak Creek, 
one site along the Mitchell Field drainage ditch, 
and one site along the North Branch of Oak Creek. 
A total of 10 species were collected from the 
watershed, of which five were found to be pollu- 
tion tolerant-largemouth bass, golden shiner, 
creek chub, brook stickleback, and green sunfish- 
and five very tolerant-central mudminnow, gold- 
fish, carp, fathead minnow, and white sucker. No 
intolerant species were reported. 

FlSH SPECIES 

In August 1981, the Wisconsin Department of 
Natural Resources conducted fish surveys with 
electrofishing gear and minnow seines of the 
Parkway Pond located behind the dam near Mill 

NORTH BRANCH OF OAK CREEK. RIVER MILES 

I I I I 
0 . 0  1.0 2 . 0  3 . 0  4 0 5 . 0  

I 
CONFLUENCE 

W I T H  
OAK CREEK 

RELATIVE 

Road. A total of eight fish species were collected 
from the watershed, of which three were found to 
be pollution tolerant-green sunfish, pumpkinseed, 
and largemouth bass--and five very tolerant- 
central mudminnow, goldfish, carp, fathead 
minnow, and white sucker. The largemouth bass, 
a gamefish species, was represented by a single 
individual and clearly does not indicate the pres- 
ence of a breeding population in the pond. 

In addition to the species reported in the survey, 
the following species have been reported from the 
estuary area near Lake Michigan: coho salmon, 
chinook salmon, rainbow trout, brown trout, 
brook trout, and longnose sucker. Ali six fish 
species are intolerant of pollution and only enter 
the stream during spring or fall spawning season 
when oxygen levels are relatively high. Spawning, 
however, is unsuccessful because of the generally 
poor water quality conditions and lack of suitable 
spawning habitat. In order for salmonids to repro- 
duce, they must have clean gravel substrate with 
groundwater upwellings or cold, interstitial stream 
flows. This upwelling of groundwater or inter- 

FlSH SPECIES MITCHELL FIELD DRAINAGE DITCH: RIVER MILES 



stitial flow keeps the salmonid eggs well oxygen- 
ated and removes metabolic waste and silt. Those 
conditions are not met in Oak Creek at the present 
time. Furthermore, the presence of a dam one mile 
from the lake precludes any fish migration even if 
upstream conditions were favorable for spawning. 

One documented fish kill has occurred in the Oak 
Creek watershed. On January 21, 1980, a gasoline 
spill near 10th and Rawson dumped an estimated 
2,500 to 4,000 gallons into the creek. An esti- 
mated 80 percent of the fishery located down- 
stream of the spill were killed, the total kill being 
estimated to  have ranged from 500 to 5,000 fish. 
Fish species identified included rainbow and brown 
trout, coho salmon, creek chub, white sucker, carp, 
central mudminnow, and other forage species. 

Existing Fishery: Commission personnel inventor- 
ied the fish population of the Oak Creek watershed 
stream system-in June 1983 in order to determine 
the current status of the watershed fishery. These 
field studies, combined with instream habitat 
assessments and pollution controlability analyses, 
were intended to provide a basis for analyzing the 
potential for further fishery development within 
the watershed stream system. 

Survey Procedures: The fish survey was accom- 
plished using a one-quarter-inch mesh seine at  each 
of the 14  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 provide a basis with which historic fish 
collections could be compared. The location of the 
14  stations is shown on Map 21. Table 19  provides 
information on the stations, such as channel 
width, flow, depth, and water conditions. All of 
the fish captured at each fish survey station were 
identified by species and counted. The fish survey 
process proceeded in an upstream direction and the 
fish were netted after disrupting the bottom 
habitat and stream bank vegetation. All captured 
fish are preserved as part of the collection of the 
University of Wisconsin-Waukesha Center. 

Ir~ventory Findings: As indicated in Table 20 and 
Appendix B, a total of 653 fish representing eight 
species were taken at the 14  stations during the 
fish survey which was conducted on June 16  and 
17, 1983. The four most common species found in 
order of decreasing abundance were the creek 
chub, brook stickleback, central mudminnow, and 

fathead minnow. Figure 1 2  indicates, in summary 
form, the fish species captured at the 1 4  fish 
survey stations, as well as the number of each 
species, and the approximate position of each 
species on a pollution tolerance scale. 

Of the total 653 fish, 421, or 64 percent, were 
classified as being tolerant to pollution, and the 
remaining 232, or 36 percent, were considered very 
tolerant. No intolerant species were captured 
anywhere in the Oak Creek watershed during the 
survey. 

Clearly, the Oak Creek watershed no longer sup- 
ports a healthy and diverse fishery when compared 
with the 1924 fishery conditions; of the 1 4  species 
reported in 1924, 75 percent of the total popula- 
tion represented species intolerant to pollution. 
Insofar as fish populations serve as an index of 
stream water quality conditions, the dominance of 
tolerant and very tolerant fish in the watershed 
stream system is a manifestation of the poor water 
quality and habitat conditions that presently exist, 
and in the past existed, in the watershed as docu- 
mented in Chapter VII of this report. 

Of the eight species of fish captured at the 14  
instream stations, only the black crappie and green 
sunfish are considered to be of any sport fishing 
value. Considering the watershed as a whole, fish of 
these two species accounted for only 0.3 percent 
of the total number of fish that were captured 
during the instream fish survey. This clearly 
indicates that the Oak Creek stream system--exclu- 
sive of the Lake Michigan estuary and stream reach 
below the dam 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 653 fish taken at 
the 14 instream stations, 235--or 36 percent-were 
collected at one station-Fish Survey Station 
No. 6, located on Oak Creek at Puetz Road. The 
relatively large number of fish captured at this 
station does not, however, mean that there is a 
desirable fishery in that portion of the watershed, 
since about 58 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 variation in 



Map 21 

LOCATION OF FISH SURVEY STATIONS I N  THE OAK CREEK WATERSHED: JULY 1983 

LEGEND 

FISH SURVEY STATION 

7 STAT.TION NUMBER 

Data from historic fish surveys of the Oak Creek system are useful in  assessing the overall change in  the fish population and, therefore, in 
water quality conditions. In most cares where intolerant fish species have been significantly reduced or eliminated, significant alteration in  the 
stream habitat may be asrumed, such as channelization; draining of connected wetlands; runoff of fertilizers, sediment, pesticides and other 
tonic substances from both rural and urban lands; and the discharge of both municipal and industrial wastes. Historic data from six fishery 
surveys were evaluated and used to  asserr the changer over t ime that have occurred in  the fishery o f  the Oak Creek watershed. 

Source: SEWRPC. 
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Table 20 

RESULTS OF  FlSH SURVEY I N  THE OAK CREEK WATERSHED: JUNE 1983 

Source: SEWRPC. 

Figure 12 

Stream 

Lower Oak Creek . . 
Middle Oak Creek. . 
Upper Oak Creek . . 
Mitchell F~e ld  

Ditch . . . . . . . 
North Branch of 

Oak Creek. . . . . 

Watershed Total 

RESULTS OF FlSH SURVEY CONDUCTED I N  
THE OAK CREEK WATERSHED: JUNE 1983 

Number 
of 

Stations 

4 
3 
2 

2 

3 

14 

1 SPECIES VERY TOLER4NT 
TO POLLUTION 1 SPECIES TOLERANT TO POLLUTION 

Very Tolerant 

Source: SEWRPC. 

Species 

1 
3 
1 

2 

1 

3 

fishery characteristics. Lower Oak Creek, which is 
defined as that portion of the main stem of Oak 
Creek between its confluences with the Mitchell 
Field drainage ditch and Lake Michigan, yielded 
between 27 fish at  Fish Survey Station No. 1 
and one fish at Fish Survey Station No. 3. The 54 
fish collected in the lower reaches of the main stem 
of Oak Creek are distributed among four pollution 
tolerant species-green sunfish, creek chub, black 
crappie, and gizzard shad--and one very tolerant 
species-fathead minnow. Figure 11 indicates that 
the July 1924 survey identified five pollution 
intolerant fish speciesblacknose dace, blacknose 
shiner, brassy minnow, Iowa darter, and least 
darter--while fish surveys conducted in 1973, 
1975, 1980, and 1981 found no intolerant fish 
species in lower Oak Creek. I t  should be noted that 
brown trout, rainbow trout, and coho salmon were 
recorded at this reach of Oak Creek after the 
January 21, 1980 fish kill. However, these three 
intolerant fish species are anadromous species from 
Lake Michigan and, therefore, do not represent 
part of the Oak Creek watershed resident fishery. 
In addition to the six intolerant fish species, five 
tolerant species- common shiner, golden shiner, 
creek chub, bluntnose minnow, and green sun- 
fish-and three very tolerant species--central 
mudminnow, white sucker, and black bullhead- 
were collected during the July 1924 survey, for a 
total of 1 4  species at a single survey station located 
"one mile southwest of South Milwaukee" on the 
Oak Creek main stem. 

Population 

1 
144 
6 

47 

34 

232 

Tolerant 

The 1973 and 1975 surveys identified four tolerant 
species--emerald shiner, sand shiner, creek chub, 
and green sunfish-and three very tolerant 
species--goldfish, fathead minnow, and white 
sucker--for a total of seven fish species in lower 
Oak Creek. The 1980 and 1981 surveys identified 

Species 

4 
2 
1 

2 

2 

5 

Population 

53 
189 
15 

70 

94 

421 

Intolerant 
Subtotal 

Species 

Number 
of 

Species 

5 
5 
2 

4 

3 

8 

Population 

Species 

per 
Station 

1.25 
1.67 
I .OO 

2.00 

1 .OO 

0.57 

Population 

54 
333 
21 

117 

128 

653 

Population 

per 
Station 

14 
1 1  1 
1 1  

59 

43 

47 



four tolerant species-creek chub, green sunfish, 
pumpkinseed, and largemouth bass- a n d  five very 
tolerant species-central mudminnow, goldfish, 
carp, fathead minnow, and white sucker-for a 
total of nine fish species in lower Oak Creek. The 
known diversity, then, has been reduced by be- 
tween five and seven species of fish. Most notable 
is the shift from a balanced fishery dominated by 
the intolerant fish species to an unbalanced fishery 
dominated by very tolerant fish species. It  should 
be further noted that this comparison involves five 
survey locations in 1973, 1975, 1980, and 1981, 
and a single survey location in 1924. It  is likely 
that additional collection sites during the July 
1924 survey would have recovered additional 
species. During the approximately 50-year interval 
between the 1924 and 1973 surveys, significant 
alterations have occurred in Oak Creek. It is also 
apparent that a significant change occurred be- 
tween the time of the 1980 and 1981 fish surveys 
and the time of the 1983 fish survey as six fish 
species failed to  be recaptured in lower Oak 
Creek in the 1983 survey. 

Middle Oak Creek, which is defined as that portion 
of Oak Creek which encompasses the main stem 
between its confluences with the North Branch and 
the Mitchell Field drainage ditch, yielded between 
235 fish at Fish Survey Station No. 6 and 35 fish 
at Fish Survey Station No. 5. The 333 fish col- 
lected in the middle reaches of the main stem of 
Oak Creek are distributed among two pollution 
tolerant species -creek chub and brook stickle- 
backand  three very tolerant species--white 
sucker, fathead minnow, and central mudminnow. 
Figure 11 indicates that historical records for this 
portion of the Oak Creek watershed date back to 
1975. In 1975, seven species of fish were recorded 
in the middle reaches of Oak Creek: three tolerant 
species-green sunfish, creek chub, and brook 
stickleback--and four very tolerant species -black 
bullhead, white sucker, fathead minnow, and 
central mudminnow. In 1980, two species of fish 
were added to the 1975 list: one tolerant species- 
golden shinerand one very tolerant species-carp. 
No intolerant species were recorded in the middle 
reaches of Oak Creek since 1975. The loss of four 
species of fish, two tolerant species-green sunfish 
and golden shiner--and two very tolerant species- 
black bullhead and carp-in this reach of Oak 
Creek since 1980 also may represent a seasonal 
variation in the fish population, as well as a further 
decline in water quality conditions in the middle 
reaches of the Oak Creek main stem. 

Upper Oak Creek, which is defined as that portion 
of the main stem of Oak Creek above its conflu- 
ence with the North Branch of Oak Creek, yielded 
11 fish at  Fish Survey Station No. 8 and 10 fish at 
Fish Survey Station No. 9. The 21 fish collected in 
the upper reaches of the main stem of Oak Creek 
are distributed between a single pollution tolerant 
species --brook stickleback--and a single very 
tolerant species-fathead minnow. Figure 11 
indicates that historical records for this portion of 
the Oak Creek watershed date back to 1973. In 
1973, six species of fish were recorded in the upper 
reaches of Oak Creek. Subsequent fish surveys, in 
1975 and 1980, identified the same fish species in 
this reach as were found in the original 1973 fish 
survey: three tolerant species--creek chub, brook 
stickleback, and green sunfish-and three very 
tolerant species--central mudminnow, fathead 
minnow, and white sucker. No intolerant species 
have been recorded in the upper reaches of Oak 
Creek since 1973. The loss of four species of fish, 
two tolerant species green sunfish and creek 
chub-and two very tolerant species-white sucker 
and central mudminnow-since 1973 may repre- 
sent a seasonal variation in the fish population, as 
well as a further decline in water quality conditions 
in the upper reaches of the Oak Creek watershed. 

The sampling of the Mitchell Field drainage ditch 
portion of the Oak Creek watershed yielded 1 8  fish 
at Fish Survey Station No. 10 and 99 fish at  Fish 
Survey Station No. 11. The 117 fish collected in 
the Mitchell Field drainage ditch are distributed 
among two pollution tolerant species-brook 
stickleback and creek chub--and two very tolerant 
species-central mudminnow and fathead minnow. 
Figure 11 indicates that historical records for the 
Mitchell Field drainage ditch date back to 1975. In 
1975, six species of fish, three tolerant species- 
brook stickleback, creek chub, and green sunfish- 
and three very tolerant species-central mudmin- 
now, fathead minnow, and white sucker -were 
recorded in the Mitchell Field drainage ditch. 
However, in 1980, only a single tolerant species- 
brook stickleback-was collected. No intolerant 
species have been recorded in the Mitchell Field 
drainage ditch since 1975. The loss of two species 
of fish, one tolerant species-green sunfish-and 
one very tolerant species -white sucker-in this 
portion of the Oak Creek watershed since 1975 
may also represent a seasonal variation in the fish 
population, as well as a further decline in water 
quality conditions of the Mitchell Field drainage 
ditch. 



The North Branch, which enters the main stem of 
Oak Creek downstream of the Chicago, Mil- 
waukee, St. Paul & Pacific Railroad crossing, 
yielded between 112 fish at Fish Survey Station 
No. 12  and four fish at  Fish Survey Station No. 14. 
The 128 fish collected in the North Branch of Oak 
Creek are distributed among two pollution tolerant 
species-brook stickleback and creek chub-and a 
single very tolerant species -fathead minnow. 
Figure 11 indicates that historical records for this 
portion of the Oak Creek watershed date back to  
1975. In 1975, six species of fish, three tolerant 
species-brook stickleback, creek chub, and green 
sunfish-and three very tolerant species-central 
mudminnow, fathead minnow, and white sucker-- 
were recorded as present in the North Branch of 
Oak Creek. In 1980, only three species of fish, two 
tolerant species-brook stickleback and creek 
chub--and a single very tolerant species-fathead 
minnow--were collected. No intolerant species 
have been collected in the North Branch of Oak 
Creek since 1975. The loss of three species of 
fish, one tolerant species--green sunfish--and two 
very tolerant species-central mudminnow and 
white sucker-in the North Branch since 1975 
represents a decline in water quality conditions. 

As stated above, a healthy fish fauna should have a 
diversity of species spread over all three categories 
of pollution tolerance, with intolerant species 
being the most numerous. Furthermore, there 
should be representative fish species from several 
links in the food chain. In this regard, no large 
predator fish were found during the survey; the 
stream system's fishery is unbalanced in favor of 
small, pollution tolerant and very tolerant forage 
species. 

These data conform with the historical perspective 
reported above in that no resident intolerant 
species have been collected during the last 10  
years, indicating the unsuitable habitat changes and 
deteriorated water conditions which have occurred 
in the 50-year period between 1924 and 1973. This 
was a time of intensive agricultural, industrial, 
commercial, and housing developments within the 
watershed and suggests a strong cause and effect 
relationship. Siltation, stream realignment and 
channelization, the draining of wetlands, the use of 
pesticides and fertilizers, and excessive organic 
loading all have contributed to  the loss of fish and 
other aquatic life in Oak Creek since 1924. 

Similar conclusions regarding the polluted nature 
of the surface waters of the Oak Creek watershed 
can be reached from a survey of benthic organisms 

that inhabit the bottom sediments of the stream 
system. The findings of a benthic survey conducted 
by the Wisconsin Department of Natural Resources 
in October 1975 correspond with the findings of 
the recent fish surveys. Most of the benthic organ- 
isms were in the tolerant or very tolerant cate- 
gories, and the population densities and diversity 
were low, which would indicate polluted condi- 
tions in the stream system. 

The 1975 Wisconsin Department of Natural 
Resources Milwaukee River Basin Assessment for 
Milwaukee County indicates that toxic substances 
have been released into the stream system in the 
past. Also, in 1975 and 1976, there were five 
reported toxic substance spills; three were indus- 
trial spills and two were of commercial origin. 
Toxic levels of heavy metals such as zinc, mercury, 
chromium, and copper have been found in certain 
stream sediments in the Oak Creek watershed. 
These metals are known to cause death of fish and 
other small animals. Their action, however, may 
often be subtle, such as simply reducing reproduc- 
tion capabilities and, thus, causing a slow, gradual 
loss of fish and other aquatic species from the 
stream system. 

The nature of the stream bottom is also important 
in determining the abundance and distribution of 
fish species and their food items. Generally, 
gravelly or rocky bottoms provide more surface 
area for food items. Also, such sites are usually 
areas of faster water, causing silt to be flushed 
away and preventing animals and attached algae 
from being smothered. Certain fish species are 
naturally found in such areas--darters, stonerollers, 
suckers, and daces-taking advantage of the good 
food supply and clear, well-oxygenated water. 
Habitat observations (see Table 19) during the 
1983 survey indicate that there are suitable gravel- 
rocky riffle areas in the Oak Creek main stem 
stream reaches between the Chicago & North 
Western Railway (C&NW) and the estuary. While 
these sites looked promising when first ap- 
proached, they proved to be completely devoid of 
the expected riffle area fish species. It is known 
from the 1924 survey (Figure 11) that these riffle 
area fish species did indeed exist at one time in this 
stream reach. 

Fish survey stations located upstream of the 
C&NW crossing had bottom substrates composed 
of sand, silt, or clay, with slow water movement, 
much less conducive to  riffle species but adequate 
for a number of other fish species such as minnows 
and sunfishes-but again, the expected fish associa- 



tions were not found. It is probable that gravel 
riffles existed in the upper reaches of the stream as 
well, but excessive siltation caused by erosion, 
stream realignment and channelization, and surface 
runoff has buried them. As a result, the natural 
complement of fish species characteristic of other 
southeastern Wisconsin streams does not occur in 
Oak Creek. 

An assessment of the historical fish collection 
records and the 1983 fish survey of the Oak Creek 
watershed stream system indicates a highly de- 
graded fishery. The records show a 1924 "natural" 
fish population in which 43 percent of the fish 
species are intolerant to polluted conditions. 
However, 50 years later, no intolerant resident fish 
species occur, the population being composed 
entirely of tolerant and very tolerant fish. In 
addition, the reduction in the total number of 
different fish species, or diversity of fish, from 14 
species in 1924 to eight species in 1983 reflects a 
change in stream condition from a clean water 
environment, with many different niches for fish 
species to fit into a balanced system, to  a polluted 
condition that can support only a few pollution 
tolerant species. 

This destruction of a balanced fish population has 
been caused by numerous adverse stream and 
watershed conditions created by human activity. 
They include: 

1. The draining and filling of wetlands, which 
contributed to a loss of fish spawning, 
nursery, and feeding areas. 

2. The channelization and realignment of the 
stream system to accommodate flood 
flows, which created a uniform environ- 
ment where once there may have been 
great stream heterogeneity in the form of 
alternating riffles, pools, and runs. The 
uniform bottom type and water velocities 
limit the kinds of fish and reduce their 
food supply. 

3. Increased runoff from agricultural lands, 
roadsides, and construction sites which 
contributes silt and sedimentation to the 
stream, thereby filling pools, covering 
gravel beds and plants, clogging the gills of 
aquatic organisms, increasing turbidity, and 
interfering with the mating and feeding 
behavior of fish. 

4. A reduction of the water quality condi- 
tions, particularly dissolved oxygen lev- 
els, brought on by nutrient enrichment, 
municipal wastewater flow relief devices, 
industrial discharges, urban runoff, and 
accidental spills of toxic chemicals. 

5. The four-foot railroad bridge support on 
the North Branch, the dam in the Oak 
Creek Parkway, and the sandbar across the 
estuary. These obstructions prevent natural 
migration of fish species up and down 
the stream system, and into and out of 
Lake Michigan. This affects reproductive 
habits and the natural dispersal of fish. 
Recruitment of new species into depauper- 
ate areas is hampered or entirely prevented 
by these obstructions. Should water quality 
improve in the Oak Creek stream system, 
there is presently no way the fishery will 
restore itself naturally as long as these 
obstructions are in place. 

Wildlife Habitat: Since the settlement of the Oak 
Creek watershed by Europeans, there has been a 
sharp decrease in the variety and quantity of 
wildlife. This is a loss to  observers and photogra- 
phers of wildlife and affects the health and diver- 
sity of the total environment. Wildlife habitat 
areas were initially inventoried for the Commission 
by the Bureau of Research personnel of the Wis- 
consin Department of Natural Resources in 1963. 
This initial inventory was updated in 1970. In 
addition to providing a qualitative and quantitative 
description of the existing wildlife resources of the 
watershed, this inventory provided a basis for 
identifying those wildlife habitat areas that should, 
under the land use element of both the regional 
land use plan and the Oak Creek watershed plan, 
be preserved and protected. The findings of the 
wildlife inventory are summarized below. 

A total of 587 acres of wildlife habitat were 
identified within the watershed and value rated, 
as shown on Map 22. Each wildlife habitat area was 
categorized into one of the following three value 
ratings : 

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 



Map 22 

WILDLIFE HABITAT IN THE OAK CREEK WATERSHED: 1980 

LEGEND 

w MED'UM VALUE 

iml 
so SCUlRREL 

P PHEASANT 

S SONGslRO -s-.. i 
W WATERFOWL -& , - 
M MUSKRAT 

Since the settlement of the Oak Creek watershed by Europeans, there has been a sharp decrease in the variety and quantity of wildlife. A total 
of 587 acres of wildlife habitat were identified within the wsterrhed, of which 333 acres, or about 57 percent,are in the low-valuecategOW. 
The remaining 254 acres, or about 43 percent, are identified as medium.value wildlife habitat. There are no highvalue wildlife habitat areas 
within the watershed. 

Source: SEWRPC. 



located in proximity to other wildlife 
habitat areas. There are no high-value 
wildlife habitat areas within the watershed. 

2. Medium-Value Wildlife Habitat Areas- 
Medium-value wildlife habitat areas gen- 
erally lack one of the three criteria for a 
high-value wildlife habitat area. However, 
they retain a good plant and animal diver- 
sity. The Michael F. Cudahy Nature Pre- 
serve, Meyers Woods, and Falk Park woods 
located in the City of Oak Creek are 
examples of medium-value habitat areas. 

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 criteria for a high-value 
wildlife habitat area, but may, nevertheless, 
be important if located in proximity to 
medium- and/or high-value wildlife habitat 
areas, if they provide corridors linking 
higher value wildlife habitat areas, or if 
they provide the only available range in the 
area. The Rawson Park woods located in 
the City of South Milwaukee is typical of a 
low-value wildlife habitat area. 

bance. The wildlife habitats in the Oak Creek 
watershed were also classified according to the 
principal wildlife type to  which the habitats were 
suited. The wildlife types include deer, pheasant, 
waterfowl, muskrat-mink, songbird, squirrel, and 
mixed habitat. These designations were applied to  
help characterize a particular wildlife habitat area 
as meeting the requirements of the indicated 
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 
designated as a deer habitat may provide squirrel 
and songbird habitat as well. 

Table 21 indicates that in the Oak Creek water- 
shed, 333 acres, or about 57 percent of the wildlife 
habitat areas remaining in the watershed, are in the 
low-value category. A total of seven medium-value 
wildlife habitat areas, encompassing a total area of 
254 acres, remain in the watershed, located pre- 
dominantly in the upper reaches of the watershed 
between IH 94 and the western boundary of the 
watershed. As already noted, there are currently no 
high-value wildlife habitat areas in the Oak Creek 
watershed. 

Game and Nongame Wildlife Species: The fore- 
The factors considered in assigning value ratings to  going section described the quantity and quality 
wildlife habitat areas were: diversity of animaland of the remaining wildlife habitat in the Oak Creek 
plant species, territorial requirements of the spe- watershed. The following section explicitly de- 
cies, vegetative composition and structure, prox- cribes the remaining wildlife of the watershed. 
imity to other wildlife habitat areas, and distur- The wildlife population of the watershed consists 

Table 21 

WILDLIFE HABITAT I N  THE OAK CREEK WATERSHED: 1980 

Source: SEWRPC. 

80 

Municipality 

City of Cudahy 
City of Franklin 
City of Greenfield 
City of Milwaukee 
City of Oak Creek 
City of 

South Milwaukee 

Watershed Total 

High Value 

Acres 

-- 
-- 
-- 
-- 
-- 

-- 

-- 

Medium Value Low Value 

Percent 
of 

Total 

-- 
-- 
-- 
-- 
-- 

-- 

Acres 

-- 

35 
-- 
-- 

2 19 

-- 

254 

Acres 

-- 
-- 
-- 
-- 

215 

118 

333 

Total 

Percent 
of 

Total 

-- 
6 
-- 
-- 

37 

-- 

43 

Percent 
of 

Total 

-- 
-- 
-- 
-- 

37 

20 

57 

Acres 

-- 
35 

-- 
-- 

434 

118 

587 

Percent 
of 

Total 

-- 
6 
-- 
-- 

74 

20 

1 00 



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 exception of fish, which are described 
in an earlier section of this chapter. 

Game species of wildlife include those for which 
there generally are established hunting or trapping 
seasons with rules which regulate the numbers and 
types of individuals of harvest and methods by 
which they may be harvested. It is noted that 
harvesting of game species is prohibited in certain 
areas because of the proximity of large human 
populations, such as in the Oak Creek watershed, 
and the safety hazards associated with the dis- 
charge of firearms. Besides being harvested, these 
animals also provide aesthetic values which are 
enjoyed by both hunters and nonhunters. Exam- 
ples of these types of animals are white-tailed deer, 
cottontail rabbit, red fox, many species of migra- 
tory waterfowl, and many species of fish. Non- 
game species of wildlife include those for which 
there are laws which preclude their harvest. The 
principal value of these species is their aesthetic 
appeal which is enjoyed by the hunting and non- 
hunting segments of the population. Examples of 
these types of animals are songbirds, birds of prey, 
and endangered or threatened species of fish, 
reptiles, amphibians, birds, and mammals. 

Although a field inventory of amphibians, reptiles, 
birds, and mammals was not conducted as a part of 
the Oak Creek watershed study, it is possible by 
using existing information such as the records of 
the Milwaukee County Public Museum and by 
polling naturalists and wildlife managers familiar 
with the watershed to prepare a list of the amphib- 
ians, reptiles, birds, and mammals which should 
be found in the watershed under existing condi- 
tions. The collation of the wildlife data involved 
obtaining lists of those amphibians, reptiles, birds, 
and mammals known to have existed, and to exist, 
in the southern portion of Milwaukee County; 
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 normally 
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 account for the 
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 
components of the ecologic system of an environ- 
mental unit like the Oak Creek watershed. Am- 
phibians native to the watershed include frogs, 
toads, and salamanders. Turtles and snakes are 
reptiles common to the Oak Creek watershed. 
Table 22 lists the nine amphibian and 15 reptile 
species normally present in the Oak Creek water- 
shed and identifies those species most sensitive to 
urbanization. 

Most amphibians and reptiles have definite habitat 
requirements which are adversely affected by 
certain agricultural land management practices, as 
well as by advancing urban development. One of 
the major threats to the maintenance of amphibian 
populations in a changing environment is the 
destruction of breeding ponds. Many types of frogs 
and salamanders 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 main- 
tained. Toads are somewhat of an exception in 
this respect in that they can better adapt to the 
changes in environment which normally accom- 
pany urbanization than can other species of 
amphibians. 

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

Certain amphibians and reptiles are particularly 
susceptible to changes in food sources brought 
about by urbanization. Populations of the western 
fox snake and eastern milk snake, for example, are 
very likely to be reduced over time in the water- 
shed because of the potential reduction of the 
species of rodents upon which they prey. 

Birds: A large number of birds representing many 
species, ranging in size from large game birds to 
small songbirds, are found in the Oak Creek 
watershed. Table 23 lists those birds that would 
normally be expected to occur in the watershed. 
Each bird is classified as to  whether it is likely to  



Table 22 

AMPHIBIANS AND REPTILES LIKELY TO OCCUR 
IN THE OAK CREEK WATERSHED: 1980 

NOTE: The technique used in collating the amphibian and reptile 
species involved associating known co,unty records with the 
historic and remaining habitat areas in the  watershed. 

Scientific (family) and 
Common Name 

a Identified as threatened in Wisconsin. 

Source: SEWRPC. 

Species Reduced 
or Dispersed with 

Full Watershed 
Urbanization 

breed within the watershed, visits the watershed 
during the annual migration periods, or spends 
winter within the watershed. 

Species Lost 
with Full 

Watershed 
Urbanization 

Amphibians 

Game birds which are likely to occur in the water- 
shed include the pheasant, woodcock, common 

Necturidae 
Mudpuppy . . . . . . . . . .  

Ambystomatidae 
Blue-Spotted Salamander. . 
Eastern Tiger Salamander. . 

Bufonidae 
American Toad . . . . . . .  

Hy lidae 
Northern Spring Peeper. . .  
Easterh Gray Treefrog . . .  
Western Chorus Frog . . . .  

Ranidae 
Green Frog. . . . . . . . . .  
Northern Leopard Frog. . .  

snipe, rail, duck, coot, and geese. The fall pheasant 
population within the watershed is irregularly 
distributed, but moderate populations live in the 
larger existing habitats. These populations are a 
factor of both the available habitat and the lack of 
hunting pressure in the watershed. 

There is a significant population of waterfowl near 
the estuary portion of the watershed, especially 
mallards and teal. Larger numbers of waterfowl 
move through during migration when most of the 
regional species may also be present. The Oak 
Creek estuary constitutes an important wintering 
area for migratory waterfowl such as oldsquaw, 
bufflehead, goldeneye, and scaup. The open water 
present during the mid-winter period provides a 
resting area and source of food for those waterfowl 
species which spend the nonbreeding portion of 
their annual life cycle in the Region. Other species 
of water-based birds which may occur in the 
watershed include herons, sandpipers, gulls, plo- 
vers, and terns. Most of the waterfowl, shore birds, 
and wading birds may be expected to  be found in 
and adjacent to the Oak Creek estuary. The num- 
bers and diversity of the migratory gamebirds 
which occur in the watershed can be attributed to  
migration patterns associated with the Mississippi 
flyway, in which the watershed is located, as well 
as more localized migration corridors which coin- 
cide with the Lake Michigan shoreline. 

X 

X 

X 

X 

X 

Because of the mixture of lowland and upland 
woodlots, meadows, and agricultural lands still 
present in the watershed, along with the favorable 
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-winged blackbirds, orioles, cardinals, and 
mourning doves, as well as those species mentioned 
above, serve as subjects for bird watchers and 
photographers. 

X 

X 
X 

X 

Reptiles 

Not all birds are viewed as an asset from an ecolog- 
ical, 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. 
House sparrows, starlings, grackles, and pigeons 
have replaced the more desirable birds in certain 
areas of the watershed because of their great 
tolerance for and adaptability to  urban conditions. 

Chelydridae 
Common Snapping Turtle . 

Kinosternidae 
Musk Turtle (stinkpot) . . .  

Emydidae 
Midland Painted Turtle . . .  
Western Painted Turtle . . .  
Blanding's ~ u r t l e ~ .  . . . . .  

Colubridae 
Northern Water Snake . . .  
Northern Brown Snake.  . .  
Red-Bellied Snake. . . . . .  
Eastern Garter Snake . . . .  
Chicago Garter Snake. . . .  
Prairie (Plains) 

Garter Snake . . . . . . . .  
Butler's Garter Snake . . . .  
Eastern Smooth 

Green Snake . . . . . . . .  
Western Fox Snake . . . . .  
Eastern Milksnake . . . . .  

X 

X 

X 
X 

X 
X 
X 
X 
X 

X 
X 

X 

X 
X 
X 



Mammals: A variety of mammals, ranging in size 
from large animals like the northern white-tailed 
deer to  small animals like the American pygmy 
shrew occur in the Oak Creek watershed. Table 24 
lists 32 mammals likely to occur in 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, 
woodchuck, muskrat, mink, weasel, raccoon, red 
fox, skunk, and opossum. The first three are often 
considered game mammals, while the balance are 
classified as fur-bearing mammals. 

White-tailed deer generally occur in the larger 
wooded areas in the southern and western portions 
of the watershed. The open meadows and crop- 
lands adjacent to the woodlots, as well as the shrub 
cams, are also utilized by deer. Human population 
and associated activities create a stress condition 
for the deer population. Deer populations and 
urban conditions are incompatible. When deer 
wander or are forced into residential, commercial, 
or industrial areas, they typically exhibit 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 automobile 
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. Although rabbit 
hunting is prohibited throughout the watershed, 
the abundance and activity patterns of rabbits 
often result in their being one of the most widely 
viewed mammals in the watershed. However, large 
populations may cause local problems for gar- 
deners in some areas of the watershed. There is also 
an abundance of gray squirrels in the watershed. 
The gray squirrel is found primarily in woodlots 
and wooded residential sections. Trees of some 
maturity are required by gray squirrels because 
natural cavities in such trees are needed both for 
the rearing of young and for winter protection. 
Gray squirrels also construct leaf nests called drays 
which are used throughout the year for cover and 
nursery areas for the young. 

Although there are no data available on the actual 
number of fur-bearing mammals in the watershed, 
muskrat and mink populations are believed to be 
relatively low because of the limited extent of the 

remaining wetlands. 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. 

The raccoon is associated with the woodland areas, 
and large populations are reported within the Oak 
Creek 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, and good populations are 
known to occur in and adjacent to the watershed. 
Occasionally, red fox will wander into more urban 
portions of the watershed. Most people are tolerant 
of the fox because of its aesthetic appeal, while 
others, less well-informed, consider it a threat to  
other wildlife. 

Southern woodchucks are commonly found in 
the watershed. They prefer the edges of brushy 
woodlands, particularly near open fields and crop- 
lands. The woodchuck is an extensive burrower. 
Abandoned woodchuck burrows are often occu- 
pied by other mammals, such as cottontail rabbits 
or skunks, and even red fox. The woodchuck's diet 
consists mainly of green vegetable material. Be- 
cause of its diet, some farmers have reported crop 
damage in some portions of the watershed. 

Skunks and opossums are common watershed 
fur-bearers. Both of these mammals inhabit wood- 
land areas bordering farmlands and urban fringe 
development and venture into wetlands in search 
of food. 

Small mammals relatively common in the water- 
shed 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 



Table 23 

BIRDS LIKELY TO OCCUR IN  THE OAK CRE6K WATERSHED 

Scientific (family) 
and Common Name 

Podicipedidae 
Pied-Billed Grebe . . . . . . . . . . . .  

Ardeidae 
Least Bittern. . . . . . . . . . . . . . .  
Great Blue Heron . . . . . . . . . . . .  
Green-Backed ~ e r o n ~  . . . . . . . . .  
BlackCrowned Night-Heron. . . . . .  
YellowCrowned Night-Heron . . . . .  

Anatidae 
Tundra Swan . . . . . . . . . . . . . .  
Canada Goose . . . . . . . . . . . . . .  
Wood h c k a .  . . . . . . . . . . . . . .  
Green-Winged Teal . . . . . . . . . . .  
American Black Duck . . . . . . . . .  
~ a l l a r d ~  . . . . . . . . . . . . . . . . .  
Northern Pintail. . . . . . . . . . . . .  
Blue-Winged ~ e a l ~  . . . . . . . . . . .  
Northern Shoveler . . . . . . . . . . .  
American Wigeon . . . . . . . . . . . .  
Redhead . . . . . . . . . . . . . . . . .  
Ring-Necked Duck . . . . . . . . . . .  
Greater Scaup . . . . . . . . . . . . . .  
Lesser Scaup. . . . . . . . . . . . . . .  
Old Squaw. . . . . . . . . . . . .  : . .  
Common Goldeneye . . . . . . . . . .  
Bufflehead . . . . . . . . . . . . . . . .  

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

Accipitridae 
Osprey . . . . . . . . . . . . . . . . . .  
Bald Eagle . . . . . . . . . . . . . . . .  
Northern Harrier . . . . . . . . . . . .  
Sharp-Shinned Hawk. . . . . . . . . .  
Cooper's Hawk . . . . . . . . . . . . .  
Northern Goshawk . . . . . . . . . . .  
Red-Shouldered Hawk . . . . . . . . .  
Broad-Winged Hawk . . . . . . . . . .  
Red-Tailed ~ a w k ~  . . . . . . . . . . .  
Rough-Legged Hawk . . . . . . . . . .  

Falconidae 
American ~ e s t r e l ~  . . . . . . . . . . .  
Merlin . . . . . . . . . . . . . . . . . .  
Peregrine Falcon . . . . . . . . . . . .  

Phasianidae 
Ring-Necked pheasantb 

(introduced) . . . . . . . . . . . . . .  
Rallidae 

Virginia i3aila . . . . . . . . . . . . . .  
soraa . . . . . . . . . . . . . . . . . . .  
Common Moorhen . . . . . . . . . . .  
American Coot . . . . . . . . . . . . .  

Gruidae 
Sandhill Crane. . . . . . . . . . . . . .  

Charadriidae 
Black-Bellied Plover. . . . . . . . . . .  
Lesser GoldenPlover . . . . . . . . . .  
Semipalmated Plover . . . . . . . . . .  
 illd deer^. . . . . . . . . . . . . . . . .  

Scolopacidae 
Greater Yellowlegs . . . . . . . . . . .  
Lesser Yellowlegs . . . . . . . . . . . .  
Solitary Sandpiper . . . . . . . . . . .  
Spotted sandpiperb. . . . . . . . . . .  
Upland Sandpiper. . . . . . . . . . . .  
Ruddy Turnstone. . . . . . . . . . . .  
Red Knot . . . . . . . . . . . . . . . .  
Sanderling . . . . . . . . . . . . . . . .  
Semipalmated Sandpiper. . . . . . . .  
Pectoral Sandpiper . . . . . . . . . . .  
Dunlin . . . . . . . . . . . . . . . . . .  
Common Snipe . . . . . . . . . . . . .  

Scientific (family) 
and Common Name 

American woodcocka . . . . . . . . .  
Wilson's Phalarope . . . . . . . . . . .  

Laridae 
Ring-Billed Gull. . . . . . . . . . . . .  
Herring Gull . . . . . . . . . . . . . . .  
Caspian Tern. . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Common Tern. 
Forster's Tern . . . . . . . . . . . . . .  
Black Tern. . . . . . . . . . . . . . . .  

Columbidae 
. . . . . . . . . . . . . . .  Rock Dove. 

. . . . . . . . . . . . .  Mourning Dove 
Cuculidae 

. . . . . . . . .  Black-Billed cuckooa. 
Yellow-Billed cuckooa. . . . . . . . .  

Stirigidae 
. . . . . . . . .  Eastern ~ c r e e c h - 0 ~ 1 ~  

. . . . . . . . . .   rea at ~ o r n e d  owla. 
Snow Owl . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Barred owla 
Long-Eared Owl. . . . . . . . . . . . .  
Short-Eared Owl . . . . . . . . . . . .  
Northern Saw-Whet Owl . . . . . . . .  

Caprimulgidae 
. . . . . . . . . .  Common Nighthawk 

. . . . . . . . . . . . .  Whipgoor-will. 
Apodidae 

. . . . . . . . . . . . .  Chimney Swift 
Trochilidae 

. . . .  Ruby-Throated Hummingbird. 
Alpdinidae 

. . . . . . . . . . .  Belted ~ ing f i she r~  
Picidae 

. . . . . .  ~ e d - ~ e a d e d  woodpeckerb. 
Red-Bellied woodpeckerb . . . . . . .  
Yellow-Bellied Sapsucker . . . . . . .  

. . . . . . . . .  Downy woodpeckerb. 
. . . . . . . . . .  Hairy woodpeckerb. 

Northern ~ l i c k e r ~ .  . . . . . . . . . . .  
Tyrannidae 

OliveSided Flycatcher. . . . . . . . .  
. . . . . . . . .  Eastern wood-peweeb 

Yellow-Bellied Flycatcher . . . . . . .  
Acadian Flycatcher. . . . . . . . . . .  

. . . . . . . . . . . .  Alder Flycatcher 
. . . . . . . . . . .  Willow ~ lycatcher~ 

Least Flycatcher . . . . . . . . . . . .  
. . . .  Eastern phoebea. . . 

Great Crested FI catcherb: : : : : . . '6 . . . . . . . . . . . .  Eastern Kingbird 
Alaudidae 

Horned k ark^ . . . . . . . . . . . . . .  
Hirundinidae 

. . . . . . . . . . . . .  Purple k art in^ 

. . . . . . . . . . . . .  Tree k wallow^. 
. .  Northern Rough-Winged Swallow. 

. . . . . . . . . . . . .  Bank  wallow^ 

. . . . . . . . . . . . .  cl i f f  SW~I IOW~.  

. . . . . . . . . . . . . .  Barn  wallow^. 
Corvidae 

Blue Jay . . . . . . . . . . . . . . . . .  
American Crow . . . . . . . . . . . . .  

Paridae 
. . . . . . .  Blackcapped chickadeeb 

. . . . . . . . . . . .  Tufted Titmouse 
Sittidae 

Red-Breasted Nuthatch. . . . . . . . .  
White-Breasted Nuthatch. . . . . . . .  

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

Breeding 
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Table 23 (continued) 

Scientific (family) 
and Common Name 

Troglodytidae 
Carolina Wren . . . . . . . . . . . . . .  
House Wren . . . . . . . . . . . . . . .  
Winter Wren . . . . . . . . . . . . . . .  
sedge wrena. . . . . . . . . . . . . . .  
Marsh wrena. . . . . . . . . . . . . . .  

Musicapidae 
GoldenCrowned Kinglet. . . . . . . .  
Ruby-Crowned Kinglet. . . . . . . . .  
Blue-Gray ~ n a t c a t c h e r ~  . . . . . . . .  
Eastern Bluebirda . . . . . . . . . . . .  
veerya . . . . . . . . . . . . . . . . . .  
Graycheeked Thrush . . . . . . . . .  
Swainson's Thrush . . . . . . . . . . .  
Hermit Thrush. . . . . . . . . . . . . .  
Wood ~ h r u s h ~ .  . . . . . . . . . . . . .  
American Robin. . . . . . . . . . . . .  

Mimidae 
Gray Catbird. . . . . . . . . . . . . . .  
Northern Mockingbird . . . . . . . . .  
Brown ~ h r a s h e r ~  . . . . . . . . . . . .  

Motacillidae 
Water Pipit. . . . . . . . . . . . . . . .  

Bombycillidae 
Bohemian Waxwing. . . . . . . . . . .  
Cedar Waxwing . . . . . . . . . . . . .  

Laniidae 
Northern Shrike. . . . . . . . . . . . .  

Sturnidae 
European Starling. . . . . . . . . . . .  

Vireonidae 
White-Eyed Vireo. . . . . . . . . . . .  
Solitary Vireo . . . . . . . . . . . . . .  
Yellow-Throated vireoa . . . . . . . .  
Warbling Vireo . . . . . . . . . . . . .  
Philadelphia Vireo . . . . . . . . . . .  
Red-Eyed vireob . . . . . . . . . . . .  

Emberizidae 
Blue-Winged warblera . . . . . . . . .  
Golden-Winged Warbler . . . . . . . .  
Tennessee Warbler . . . . . . . . . . .  
Orange-Crowned Warbler. . . . . . . .  
Nashville Warbler . . . . . . . . . . . .  
Northern Parulg. . . . . . . . . . . . .  
Yellow Warbler . . . . . . . . . . . .  
Chestnut-Sided warblera. . . . . . . .  
Magnolia Warbler . . . . . . . . . . . .  
Cape May Warbler. . . . . . . . . . . .  
Black-Throated Blue Warbler . . . . .  
Yellow-Rumped Warbler. . . . . . . .  
Black-Throated Green Warbler . . . .  
Blackburnian Warbler. . . . . . . . . .  
Pine Warbler. . . . . . . . . . . . . . .  
Palm Warbler . . . . . . . . . . . . . .  
Bay-Breasted Warbler. . . . . . . . . .  
Blackpoll Warbler. . . . . . . . . . . .  
Cerulean Warbler . . . . . . . . . . . .  
Black-and-white warblera . . . . . . .  
American ~ e d s t a r t ~ .  . . . . . . . . . .  
Prothonotary Warbler . . . . . . . . .  
ovenbirda . . . . . . . . . . . . . . . .  
Northern Waterthrush . . . . . . . . .  
Louisiana Waterthrush . . . . . . . . .  
Kentucky Warbler. . . . . . . . . . . .  
Connecticut Warbler . . . . . . . . . .  
Mourning warblera . . . . . . . . . . .  
Common  ello ow throat^ . . . . . . . .  
Hooded Warbler. . . . . . . . . . . . .  
Wilson's Warbler. . . . . . . . . . . . .  

Breeding: Nesting species (nonnesting species present in summer are 
not included) 

Wintering: Present January-February 
Migrant: Spring and/or fall transient 

Scientific (family) 
and Common Name 

Emberizidae (continued) 
Canada warblera . . . . . . . . . . . .  
Yellow-Breasted Chat. . . . . . . . . .  
Scarlet ~ a n a g e r ~ .  . . . . . . . . . . . .  
Northern Cardinal. . . . . . . . . . .  
Rose-Breasted ~rosbeak' . . . . . . .  
Indigo Buntingb. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Dickcissel 
RufousSided ~ o w h e e ~ .  . . . . . . . .  
American Tree Sparrow . . . . . . . .  
Chipping Sparrow. . . . . . . . . . . .  
Clay-Colored Sparrow . . . . . . . . .  
Field sparrowa . . . . . . . . . . . . .  
Vesper sparrowa . . . . . . . . . . . .  
Savannah sparrowa. . . . . . . . . . .  
Grasshopper Sparrow. . . . . . . . . .  
Henslow's sparrowa . . . . . . . . . .  
LeConte's Sparrow . . . . . . . . . . .  
Fox Sparrow. . . . . . . . . . . . . . .  
Song sparrowb . . . . . . . . . . . . .  
Lincoln's Sparrow. . . . . . . . . . . .  

. . . . . . . . . . . .  Swamp sparrowa 
White-Throated Sparrow. . . . . . . .  
White-Crowned Sparrow . . . . . . . .  
Harris' Sparrow . . . . . . . . . . . . .  
Dark-Eyed Junco . . . . . . . . . . . .  
Lapland Longspur. . . . . . . . . . . .  
Snow Bunting . . . . . . . . . . . . . .  
Bobolinka . . . . . . . . . . . . . . . .  
Red-Winged Blackbirdb . . . . . . . .  
Eastern ~ e a d o w l a r k ~ .  . . . . . . . . .  
Western ~ e a d o w l a r k ~  . . . . . . . . .  
Yellow-Headed Blackbird . . . . . . .  
Rusty Blackbird. . . . . . . . . . . . .  
Brewer's Blackbird . . . . . . . . . . .  
Common Grackle . . . . . . . . . . .  
Brown-Headed cowbirdb' . . . . . . .  
Orchard Oriole . . . . . . . . . . . . .  
Northern Oriole. . . . . . . . . . . . .  

Fringillidae 
Pine Grosbeak. . . . . . . . . . . . . .  
Purple Finch. . . . . . . . . . . . . . .  
Red Crossbill . . . . . . . . . . . . . .  
WhiteYVinged Crossbill. . . . . . . . .  
Common Redpoll. . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Pine Siskin 
American Goldfinch . . . . . . . . . .  
Evening Grosbeak. . . . . . . . . . . .  

Ploceidae 
House Sparrow . . . . . . . . . . . . .  

X - present, not  rare 
R - rare 
V - vagrant (not regularly occurring in southeastern Wisconsin) 

N A  - not applicable 
(T) - threatened species in Wisconsin 
(E) - endangered species in Wisconsin (bald eagle also U. S. threatened, 

peregrine falcon also U. S. endangered) 
? - seasonal status uncertain 
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Table 24 

MAMMALS LIKELY TO OCCUR IN THE 
OAK CREEK WATERSHED: 1980 

Scientific (family) and Common Name 

Didelphidae 
Virginia Opossum 

Soricidae 
Cinereous Shrew 
Smoky Shrew 
American Pigmy Shrew 
Short-Tailed Shrew 

Vespertilionidae 
Litt le Brown Bat 
Silver-Haired Bat 
Big Brown Bat 
Red Bat 
Hoary Bat 

Leporidae 
Mearn's Cottontail 

Sciuridae 
Southern Woodchuck 
Striped Ground Squirrel (gopher) 
Ohio Chipmunk 
Minnesota Gray Squirrel 
Western Fox Squirrel 
Red Squirrel 
Southern Flying Squirrel 

Cricetidae 
Prairie Deer Mouse 
Northern White-Footed Mouse 
Meadow Vole 
Common Muskrat 

Muridae 
Norway Rat (introduced) 
House Mouse (introduced) 

Zapodidae 
Meadow Jumping Mouse 

Canidae 
Eastern Red Fox 
Gray Fox 

Procyonidae 
Upper Mississippi Valley Raccoon 

Mustelidae 
New York Long-Tailed Weasel 
Upper Mississippi Valley Mink 
Northern Plains Skunk 

Cervidae 
Northern White-Tailed Deer 

Source: SEWRPC 

importance from insect predators and food sources 
for larger mammals and raptors-hawks and owls - 
to pests in croplands, gardens, and lawns. 

Overview: As a result of urban and agricultural 
activity and the associated decrease in woodlands, 
wetlands, prairies, and other natural areas, wildlife 
habitat in the Oak Creek watershed has been 
seriously depleted. The habitat that remains 

generally 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 encroached upon by 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 in 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. 

In order to maintain, and even increase, the 
existing remnants of wildlife populations within 
the watershed, the required amount, type, and 
pattern of habitat must be achieved, and a land use 
pattern must be established within the watershed 
thaf preserves the remaining valuable wildlife 
habitat. I t  is necessary to  remember that all wild- 
life 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 this area, that 
which does remain has the potential to  signifi- 
cantly contribute to the quality of life in the 
watershed. If selected wildlife habitat areas are 
protected and properly managed, or if new wildlife 
habitat areas are created, sufficient wildlife popu- 
lations can be maintained within the watershed to 
provide significant aesthetic, ecological, educa- 
tional and research, and recreational value. 

Observation Value: Wildlife habitat areas, with 
their usual variety and richness of vegetal types, 
have an inherent gesthetic value in thewatershed. 
This aesthetic value is heightened if the wildlife 
habitats are in proximity to urban development 
and can, therefore, provide a welcome and restful 
visual contrast to the urban scene. The aesthetic 
impact of wildlife habitat areas 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 water- 
shed, as illustrated by the Michael F. Cudahy 
Nature Preserve, and the Falk and Rawson County 
Park woods. Opportunities for similar aesthetic 
experiences could be provided in the portions of 
the watershed west of IH 94 and along the stream 
reaches located adjacent to Oak Creek between 
15th Avenue and S. 13th Street (CTH V). These 
portions of the watershed contain a variety of low- 
and medium-value wildlife habitat areas, most of 
which are in private ownership. However, these 
areas 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 "de- 
sirable" wildlife species such as songbirds exist 
but which is devoid of "troublesome" members of 
the animal community such as insect pests. How- 
ever, 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 biolog- 
ically 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 particu- 
larly important in this respect. If adequately 
protected and properly managed, the remaining 

wildlife habitat in the watershed has the poten- 
tial to provide the minimum elements needed to  
maintain a relatively healthy ecologic system. 

Education and Research Function: Wildlife popu- 
lations in the context of their natural habitat are 
valued by educators, naturalists, and researchers 
as objects of observation and study. The remain- 
ing wildlife and wildlife habitat of the Oak Creek 
watershed have the potential to meet the educa- 
tional needs of watershed residents if selected sites 
throughout the basin are protected through 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 Oak Creek 
watershed provided that sufficient habitat is 
preserved. 

Park and Open Space Sites 
An inventory of existing park and open space sites 
in the Oak Creek watershed was conducted under 
the watershed planning program. This inventory 
indicated that there were a total of 34 park and 
open space sites within the watershed, totaling 
1,686 acres (2.63 square miles), or about 9 percent 
of the total area of the watershedg The spatial 
distribution of existing parks and open space sites 
is shown on Map 23. Of the total 34 sites, or 1,686 

The 2.63 square miles o f  existing park and open 
space sites in the watershed as inventoried under 
the Oak Creek watershed planning program is 1.86 
square miles, or 242 percent, greater than the 0.77 
square mile of recreational land inventoried in 
1980 under the Commission's continuing land use 
study. This difference is attributed to an owner- 
ship-based definition of park, recreation, and open 
space used in the former inventory, contrasted 
with a land use-oriented definition o f  recreation in 
the latter inventory. For example, a woodland 
owned by Milwaukee County and contained within 
a county park was considered part o f  a park and 
open space site in the park and open space sites 
inventory, but was not so included in the land use 
inventory because the use was identified as "wood- 
land" rather than "recreation." 



Map 23 

EXISTING,PARK AND OPEN SPACE SITES IN THE OAK CREEK WATERSHED: 1980 
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A total of 34 park and open space rites encompassing 1,686acres exist in the Oak Creek watershed. About 95 percent of this land is owned by 
public entitier such as the County and cities. The remainder ate owned by nonpublic entities. 

Source: SEWRPC. I%. .- 



acres, public ownership accounts for 27 sites 
covering 1,610 acres, or 95 percent of the total 
acreage. Nonpublic ownership accounts for the 
remaining seven sites encompassing 76 acres, or 5 
percent of the total acreage. Of the 1,610 acres of 
park and open space sites in public ownership, 
1,353 acres, or about 84 percent, are owned 
by Milwaukee County. 

Environmental Corridors 
One of the most important tasks completed under 
the regional planning effort has been the identifica- 
tion and delineation of those areas of the Region in 
which concentrations of recreational, aesthetic, 
ecological, and cultural resources occur, resources 
which should be preserved and protected. Such 
areas normally include one or more of the follow- 
ing seven elements of the natural resource base 
which are essential to the maintenance of both the 
ecological balance and natural beauty of the 
Region: 1)  lakes, rivers, and streams and their 
associated shorelands and floodlands; 2) wetlands; 
3) woodlands; 4) prairies; 5) wildlife habitat areas; 
6) wet, poorly drained, or organic soils; and 7) 
rugged terrain and high-relief topography. While 
the foregoing elements comprise the integral parts 
of the natural resource base, there are five addi- 
tional 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 
sites; 4) significant scenic areas and vistas; and 5) 
natural and scientific areas. 

The delineation of these 12 natural resource and 
natural resource-related elements on a map results 
in a pattern of relatively narrow, elongated areas 
which have been termed "environmental corridors" 
by the Commission. Primary environmental corri- 
dors include a wide variety of such important 
resource and resource-related elements and are at 
least 400 acres in size, two miles in length, and 200 
feet in width. Secondary environmental corridors 
connect with primary environmental corridors, and 
are at least 100 acres in size and one mile in length. 

In any consideration of the importance of envi- 
ronmental corridors to the overall ecological health 
of an area, it is important to point out that because 
of the many interacting relationships existing 
between living organisms and their environment, 
the deterioration or destruction of one important 

element of the environment may lead to a chain 
reaction of further deterioration and destruction 
of other elements. 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 floodwater storage areas of 
interconnecting stream systems. 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 may depend. 
Similarly, the destruction of woodland cover may 
result in soil erosion, stream siltation, more rapid 
runoff, and increased flooding, as well as the loss 
of wildlife habitat. Although the effects of any one 
of these environmental changes may not in and of 
itself be overwhelming, the combined 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 within the Oak 
Creek watershed should thus be apparent. 

Primary Environmental Corridors: The primary 
environmental corridors in the Oak Creek water- 
shed are located along the lower reaches of the 
main stem of Oak Creek in the Cities of Oak Creek 
and South Milwaukee, and in an area encompassing 
the larger remaining wetlands and woodlands in the 
southeastern corner of the watershed in the City of 
Oak Creek. These primary environmental corridors 
contain most of the remaining valuable woodlands, 
wetlands, and wildlife habitat areas in the water- 
shed; are, in effect, a composite of the best indi- 
vidual elements of the natural resource base; and 
have truly immeasurable environmental and 
recreational value. The protection of the primary 
environmental corridors from intrusion by incom- 
patible 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 considered 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 24, about 447 acres, or 3 percent 
of the total watershed area, are encompassed 
within the primary environmental corridors. 



LEGEND 

PRIMARY ENVIRONMENTAL CORRIDOR 

SECONDARY ENVIRONMENTAL CORRlWR 

ISOLbTED NATURAL AREA 

t l u  -- 
Environmental corridors encompass almost all of the remaining valuable woodlands, wetlands, and wildlife habitat areas in the watershed, 
as well as many of the streams and associated undeveloped rhorelands and floodlands; the significant topographic and geologic formations; 
and important ecological, recreational, historic, and cultural resources of the watershed. Primary environmental corridors in the watershed 
include a wide variety of there important resources and are located along the lower reaches of the main stem of Oak Craek in the cities of 
Oak Creek and South Milwaukee, and in an area encompassing the larger remaining wetlands and woodlands in the southeastern corner of the 
watershed in the City of Oak Creek. Secondary environmental corridors, which generally are lao diverse and smaller in size than the primary 
environmental corridors, also include important resourcesand are located in the upper reaches of the main stem of Oak Creak,along the North 
Branch of Oak Creek, along the Mitchell Field Drainage Ditch, and along several intermittent streams tributary to Oak Creek and the North 
Branch of Oak Creek. The preservation of the natural resources encompassed within the environmental corridors and the Protection of such 
corridors from intrusion by incompatible rural and urban uses, and thereby from degradation and destruction, should beone of the Principal 
objectives of the watershed planning program. In addition to the primary and secondary environmental corridors, other pockets of important 
natural resources exist within the watershed. Such pockets of isolated natural areas-which may provide the.only available wildlife habitat in 
an area, which provide good locations for local parks and nature study areas, and which lend unique aesthetic character and natural diversity 
to an area-should also be preserved and protected whenever possible. 

Source: SEWRPC. 
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A comparison of the area of primary environ- 
mental corridor land as a percentage of the area of 
the watershed with the percentage of primary envi- 
ronmental corridor land in the County and the 
Region indicates that a relatively small area of the 
watershed has been classified as primary environ- 
mental corridor. About 6 percent of the total area 
of Milwaukee County is in primary environmental 
corridor, and about 1 7  percent of the total area of 
the Region is in primary environmental corridor. 
The importance of preserving the remaining 
primary environmental corridor lands in the Oak 
Creek watershed in natural, open uses is thus 
apparent. 

Secondary Environmental Corridors: The secon- 
dary environmental corridors in the Oak Creek 
watershed are located along the upper reaches of 
the main stem of Oak Creek upstream of the 
primary environmental corridors along Oak Creek, 
along the North Branch of Oak Creek, and along 
several intermittent streams tributary to Oak Creek 
and the North Branch of Oak Creek. These secon- 
dary environmental corridors contain a variety of 
resource elements, often remnant resources from 
primary environmental corridors which have 
been developed for intensive agricultural or urban 
purposes. Secondary environmental corridors facil- 
itate 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 24, about 1,152 acres, or 6 
percent of the watershed, are encompassed within 
secondary environmental corridors. About 2 
percent of the total area of Milwaukee County is in 
secondary environmental corridor, and about 3 
percent of the total area of the Region is in secon- 
dary environmental corridor. 

Isolated Natural Areas: In addition to  the primary 
and secondary environmental corridors, smaller 
concentrations of natural resource base elements 
exist within the watershed area. Although these 
concentrations are isolated from the environmental 
corridors by urban development or agricultural 
uses, they may have important natural values. 
Isolated natural areas may provide the only avail- 
able 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. These isolated natural areas 

should also be protected and preserved in their 
natural state whenever possible. Isolated areas 
within the watershed are shown on Map 24. About 
222 acres, or 1 percent of the watershed area, are 
encompassed within isolated natural areas that are 
five acres or greater in size. About 2 percent of the 
total area of Milwaukee County is in isolated 
natural areas, and about 2 percent of the total area 
of the Region is in isolated natural areas. 

SUMMARY 

The Oak Creek 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 
favorable or unfavorable impact of those changes 
on the quality of life within the watershed will be 
largely determined by human actions. The Oak 
Creek watershed planning program seeks to  ration- 
ally 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 socioeco- 
nomic base of the watershed. 

The 27.24-square-mile Oak Creek watershed 
comprises about 1 percent of the total area of the 
Southeastern Wisconsin Region and is the third 
smallest of the 11 distinct watersheds located 
wholly or partly within the Region. The watershed 
lies in one county and six cities. 

The 1980 resident population of the watershed was 
estimated at 39,700 persons, or about 2 percent of 
the total population of the Region. From 1960 
to 1970, the population growth rate of the water- 
shed was significantly higher than that of Milwau- 
kee County and the Region. From 1970 to 1980, 
the population growth rate was slightly higher than 
that of the Region, and substantially higher than 
that of Milwaukee County, which actually lost 
population over this decade. Population densities 
within the watershed range from fewer than 400 
persons per gross square mile in the still rural areas 
of the watershed, to more than 4,500 persons per 



gross square mile in the urbanized areas. The 
median age in the watershed.-29.4 years--is some- 
what lower than that in the County and the 
Region, whereas household size-2.92 persons- 
and household income-$23,850--are higher than 
in the County and the Region. 

The Oak Creek watershed is located within the 
Milwaukee urbanized area and very near the Racine 
urbanized area. As such, its economic base cannot 
be differentiated in any meaningful way from that 
of the greater Milwaukee and Racine areas. The 
residents of the watershed can readily commute to 
jobs located outside the watershed, while other 
residents of the greater Milwaukee and Racine 
areas can readily commute to jobs located in the 
watershed. 

Total employment in the watershed in eight major 
industrial groups was estimated at 20,000 jobs in 
1980. Of that total, about 10,600 jobs, or 53 
percent, are provided in the manufacturing sector. 
Of that sector total, 3,400 jobs, or 32 percent, are 
provided in the nonelectrical machinery category. 

Urban development first occurred within the 
watershed in the vicinity of the City of South 
Milwaukee and, until about 1950, remained 
concentrated in that city. By 1963, however, urban 
development had occurred not only in the South 
Milwaukee area but in scattered small areas 
throughout the watershed, and urban land uses 
constituted approximately 24 percent of the total 
area of the watershed. By 1980, approximately 47 
percent of the total area of the watershed was in 
urban use, with residential being the predominant 
urban use, occupying about five square miles, or 19 
percent of the total watershed area. As of 1980, 
approximately 15  square miles, or about 53 
percent of the watershed area, were still in rural 
land uses, with agriculture and other open lands 
being the predominant rural use, occupying about 
13  square miles, or about 45 percent of the total 
watershed area. 

The watershed's 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. Two sanitary sewerage 
districts or portions thereof serve about 56 percent 
of the total area of the watershed and approxi- 
mately 95 percent of the total resident population 
of the watershed. The three sewage treatment 
plants serving the watershed discharge treated 

effluent to Lake Michigan. Four public water 
supply systems serve the urban areas of the Oak 
Creek watershed. The four public water supply 
systems which supply approximately 35,800 
persons, or about 90 percent of the total resident 
population of the watershed, all utilize Lake 
Michigan as the sole 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 Milwau- 
kee County Transit System. Railroad service in the 
watershed is limited to freight hauling, except for 
scheduled Amtrak passenger service over a line of 
the Chicago, Milwaukee, St. Paul & Pacific Rail- 
road Company (Milwaukee Road) between Mil- 
waukee and Chicago. General Mitchell Field is the 

I 

only airport in the watershed and has the distinc- I 
tion of being the only airport in the Region provid- 
ing scheduled air carrier service. About 810 acres 
the total airport site, or 38 percent of the total I 

area of the airport, lies within the Oak Creek 
watershed. 

The natural resource base of the watershed is a 
composite of climate, physiography, geology, soils, 
water resources, and fish and wildlife resources. 

I 

Inasmuch as the underlying and sustaining 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 Oak Creek watershed planning effort. 

Because of its midcontinental location, far re- 
moved from the moderating effect of the oceans, 
the Oak Creek watershed has a climate character- 
ized by a progression of markedly different sea- 
sons. An essentially continuous pattern of distinct 
weather changes occurring at about three-day 
intervals is superimposed on the seasonal pattern. 
Lake Michigan also has a moderating effect on the 
climate because of its proximity to the watershed. 
Air temperatures in the watershed range from a 
daily average of about lg°F in January to 71°F in 
July. Watershed temperature extremes have ranged 
from a low of about - 2 4 O ~  to  a high of approxi- 
mately 10l°F. 

Average annual precipitation within the watershed 
is 30.9 inches expressed as water equivalent, and 
average monthly amounts range from a low of 1.33 
inches in February to a high of 3.59 inches in June. 
The average annual snowfall is 46.8 inches which, 



when converted to its water equivalent, constitutes 
1 5  percent of the total annual precipitation. 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 1 7  inches 
to a high of 50 inches. Snowfall has, relative to the 
annual average, historically exhibited a wider 
variation than has total precipitation, with the 
annual snowfall ranging from a low of five inches 
to a high of approximately 109 inches. 

With respect to  snow cover, there is a 0.25 to 0.50 
probability of having five or more inches of snow 
on the ground during January and February. A 
minimum of nine or more inches of frost penetra- 
tion normally exists in the watershed during Janu- 
ary, February, and the first half of March. Annual 
potential evaporation in the watershed is about 29 
inches and is approximately equal, both annually 
and seasonally, to precipitation. The direction of 
prevailing winds follows a clockwise pattern over 
the seasons of the year, being northwesterly 
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 22 to a maximum 
of 15.4 hours on about June 21. 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 Novem- 
ber through March. 

Watershed topography and physiographic features 
have been largely determined by the underlying 
bedrock and overlying glacial deposits. Watershed 
topography is asymmetrical, with the eastern edge 
of the watershed being lower-by 80 to 140 
feet-than the western edge of the basin. Surface 
elevations within the watershed range from a high 
of approximately 810 feet above National Geode- 
tic Vertical Datum (Mean Sea Level Datum) in the 
western portions of the watershed to a low of 
approximately 590 feet above National Geodetic 
Vertical Datum at the mouth of Oak Creek, a 
maximum relief of about 220 feet. 

Surface drainage within the watershed is highly 
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 Oak Creek watershed is a 
complex system of various layers and ages of rock 
formations. These formations slope gently down 
toward the east, and consist predominantly of, in 
ascending order, 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 their 
associated aesthetic, recreational, and economic 
values. There are 21.3 lineal miles of perennial 
streams within the watershed. Inasmuch as there 
are no major lakes of 50 acres or more in size in 
the watershed, these streams along with minor 
ponds and wetlands constitute the entire surface 
water resources of the watershed. 

Extensive groundwater resources underlie the Oak 
Creek 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 1,900 feet, may 
be subdivided so as to  identify three distinct 
groundwater sources. In order from the land 
surface downward they are the sand and gravel 
deposits in glacial drift, the shallow dolomite strata 
in the underlying bedrock, and the deeper 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 discharge from 
the groundwater reservoir supplies the baseflow to  
Oak Creek and its tributaries. 

Since the early settlement of the Oak Creek 
watershed, there has been a sharp decrease in the 
variety and quantity of wildlife because of the 
decrease in woodlands, wetlands, and other natural 
areas. Most of the remaining wildlife habitat areas 
are located between IH 94 and the western bound- 
ary of the watershed. The remaining fish and 
wildlife resources are particularly significant t o  
the Oak Creek watershed because of the recrea- 
tional, educational, and aesthetic value they 
impart. 

There are 34 existing park and open space sites 
within the watershed, totaling 1,686 acres, or 
about 9 percent of the total area of the watershed. 
Of this total, 27 sites encompassing 1,610 acres, or 
95 percent of the total acreage, are in public 
ownership. 



The delineation of selected natural resource and 
natural resource-related elements in the watershed 
produces an essentially linear pattern of narrow, 
elongated areas which have been termed environ- 
mental corridors by the Regional Planning Com- 
mission. As of 1980, primary 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-together with isolated 
natural areas occupied 1,821 acres in the water- 
shed, or 10 percent of the watershed area. This 
compares with 10  percent for Milwaukee County 
and 22 percent for the Region as a whole. The 
preservation of the remaining environmental 
corridors and isolated natural areas in essentially 
natural, open uses is necessary to  the maintenance 
of a high level of environmental quality in the Oak 
Creek watershed. 



Chapter IV 

ANTICIPATED GROWTH AND CHANGE IN THE WATERSHED 

INTRODUCTION 

In any planning effort, forecasts are required of 
all future conditions which are considered beyond 
the scope of the plans to be prepared, but which 
may affect either the design of the plans or the 
implementation of the plans over time. The future 
demands on the resources of a watershed are deter- 
mined primarily by the size and spatial distribution 
of the future population and economic activity 
levels in the watershed. Although the spatial 
distribution of future population and economic 
activity can be influenced by public land use 
regulation, and although upper limits can be set 
on population and economic activity levels through 
such regulation, the control of changes in popula- 
tion and economic activity levels lies largely be- 
yond the scope of governmental activity, at  least at  
the regional and local levels. Neither the levels of 
population and employment within an area such as 
the Oak Creek watershed, nor the rates of change 
in these levels, can be prescribed in a watershed 
plan. Rather, such levels and changes will be a 
function of the relative attractiveness of the 
watershed, and of the Region of which the water- 
shed is an integral part, to development relative to 
other watersheds within the Region and to other 
regions of the United States. In the preparation of 
the comprehensive plan for the Oak Creek water- 
shed, therefore, future population and economic 
activity levels had to  be forecast. These forecasts 
could then be converted to future demands for 
land within the watershed, and land and water use 
plans prepared to meet these demands. These land 
and water use plans, in turn, provided a basis for 
the preparation of supporting water resource 
management and related facility plans. 

BASIS OF POPULATION AND ECONOMIC 
ACTIVITY LEVEL FORECASTS 

It is important to note that the population and 
employment forecasts presented in this chapter 
were not independently prepared for the watershed 
study but were based upon forecasts prepared 
for, and used in, the preparation of other regional 
plan elements, including areawide land use, trans- 
portation, and sewerage system plans. This use of 

forecasts prepared for comprehensive, areawide 
planning purposes helped to  assure consistency 
between the watershed plan and other long-range, 
areawide plan elements. 

The population, employment, and land use demand 
forecasts selected as the basis for the preparation 
of the comprehensive watershed plan were based 
upon regional forecasts developed using an alterna- 
tive futures approach. Under this approach, alter- 
native futures were postulated for the Region 
considering potential changes in the key external 
factors affecting the development of the Region, 
including the cost and availability of energy, 
individual and family lifestyles, and the ability of 
the Region to compete with other regions of the 
United States for development. The range of 
population and economic activity levels attendant 
to these alternative futures was believed to repre- 
sent reasonable extremes of future development 
conditions within the Region. Alternative land use 
patterns were then developed for each of these 
extremes in order to provide a range of spatial 
distribution of population and economic activity 
levels within the Region. 

Two of the resulting four alternative futures-the 
"optimistic growth centralized development" 
future and the "optimistic growth decentralized 
development" future--envision modest growth in 
resident population and economic activity levels 
within the Region. One of these futures envisions 
that this growth will be accommodated in a central- 
ized manner, with new urban development occur- 
ring largely at medium densities and contiguous to, 
and outward from, the existing urban centers of 
the Region. The other envisions that much of 
this growth will be accommodated in a decentral- 
ized manner, with new urban development occur- 
ring at low densities in a highly diffused pattern 
well beyond the limits of the existing centers of 
the Region. The other two futures envision only 
slight growth in economic activity and an actual 
decline in resident population levels. One of these 
two futures-the "pessimistic growth centralized 
development" future, envisions that any redistri- 
bution of population and employment will be 
accommodated in a centralized manner. The other 



of these futures-the "pessimistic growth decen- 
tralized development" future, envisions that any 
redistribution of population and employment will 
be accommodated in a decentralized manner. 
These alternative futures are more fully described 
in SEWRPC Technical Report No. 25, Alternative 
Futures for Southeastern Wisconsin. 

Tables 25 and 26 summarize the population and 
employment changes which may be expected in 
the Southeastern Wisconsin Region, Milwaukee 
County, and the Oak Creek watershed under each 
of these four alternative futures. It was determined 
by the watershed committee that the future popu- 
lation and employment levels envisioned under the 
optimistic growth centralized development alterna- 
tive would be used in the watershed planning. The 
use of this alternative future represents the most 
conservative approach-within reasonable limits- 
to the watershed planning process. This alternative 

future, as already noted, envisions a modest in- 
crease in population and economic activity levels 
within the Region and a slight increase in popula- 
tion and economic activity levels in Milwaukee 
County. This future, however, also envisions sub- 
stantial growth in population and economic 
activity levels within the Oak Creek watershed and, 
therefore, represents a reasonable extreme of land 
use development which could occur in the water- 
shed over the next two decades. In addition, this 
future would have the greatest effect on water 
quality and flooding conditions within the water- 
shed. Moreover, the spatial distribution of popula- 
tion and economic activity under this future is 
based upon adopted regional and local land use 
development objectives, and is consistent with 
federal and state policies which seek to promote 
more centralized urban development patterns and 
protect environmentally significant areas and prime 
agricultural lands. 

Table 25 

POPULATION IN THE REGION, MILWAUKEE COUNTY, AND THE OAK CREEK 
WATERSHED: EXISTING 1950,1960,1970, AND 1980 AND PROJECTED YEAR 2000 

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

Table 26 

Area 

Region . . .  . . .  . . .  . 
M~lwaukee County . . . 
Oak Creek Watershed. . 

EMPLOYMENT IN THE REGION, MILWAUKEE COUNTY, AND THE OAK CREEK 
WATERSHED: EXISTING 1970 AND 1980 AND PROJECTED YEAR 2000 

Existing 
1980 

1,764,919 
964,988 

39,716 

Existing 
1950 

1,240,618 
871,047 

18.1 73 

Source: Wisconsin Department of Industry, Labor and Human Relations and SEWRPC. 
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Projected Year 2000 

Area 

Region . . . . . . . . . . .  
Milwaukee County . . . . 
Oak Creek Watershed. . . 

Existing 
1960 

1,573,620 
1,036,041 

25,431 

Existing 
1970 

1,756,083 
1,054,249 

36,498 

Pessimistic Growth 

Existing 
1970 

741,600 
507,100 

9,300 

Decentralized 
Development 

Pattern 

1,690,000 
700,000 

41,700 

Optimistic Growth 

Centralized 
Development 

Pattern 

1,690,000 
830,000 

49,900 

Decentralized 
Development 

Pattern 

2,219,300 
898,500 

50,100 

Existing 
1980 

81 5,500 
547,900 

20,000 

Centralized 
Development 

Pattern 

2.21 9,300 
1,049,600 

72,600 

Projected Year 2000 

Pessimistic Growth 

Decentralized 
Development 

Pattern 

887,000 
525,300 

1 7,900 

Optimistic Growth 

Centralized 
Development 

Pattern 

887,000 
552,300 

18,000 

Decentralized 
Development 

Pattern 

1.01 6,000 
523,400 

28,000 

Centralized 
Development 

Pattern 

1.01 6,000 
593,600 

27,300 



POPULATION GROWTH 

The regional population forecast selected as a basis 
for the watershed planning effort anticipates that 
the resident population of the Region will reach a 
level of 2.22 million persons by the year 2000, as 
indicated in Table 27 and Figure 13. This would 
represent an increase of about 454,000 persons, or 
about 26 percent, over the 1980 level of about 
1.76 million persons. This anticipated population 
increase--equivalent to about 23,000 persons per 
year from 1980 to 2000 -is substantially more 
than the actual rate of increase of 18,200 persons 
per year experienced from 1960 to 1970 but 
substantially less than the actual rate of increase of 
33,300 persons per year experienced from 1950 to 
1960. It is also substantially more than the actual 
rate of increase of approximately 880 persons per 
year experienced from 1970 to 1980. The 1983 
resident population of the Region is estimated to 
be 1,748,200 persons, or 1 percent less than the 
1980 population level. The county population 
forecast, based upon normative areawide land use 
development objectives, envisions a reversal of 
historic trends. Under the forecast, the population 
of the County would increase slightly from a 
resident population level of about 965,000 in 
1980 to about 1,050,000 in 2000, an increase of 
about 85,000 persons, or about 9 percent. The 
resident population of the County actually de- 
creased by about 89,300 persons, or about 8 
percent, from 1970 to 1980, having peaked at a 
level of 1,054,249 persons in 1970. The 1983 

resident population of the County is estimated to 
be 945,000 persons, a decrease of about 108,200 
persons, or about 10 percent, from the 1970 level. 

Figure 13 

POPULATION TRENDS AND FORECASTS FOR 
THE REGION, MILWAUKEE COUNTY, AND 
THE OAK CREEK WATERSHED: 1950-2000 
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Source: U. S. Bureau of the Census, and SEWRPC. 
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Table 27 

I I 
LEGEND - POPULATION ESTIMATE 

ANTICIPATED POPULATION CHANGE FOR THE REGION, MILWAUKEE COUNTY, 
AND THE OAK CREEK WATERSHED: SELECTED YEARS 1950-2000 

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

I 

Oak Creek 
Watershed 

18,173 
25,431 
36,498 
39,7 1 6 
56,200 
72,600 

82.9 

Milwaukee 
County 

87 1,047 
1,036,041 
1,054,249 
964,988 

1,007,300 
1,049,600 

8.8 

Year 

1950 
1960 
1970 
1980 
1990 
2000 

1980-2000 
Percent Change , 

Watershed Population 
as Percent of 

Regional Population 

1.5 
1.6 
2.1 
2.3 
2.8 
3.3 

-- 

Southeastern 
Wisconsin 

Region 

1,240,6 18 
1,573,620 
1,756,083 
1,764,9 19 
1,992,100 
2,219,300 

25.7 



The population of the Oak Creek watershed in- 
creased steadily from a level of about 18,200 
persons in 1950 to about 39,700 persons in 1980. 
Based upon the alternative future selected as a 
basis for the watershed planning, the population of 
the watershed may be expected to increase from 
the 1980 level of 39,700 persons to 72,600 persons 
in the plan design year 2000. This represents an 
increase of 32,900 persons, or 83 percent, over the 
1980 population level. 

The 83 percent increase in population anticipated 
for the watershed exceeds the increase anticipated 
for the County, and for the Region as a whole. 
This higher rate of growth for the watershed 
reflects the substantial increase in resident popu- 
lation anticipated in the areas of the Region 
peripheral to the larger urban centers, such as 
Milwaukee. As a result of these envisioned higher 
growth rates, the proportion of the regional 
population in the Oak Creek watershed may be 
expected to increase from about 2 percent in 1980 
to about 3 percent in the plan design year, as 
indicated in Table 27. 

EMPLOYMENT GROWTH 

Economic activity, as measured in terms of employ- 
ment opportunities, is not linked functionally to 
watershed patterns within southeastern Wisconsin. 
Rather, the forces determining economic activity 
originate and are sustained over the entire urbaniz- 
ing Region. Employment levels in the Oak Creek 
watershed are, under the alternative future selected 
as a basis for the watershed planning, envisioned to  
increase substantially between 1980 and the plan 
design year, exceeding the growth rate forecast for 
the Region as a whole. This higher rate of growth 
in employment reflects the substantial increase in 
economic activity levels anticipated in the areas of 
the Region peripheral to the larger urban centers, 
such as Milwaukee. As shown in Table 28, employ- 
ment opportunities within the watershed are ex- 
pected to increase from 20,000 jobs in 1980 to 
about 27,300 in the plan design year 2000, an 
increase of about 36 percent. In contrast, a 15  
percent increase in employment is anticipated 
within the Region as a whole during this time 
period. 

LAND USE DEMAND 

Because of the anticipated population increase of 
32,900 persons and anticipated increase in employ- 
ment of 7,300 jobs between 1980 and the year 

Table 28 

ANTICIPATED EMPLOYMENT FOR THE REGION 
AND THE OAK CREEK WATERSHED: 

SELECTED YEARS 1970-2000 

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

Year 

1970 
1980 
1990 
2000 

1980.2000 
Percent Change 

2000 in the Oak Creek watershed, the continued 
conversion of land from rural to urban use may be 
expected to be required within the watershed. 
Between 1963 and 1980, approximately 3.3 square 
miles of land were converted from rural to urban 
use within the watershed, increasing the proportion 
of the total area of the watershed in urban use 
from 34 percent in 1963, or about 9.5 square 
miles, to 46 percent in 1980, or about 12.8 square 
miles. Under the alternative future selected as a 
basis for watershed planning, the conversion of an 
additional 5.6 square miles of land from rural to 
urban use may be expected between 1980 and the 
plan design year 2000, an increase of about 59 
percent in urban use. By the plan design year, then, 
approximately 18.4 square miles, or about 66 
percent, of the approximately 27.7-square-mile 
watershed -as determined by U. S. Public Land 
Survey quarter section approximation-would be in 
urban use. 

SUMMARY 

Southeastern 
Wisconsin 

Reg~on 

741,600 
884,200 
950.1 00 

1,016,000 

14.9 

The population and economic activity levels 
selected as the basis for the Oak Creek watershed 
planning effort envision substantial increases in 
watershed population and employment. The resi- 
dent population of the watershed may be expected 
to increase from the 1980 level of 39,700 persons 
to about 72,600 persons by the year 2000, an 
increase of 32,900 persons, or about 83 percent. 
Employment in the watershed may be expected to 
increase from the 1980 level of 20,000 jobs to 
about 27,300 jobs by the year 2000, an increase of 
7,300 jobs, or about 36 percent. These changes in 
resident population and employment levels within 

Oak Creek 
Watershed 

9,300 
20,000 
23,650 
27,300 

36.5 

Watershed Employment 
as a Percent of 

Regional Employment 

1.3 
2.3 
2.5 
2.7 



the watershed axe based upon an alternative future 
for the Region, of which the watershed is a part, 
which envisions modest population and employ- 
ment growth and a centralized pattern of future 
land use development. This future provides the 
highest population and economic activity levels 
which can be reasonably expected to occur within 
the watershed by the plan design year. The antici- 
pated growth in population and employment will 
require the conversion of an additional 5.6 square 
miles of land from rural to urban use within the 
watershed between 1980 and 2000, increasing the 

total amount of land in urban use within the 
watershed from 12.8 square miles, or 46 percent of 
the watershed, in 1980, to 18.4 square miles, or 
about 66 percent of the total area of the watershed, 
by the year 2000. Of the alternative futures con- 
sidered, the alternative future selected as a basis for 
the watershed planning effort would have the 
greatest influence on water quality and flooding 
conditions within the watershed and provides, 
therefore, a conservative approach to  the planning 
and design of water quality and flood control 
facilities. 
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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 hydrol- 
ogy of a watershed should 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 
resistance, 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 
development of the land and water resources of the 
Oak Creek 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 Oak Creek watershed, with 
emphasis upon the behavioral characteristics of 
that system pertinent to comprehensive watershed 

planning. An understanding of this system is 
important to the watershed planning process 
inasmuch as the system and its behavior form the 
framework 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 ele- 
ments of the hydrologic and hydraulic system of a 
watershed, any planned modification to, or devel- 
opment 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 Oak 
Creek watershed study to accomplish the necessary 
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 Oak Creek watershed vary 
greatly with time. These variations may occur 
rapidly or slowly and may occur in the atmos- 
phere, on the land, in the surface waters, or in the 
groundwater of the watershed. Moreover, these 
variations may involve water in all its statessolid, 
liquid, and vapor. This cdntinuous, 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 Oak Creek 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, 
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 consti- 
tutes the entire natural flow of surface streams in 
the Oak Creek 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 
Oak Creek 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 Oak Creek 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 precipita- 
tion and subsurface inflow, while water is lost as a 
result of evaporation, transpiration, and surface 
and subsurface outflow. A change in surface and 
groundwater storage results from an imbalance 
between inflow and outflow. The complete hydro- 
logic budget applicable to the watershed for any 
time interval may be expressed by the equation: 

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

precipitation on the watershed 
net inflow or outflow of groundwater 
from the aquifer beneath the watershed 
evaporation from the watershed' 
transpiration from the watershed' 

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 some of the elements of the hydrologic 
budget. Quantitative measurements, or estimates, 
compiled for the Oak Creek 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 significant 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 beginning 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 Oak Creek watershed 
can be developed considering only the surface and 
shallow groundwater supplies. In its simplest form, 
then, the long-term hydrologic budget for the 
Oak Creek watershed may be expressed by the 
equation: 

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 
seasonal 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. 

As stated in Chapter 111 of this report, and based 
upon records from 1940 through 1983, the aver- 
age annual precipitation over the watershed is 
30.9 inches. Streamflow records collected from 
October 1, 1963, through September 30, 1983, at 

'Evaporation is the process by which water is 
transformed from the liquid or solid state to the 
vapor state and returned to the atmosphere. 
Transpiration is the process by  which water in the 
liquid state moves up through the plants, is trans- 
formed to the vapor state, and returned to the 
atmosphere. Evapotranspiration is the sum o f  
the two processes. 



the U. S. Geological Survey gaging station on Oak 
Creek, in South Milwaukee (station number 
04087204), indicate that the average annual 
discharge at that location is about 21.1 cubic feet 
per second, which is equivalent to 11.5 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 
equation indicates an average annual evapotran- 
spiration of 19.4 inches. On an average annual 
water-year basis, therefore, about 63 percent of the 
precipitation that falls on the Oak Creek watershed 
is returned to the atmosphere by the evapotrans- 
piration process, while the remaining 37 percent 
leaves the watershed as streamflow. 

Atmospheric Phase of the Hydrologic Cycle 
The processes of precipitation and evapotranspira- 
tion constitute the atmospheric phase of the 
hydrologic cycle of the Oak Creek watershed. On a 
water-year basis, precipitation accounts for essen- 
tially all the water entering the watershed while 
evapotranspiration is the process by which most of 
the water leaves the watershed. 

Precipitation: As already noted, the average annual 
total precipitation for the Oak Creek watershed 
based-on data from the Milwaukee Mitchell Field 
observation station located near the watershed is 
30.9 inches, whereas the average annual snow and 
sleet fall is 46.8 inches measured as snow and 
sleet. The location of this station and the availa- 
bility of temperature and other meteorological 
data for other stations surrounding the watershed 
are shown on Map 11 and listed in Table 8 in 
Chapter 111. That chapter also discusses the signifi- 
cance of precipitation data in the watershed 
planning process, and includes information on 
precipitation-related climatic factors such as tem- 
peratures, snow cover, and frost depth. Chapter X 
discusses the results of various statistical analyses 
of the basic precipitation 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 Oak creek watershed is about 29 inches and, 
therefore, approximately equal to the average 

annual precipitation of 30.9 inches. The average 
annual evapotranspiration, as calculated in the 
hydrologic budget for the watershed, is about 19.4 
inches. The 11.5-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 Oak Creek watershed is 
composed almost entirely of streamflow since, as 
indicated in Chapter 111, 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 27 acres, comprise 
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 quantity. As 
shown on Map 25 and as listed in Table 29, four 
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, the Milwaukee Metropolitan 
Sewerage District, and the City of Milwaukee. 

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 relation- 
ship 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 an observer or 
recorded by automatic instruments. Stage indica- 
tors are classified according to the method by 
which the stage is measured and by the manner in 
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Table 29 

STREAMFLOW GAGING IN THE OAK CREEK WATERSHED 

Data Sources: 

Station 
Number 

04087200 

04087204 

SC9- 1 

SC9-1A 

SC9-2 

SC9-3 

SC9-4 

-- 

-- 

-- 

I. Duane H. Conger, Techniques for Estimating Magnitude and Frequency of Floods for Wisconsin Streams, U. S. Geologi- 
cal Survey Water- Resources Investigations, Open- File Report 80- 12 14, Madison, Wisconsin, 198 1. 

2. B. K. Holmstrom, Low-Flow Characteristics of Streams in the Lake Michigan Basin, Wisconsin, U. S. Geological Survey 
Water-Resources Investigations Open-File Report 81- 7 793, Madison, Wisconsin, 1982. 

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

Data 
Source 

1,2,3 

1 2 3  

4 

4 

4 

4 

4 

5 

5 

5 

Station Site 

Oak Creek at 
Nicholson Road 

Oak Creek at 
15th Avenue 

Oak Creek at 
S. Pennsylvania Avenue 
(downstream side) 

Oak Creek at 
S. Pennsylvania Avenue 
(upstream side) 

Oak Creek at 
E. Puetz Road 

Oak Creek at 
S. Howell Avenue 

North Branch of 
Oak Creek a t  
W. Drexel Avenue 

North Branch of 
Oak Creek at 
W. College Avenue 

North Branch of 
Oak Creek at 
S. 13th Street 

North Branch of 
Oak Creek a t  
W. Ramsey Avenue and 
S. 15th Street 

4. Milwaukee Metropolitan Sewerage Commission, 735 N. Water Street, Milwaukee, Wisconsin 53202. 

5. City of Milwaukee, Department of Sewer Engineering, 841 N. Broadway. Milwaukee, Wisconsin 53202. 

Source: SEWRPC. 

Period of Record 

June 1958 - 
continuing 

October 1963 - 
continuing 

September 1 1, 1967 - 
continuing 

April 25, 1979 - 
continuing 

September 7, 1967 - 
continuing 

January 4,1972 - 
continuing 

April 15, 1971 - 
February 25, 1981 

October 27, 1975 - 
continuing 

October 27, 1975 - 
continuing 

October 27, 1975 - 
continuing 

Continuous 
Recorder 

X 

Crest 
Stage 
Gage 

X 

X 

X 

X 

X 

X 

Staff 
Gage 

X 

X 

X 

X 



which it is read. The principal types are staff gages, 
crest stage indicators, wire weight gages, and 
continuous recording gages.2 

U. S. Geological Survey Stage and Discharge 
Stations: Two of the streamflow and related 
monitoring stations are maintained in the water- 
shed stream system by the U. S. Geological Survey 
(USGS). Results of the observations at these 
stations are published by the USGS in a series of 
annual publications entitled "Water Resources 
Data for Wisconsin." The USGS, in cooperation 
with the Commission and the Metropolitan Sewer- 
age Commission of the County of Milwaukee, has 
operated a continuous stage recorder gage on Oak 
Creek in the Oak Creek Parkway downstream from 
the 15th Avenue bridge in the City of South 
Milwaukee since October 1963. (USGS Gage 
No. 04087204) This station monitors flow from a 
25.0 square-mile drainage area which comprises 
92 percent of the total area of the watershed. All 
the other stage and discharge monitoring stations 
in the watershed are utilized only during either 
major flood events or unusual drought periods 
and, therefore, do not provide information about 
the full spectrum of stream and discharges that 
actually occur. 

One crest-stage gaging station is also currently 
being operated on Oak Creek at Nicholson Road in 
the City of Oak Creek (Station No. 04087200) by 
the USGS in cooperation with the Wisconsin 
Department of Transportation. This station moni- 
tors streamflow from a 13.8 square-mile area 
comprising about 51 percent of the watershed area. 
Low-flow measurements have been obtained at this 
site for the water years 1958 through 1977. 

Crest-stage and low-flow gaging data are summa- 
rized in USGS reports.3 Table 29 lists the sites in 
the Oak Creek 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 ~ o r  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. 104-1 09. 

Milwaukee Metropolitan Sewerage Commissions' 
Crest Stage Gages: A total of five crest stage gages 
were operated in the Oak Creek watershed by the 
Milwaukee Metropolitan Sewerage District as of 
1984. These flood crest monitoring stations were 
installed in 1967, 1971, 1972, and 1979 and their 
locations are shown on Map 25. In general, one or 
more flood crest measurements have been made at 
each of the five stations during each of the years 
for which the stations have been in existence. 

Peak flood stage data from these five gages were 
used, as discussed in Chapter VI, "Flood Character- 
istics and Problems," to develop historic flood 
stage profiles of the Oak Creek system. In addition 
to providing quantitative documentation of his- 
toric flooding, these flood stage profiles were 
also used, as discussed in Chapter VIII, "Water 
Resource Simulation Model," to calibrate the 
watershed hydrologic-hydraulic simulation model. 

City of Milwaukee Staff Gages: As shown on 
Map 25, three staff gages are maintained by the 
City of Milwaukee in the City of Milwaukee, as of 
1984. This network of staff gages is monitored by 
field personnel during and after flood events. In 
general, one or more flood stage measurements 
have been made at each of the three City of 
Milwaukee stations during each of the years that 
these stations have been in existence. 

Seasonal Distribution of Peak Stages: Flood stages 
recorded at the two U. S. Geological Survey gaging 
stations in the Oak Creek watershed were used to 
evaluate the seasonal distribution of annual flood 
peaks. The seasonal distribution of the recorded 
peak discharges are shown in Figure 14. 

The 20-year record for the station downstream 
from the 15th Avenue bridge--which has a drainage 
area of 25.0 square miles-indicates that the 
occurrence of highwater events is not limited to 
any one season, with annual peaks having occurred 
during the months of February through Septem- 
ber. The low frequency of occurrence of annual 

~ u a n e  H. Conger, Techniques for Estimating 
Magnitude and Frequency of Floods for Wisconsin 
Streams, U. S. Geological Survey Water Resources 
Investigations Open-File Report 80-1214, Madison, 
~iscoisin,  1981; B. K. ~olmstrom, LOW-Flow 
Characteristics of Streams in the Lake Michigan 
Basin, Wisconsin, U. S. Geological Survey Water 
Resources Investigations Open-File Report 81 - 
11 93, Madison, Wisconsin, 1982. 



Figure 14 

SEASONAL DISTRIBUTION OF ANNUAL PEAK DISCHARGES FOR OAK CREEK AT SOUTH 
MILWAUKEE (04087204) AND FOR OAK CREEK NEAR SOUTH MILWAUKEE (04087200) 
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peaks in the months of November, December and 

) January is typical of watersheds in southeastern 
Wisconsin. The months of March, April, and June 
apparently were the most active flood runoff 
periods in the Oak Creek watershed between 1964 I and 1983, with 68 percent of the recorded annual 
peaks having occurred in these months. 

I The 25 years of record available for the station on 
Oak Creek at Nicholson Road-which has a drain- 
age area of 13.8 square miles-support this conclu- 
sion, with 68 percent of the recorded annual peaks 1 also having occurred in the months of March, 
April, and June. 

I A review of the Oak Creek data record indicated a 
similarity with the seasonal distribution of peak 

I 
stages for the predominantly rural Milwaukee River 

watershed. Sixty-six 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 
68 percent for Oak Creek for the same months 
for the 20-year period of record. However, the 
longer term Milwaukee River data also indicate 
that a relatively high number of annual peaks 
occurred in February. Including the February data 
in the 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, 
February through April and the month of June. 
The Oak Creek data for the period 1964-1983 
contained only two annual peaks 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 Oak Creek watershed, 
two flooding seasons may exist. The period Febru- 
ary 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. 
Frequent 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 precipita- 
tion, but periods of heavy foliation and evapotran- 
spiration losses of soil moisture. 

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 compensa- 
tory 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 
proportion 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 the increase in 
efficiency of drainage systems associated with the 
urbanization process increase runoff volumes and 
decrease runoff times. These two effects of urbani- 
zation are additive, with the result that incremental 
urbanization 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 beginning 
of rainfall events compared to the rate of rise of 
runoff hydrographs in rural basins of similar size. 
The primary significance of the rapid response of 
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 Oak Creek 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 XI1 of this report. 

High-Flow Discharge-Frequency Relationships: The 
most important hydrologic characteristics of floods 
for watershed 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 
decimal, a fraction, or a percentage. "Recurrence 
interval" 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 equaled or exceeded on 
the average of once in 100 years would have a 
recurrence interval of 100 years and a 0.01 proba- 
bility, or 1 percent 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 
Oak Creek at the 15th Avenue bridge encompass 
the period since October 1964, and for the crest- 
stage gaging station on Oak Creek at Nicholson 
Road, the period since 1958. These records, in 
combination with historic flood stage data, were 
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 Oak Creek 
at 15th Avenue, at Nicholson Road, and for other 
locations throughout the watershed for the 44-year 
period from 1940 through 1983 were used to 
determine one- through 500-year recurrence inter- 
val discharges for existing land use and channel- 
floodplain conditions. Statistical analyses required 
to compute the discharges corresponding to the 



desired recurrence intervals were conducted 
using the log Pearson Type I11 method of analysis. 
That method was used because, as discussed in 
Chapter X, "Watershed Development Objectives, 
Principles, and Standards," it is recommended by 
the U. S. Water Resources Council and is specified 
for floodplain regulatory purposes by the Wiscon- 
sin Department of Natural Resources. A graphical 
representation of the resulting existing watershed 
condition discharge-frequency relationships for 
Oak Creek at the 15th Avenue and Nicholson Road 
bridges is shown in Figure 15. 

Whereas Figure 15 presents the discharge-frequency 
relationship for instantaneous peak discharges under 
existing conditions in the watershed, Figure 16 

shows high-flow discharge-frequency relationships 
under existing conditions in the watershed at the 
15th Avenue bridge for periods of 1, 7, 30, and 
120 days. These relationships also were developed 
using simulated strearnflows and the log Pearson 
Type I11 method of statistical analysis. For a 
specified discharge, these curves facilitate estirnat- 
ing the probability that a specified high streamflow 
will be maintained or exceeded for a given period 
of time during any water year. For example, the 
probability of maintaining an average flow of 50 
cubic feet per second (cfs) or more for a seven-day 
period in any water year is about 96 percent, while 
the probability of maintaining that average flow 
for 30 days is a lower 70 percent, and for 120 days 
an even lower 18 percent. 

I Figure 15 

DISCHARGE-FREQUENCY RELATIONSHIPS FOR OAK CREEK IN SOUTH MILWAUKEE AT 
15TH AVENUE (04087204) AND FOR OAK CREEK NEAR SOUTH MILWAUKEE AT NICHOLSON 

ROAD (04087200): EXISTING LAND USE, CHANNEL, AND FLOODLAND DEVELOPMENT CONDITIONS 

PERCENT P R O B A B  I L l T Y  OF SPECIFIED DISCHARGE 
BEING REACHED OR EXCEEDED I N  ANY YEAR 
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Figure 16 

HIGH -FLOW DISCHARGE-FREQUENCY RELATIONSHIPS FOR OAK CREEK AT 15TH AVENUE 
(04087204): EXISTING LAND USE, CHANNEL, AND FLOODLAND DEVELOPMENT CONDITIONS 

rrce: SEWRPC. 



Low-Flow Discharge-Frequency Relationships: Fig- 
ure 17 shows low-flow discharge-frequency rela- 
tionships for Oak Creek at the 15th Avenue 
bridge for periods of 1,  7, 30, and 120 days. 
Simulated discharges for the 44-year period from 
1940 through 1983 were used, in conjunction with 
the log Pearson Type I11 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- 
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 Oak Creek at the 15th 
Avenue bridge as obtained from Figure 17 approxi- 
mates zero ~ f s . ~  However, the minimum flow 
possible is actually about 0.1 cfs due to the con- 
stant nature of the existing 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 18 is a flow duration curve for 
existing land use-floodland and channel develop- 
ment conditions based on simulated hourly stream- 
flows for Oak Creek at the 15th Avenue bridge for 
the 44 water years from 1940 through 1983. The 
hourly simulated flows, on which the Oak Creek 
flow duration relationship is based, range from a 
low of 0.1 cfs from industrial discharges to  a high 
of 1,600 cfs on June 22, 1940. Since the flow 
duration curve is based on all hourly flows in the 
simulated period, it is an effective means of sum- 
marizing 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 Oak Creek at the 15th Avenue bridge indicates 
that an hourly flow of 5 cfs has been, and may be 

4 ~ i g u r e  17 is based upon the results of the hydro- 
logic-hydraulic simulation modeling. As noted in 
Chapter VIII o f  this report, flows from point 
sources o f  pollution were not included in the 
hydrologic-hydraulic simulation model since the 
amount o f  flow was considered insignificant with 
'respect to  major flood flows. 

expected to be, exceeded 52 percent of the time 
under existing land use-floodland development 
conditions, whereas much higher hourly discharges 
of 47 cfs and 330 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 hydrol- 
ogy and groundwater hydraulics. Groundwater 
hydrology, as described below, has to do with the 
vertical and horizontal extent of the significant 
aquifers5 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 Oak Creek 
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 
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 satur- 
ated 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 
cavities. Solution cavities probably are important 
in the dolomite formations of the Oak Creek 
watershed. Intergranular pore openings in rocks 

5 ~ n  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 o f  water supply. 



Figure 17 

LOW-FLOW DISCHARGE FREQUENCY RELATIONSHIPS FOR OAK CREEK AT 15TH AVENUE 
(04087204): EXISTING LAND USE, CHANNEL, AND FLOODLAND DEVELOPMENT CONDITIONS 

P E R C E N T  P R O B A B I L I T Y  OF S P E C I F I E D  D l  SCHARGE 
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Figure 18 

FLOW DURATION RELATIONSHIPS FOR OAK CREEK IN SOUTH MILWAUKEE AT 15TH AVENUE 
(04087204): EXISTING LAND USE, CHANNEL, AND FLOODLAND DEVELOPMENT CONDITIONS 

Source: SEWRPC. 
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may be fewer and smaller than those in unconsoli- 
dated 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. 
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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 satur- 
ated 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 distribution 
system. The static water level in wells tapping 
artesian aquifers always rises above the top of the 

PERCENT OF T IME IN WHICH INDICATED F L O W  I S  REACHED OR E X C E E D E D  

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 Oak Creek 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 



aquifer consisting of tightly packed, well-sorted 
spherical particles of sand may contain up to 40 
percent water by volumeabout 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 com- 
prising 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 and from 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 hori- 
zontal extent and materials. 

Hydrologic Characteristics by Aquifer: There are 
three principal aquifers underlying the Oak Creek 
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 
watershed 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 15 of 
Chapter 111. Hydrologic characteristics of each of 
the three principal aquifers are discussed below. 

The Sandstone Aquifer: In the Oak Creek water- 
shed, the sandstone aquifer includes all of the 
geologic units bounded above by the Maquoketa 
shale and bounded below by the Precambrian 

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 
pressure 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 600 to 700 feet beneath the ground 
surface of the Oak Creek watershed. The sandstone 
aquifer dips gently downward in an easterly 
direction at a slope of about 20 feet per mile 
(about 0.4 foot per 100 feet). The thickness of the 
sandstone aquifer beneath the watershed is known 
to exceed 1,100 feet. Assuming an average porosity 
of 15 percent, it is estimated that at least 3.1 
million acre-feet of water are contained within that I 
portion of the aquifer lying immediately beneath 
the Oak Creek 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 
aquifer system in three ways. It occurs as infiltra- 
tion 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 
formations 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 bot- 
tom 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 
immediately above the Maquoketa shale to the 
sandstone aquifer beneath. The elevation of the 
potentiometric surface ranges from a high of 
between 450 and 480 feet above National Geodetic 
Vertical Datum (Mean Sea Level Datum). 

The direction of groundwater movement in the 
sandstone aquifer is defined by the potentiometric 
surface of the aquifer. Groundwater in the sand- 
stone aquifer beneath the Oak Creek watershed 
flows in a generally northerly direction toward the 
City of Milwaukee. 

The potentiometric surface of the sandstone 
aquifer sloped gently eastward throughout the 
watershed in 1880, when the sandstone aquifer was 
first tapped by wells. Wells in the aquifer in the 



Milwaukee area generally flowed at the surface as a 
result of the artesian pressure. Subsequent develop- 
ment of the aquifer in the Milwaukee area has 
resulted in a decline of the potentiometric surface 
within the Oak Creek watershed in excess of 300 
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 
sandstone 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 26 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 130 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 Oak Creek watershed and 
consists of Silurian dolomite. Maps 15 and 16 in 
Chapter I11 graphically represent, respectively, 
the surface topography of the dolomite aquifer 
and the thickness of the sand and gravel aquifer. 
The relatively impermeable Maquoketa shale is 
positioned immediately below the aquifer, whereas 
unconsolidated glacial till, drift, and alluvial depos- 
its, varying in thickness from 100 to 250 feet, lie 
immediately above. 

The topography of the surface of the dolomite 
aquifer, as shown on Map 15 in Chapter 111, 
indicates that it generally slopes downward from 
west to east. Further, there is a low-lying area 
underlying the southwestern portion of the water- 
shed probably due to erosion prior to deposition of 
the overlying glacial till. The aquifer has a thick- 
ness of approximately 300 to 350 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 300- to 350-foot thick- 
ness of the dolomite aquifer lies beneath the water 
table and is, therefore, saturated with groundwater. 
Assuming an average porosity of 5 percent, about 
285,000 acre-feet of water exist beneath the Oak 
Creek watershed in the dolomite aquifer. This 
quantity of water would be sufficient to cover the 
entire watershed to a depth of 16 feet. 

The potentiometric surface for the combined 
dolomite aquifer and glacial deposits, as shown on 
Map 26, 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 680 feet above 
National Geodetic Vertical Datum along the 
westerly edge of the watershed to a low of about 
580 feet near the watershed outlet at the conflu- 
ence 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 
a id  alluvial sand and gravel deposits. As shown 
on Map 16 in Chapter 111, the thickness of the 
unconsolidated deposits forming the sand and 
gravel aquifer varies from 20 to 300 feet in the Oak 
Creek watershed. The thickness of the zone of 
saturation, however, varies from about 130 to 10 
feet, with an average value of about 80 feet. 
Assuming an average porosity of 30 per cent, about 
420,000 acre-feet of water exist within the satur- 
ated strata of the sand and gravel. This quantity of 
water would be sufficient to cover the watershed 
to a depth of about 25 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 26, 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. 

Natural discharge of groundwater from the glacial 
deposits occurs as seepage into the surface water 
system, by direct evaporation to the atmosphere 



Map 26 

GENERALIZED POTENTIOMETRIC SURFACE OF THE DOLOMITE 
AQUIFER AND GLACIAL DEPOSITS IN THE OAK CREEK WATERSHED 
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The approximate direction of groundwater movement in the dolomite aquifer and glacial deposits in the watershed i s  shown by the above map 
of the potentiametric surface-the elevation to which water would rise in an open well tapping the aquifer. Movement i s  down the hydraulic 
gradient toward discharge points generally located at the mouth of the watershed near the Lake Michigan shoreline. Groundwater discharge 
sumins the dry-weather flow of the streams in the watershed. 

U. S. Geological Survey and SEWRPC. 



where the water table is shallow, by plant transpira- 
tion 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 5.8 inches annually 
under existing land use-floodland development 
 condition^.^ This is approximately 87 percent of 
the total dry-weather flow of streams in the 
watershed; the remaining 0.9 inch, or 13 percent, 
comes from municipal and industrial point source 
discharges. 

Map 27 shows the estimated depth to seasonal high 
water in the sand and gravel aquifer for the Oak 
Creek watershed. Seasonal high water is the average 
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 
levek7 Seasonal high water in this aquifer may be 
expected to be less than 10 feet beneath the land 
surface for about 36 percent of the watershed area. 
The seasonal high water may be expected to be 
between 10 and 30 feet beneath the land surface 
for 69 percent of the watershed area. 

HYDRAULICS OF THE WATERSHED 

As defined earlier in this chapter, hydraulics-in 
the context of comprehensive watershed plan- 
ning-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 concen- 
trated on the hydrology of the Oak Creek water- 
shed under the broad categories of surface water 
and groundwater hydrology. This section of the 
chapter describes the results of the inventory and 
initial analysis of surface water hydraulics in the 
Oak Creek watershed. Inasmuch as there are no 
major lakes in the Oak Creek watershed, the 
surface water system of the watershed consists 
essentially of the streams and associated flood- 

' ~ e t e r m i n e d  using the hydrologic-hydraulic model 
described in Chapter VIII. 

7 ~ a p  27 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 SE WRPC areawide 
water quality management planning program. 

plains. An overview of the watershed surface water 
resources is presented in Chapter 111, "Description 
of the Watershed Man-Made Features and Natural 
Resource Base. " 

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 
tributary to Oak Creek is traced upstream to its 
origin. The cost of hydrologic-hydraulic sirnula- 
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 flood hazard 
data are defined to include discharge-frequency 
relationships under existing and probable future 
land use conditions and corresponding flood stage 
profiles and areas subject to inundation by floods 
of selected recurrence intervals. 

Selected Reaches: Stream reaches studied were 
selected by the Oak Creek Watershed Committee 
on the basis of historic and anticipated flooding 
problems as determined by deliberations with local 
officials and citizens of the watershed, by previous 
data availability, and by 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 
problems in an urban area or an indication of the 
availability of data for analyzing those problems. 

Parts of six streams within the Oak Creek water- 
shed were selected for hydrologic-hydraulic simula- 
tion leading to the development of detailed flood 
hazard information. Factors included discharge- 
frequency relationships under existing and proba- 
ble future development of floodland and nonflood- 
land areas as well as corresponding flood stage 
profiles and areas of inundation. These streams are 
shown on Map 28 and consist of: 1) the main stem 
of Oak Creek in the Cities of Franklin, Oak Creek, 
and South Milwaukee; 2) the North Branch of Oak 
Creek in the Cities of Milwaukee and Oak Creek; 



Map 27 

SEASONAL HIGH GROUNDWATER IN THE OAK CREEK WATERSHED 

The seasonal high groundwater in the watershed msy be expected to be less than 10 feet beneath the land surfafie for about $6peroWof the 
weterrhed area. The seasonal hlgh groundwater may be expected to be betwesn'10 and 30 feet beneath the land surfaw Cor the remaining 
61 percent of the watershed area. As would be expected, seasonal hlgh groundwater is clos.¶n to the land surface in togographirnlby low areas, 
such as those along Oak Creek and its major tributaries. 

sourcs: U. S. a e h l ~ ' c ~ 1  Survey end SEWRPC. , , I  I 



Map 28 

STREAM REACHES I N  THE OAK CREEK WATERSHED SELECTED 
FOR PREPARATION OF FLOOD HAZARD INFORMATION 

LEGEND 

V STREhM REACMES FOR WWlCH F L O W  DISCHARGES AND 
-FILES WERE -LOPED U N X R  TbE WATERSHED STUm 

A total 26 miles of nream in the Oak Creek watershed were selected for development of detailed flood hazard information. A detailed inven. 
tory WBS conducted of the 26 miles to  determine the storage and conveyance characterinics of the floodlands and the hydraulic capacitv of all 
bridges, culverts, dams, and drop structures. 

Source: SEWRPC, 



3) the Mitchell Field Drainage Ditch in the Cities 
of Milwaukee and Oak Creek; 4) Southland Creek 
in the City of Oak Creek; 5) the tributary to 
Southland Creek in the City of Oak Creek; and 
6) the tributary to Upper Oak Creek in the City of 
Franklin. Tables 30 and 31, and Map 31 present 
selected information on these stream reaches 
and the tributary drainage areas. As indicated in 
Table 30, detailed flood hazard information was 
developed for a total of 26.0 miles of streams in 
the Oak Creek watershed. 

Subsequent to the identification of the above 26.0 
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 determi- 
nant of river stage. 

Channel Profiles: Figure 19 shows channel profiles 
for the 26.0 miles of stream selected for the 
development of detailed flood hazard information. 
The sources of data for these channel bottom 

profiles were channel bottom elevations at bridges, 
culverts, dams, and drop structures, determined 
from 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 Oak Creek and generally 
flatter slopes on the Middle Oak Creek, the North 
Branch of Oak Creek, and the Mitchell Field 
Drainage Ditch. The slopes on the Lower Oak 
Creek are generally steep from the Lake Michigan 
shoreline to the Chicago & North Western Railway 
right of way, and then are generally flatter. All 
other hydraulic factors being equal or similar, steep 
channel slopes result in high streamflow velocities 
and shorter runoff times, whereas flat slopes 
produce lower velocities and longer runoff times. 
Channel slopes in the Oak Creek, North Branch of 
Oak Creek, and the Mitchell Field Drainage Ditch 
range from 4.1 to 19.2 feet per mile, whereas much 
steeper slopes occur in the smaller tributaries, 
ranging from 25.4 to 37.1 feet per mile. 

Although the channel profiles do illustrate the 
magnitude and variation of slopes throughout the 
watershed stream system, the primary purpose of 
developing the profiles was to provide a basis for 
estimating channel bottom elevations for channel- 
floodplain cross sections located at points between 

Table 30 

SELECTED HYDRAULIC DATA FOR THE OAK CREEK WATERSHED: 1984 

Source: SEWRPC. 
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Stream Reach for 
Which Flood Stage 

Profiles Were 
Developed 

Lower Oak Creek 

Middle Oak Creek 

Upper Oak Creek 

M~tchell Field 
Drainage Ditch 

North Branch 
Of Oak Creek 

Southland Creek 

Tr~butary to 
Southland Creek 

Trbbutarv to 
Upper Oak Creek 

Total 

Length 
(miles) 

5.14 

4.66 

4.02 

3.31 

5.82 

1.77 

0.73 

0.55 

26.00 

Elevation 
Difference 

in Feet from 
Mouth to 

Upstream End 

74.6 

19.2 

77.4 

35.6 

62.8 

45.0 

21.9 

20.4 

Stream 
Slope 
(feet1 
mile) 

14.5 

4.1 

1 9 2  

10.8 

10.8 

25.4 

30.0 

37.1 

Bridges and Culverts Major Channel 
Modifications 

Hydraulically 
Significant 

16 

10 

20 

9 

21 

8 

1 

8 

93 

Total 

23 

10 

26 

9 

24 

6 

1 

8 

109 

Total 

21 

10 

22 

9 

22 

8 

1 

8 

101 

Hydraulically 
Inrign~f~cant 

5 

2 

1 

8 

Total 

2 

4 

2 

8 

Miler 

2.54 

0.76 

2.09 

3.31 

3.37 

0.13 

- 

.. 

12.20 

Dams and Sills 

Percent 

49 

16 

52 

100 

58 

7 

.. 

- 

47 

All Structures 

Hydraulically 
Significant 

2 

4 

2 

8 

Hydraulically 
Significant 

18 

10 

24 

9 

23 

8 

1 

8 

101 

Hydraulically 
Insignificant 

- 
Hydraulically 
lnrigniflcant 

5 

2 

1 

8 



Table 31 

SELECTED HYDROLOGICAL DATA FOR THE OAK CREEK WATERSHED: 1980 

Subwatershed 

Source: SEWRPC 

the bridges, culverts, dams, and sills at which 
channel bottom elevations were not determined 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 Oak Creek watershed 
planning program. 

Area 

Subwatershed 

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 extent of lateral inunda- 
tion for a given flood discharge. Approximately 
534 floodland cross sections at an average spacing 
of 260 feet were developed for the 26.0 miles of 
stream studied in the Oak Creek watershed for the 
development of detailed flood hazard information. 
The aforementioned cross sections exclude those 

1980 Urban Land Use 

Number 

1 

2 

3 

4 

5 

immediately upstream and downstream of bridges, 
culverts, and other hydraulic structures, since the 
latter are intended to represent the configuration 
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 simulation model as described in Chapter 
VIII, "Water Resources Simulation Model." 

Total Area 
Tributary To 

Downstream-Mort 
Point 

Name 

Lower Oak Creek 

Middle Oak Creek 

UpperoakCreek 

North Branch 
Oak Creek 

Mitchell Field 
Drainage Ditch 

Floodland cross sections were developed from 
several sources, including the available large-scale 
topographic maps and field-surveyed cross sections 
obtained under the watershed study. Channel 
bottom elevations for some cross sections were 
obtained from the channel profiles prepared under 
the study. Map 29 indicates the primary source 
of floodland cross-section data by river reach 
throughout the 26.0 miles of stream for which 

Acres 

Total 

Residential 

Subbasins 

Square 
Mtler 

(19801 

5 031 

6.537 

3.801 

8.047 

3.826 

27.24 

Acres 

17.436.24 

11,767.12 

2.433.23 

5.150.32 

2,449.14 

17.436.24 

1 

2 

3 

4 

5 

Acres 

1.146 45 

589.67 

559.39 

941.79 

242.72 

3.480.02 

Percent 
of 

Watershed 

18.0 

24.0 

14.0 

30.0 

14.0 

100.0 

Square 
Mller 

27 242 

18.385 

3.801 

8047 

3.826 

27.24 

Percent of 
Subwatershed 

35.6 

14.1 

23.0 

18.3 

9.9 

20.0 

Retail and Service 

1980 Rural Land Use 

Number 
~~~~~~~~ 

5 

4 

i 

7 

4 

24 

Lower Oak Creek 

Middle Oak Creek 

~ p p e r ~ a k c r e e k  

North Branch 
Oak Creek 

Mitchell Field 
DrainageDitch 

Acres 

59.51 

19.74 

27.85 

76.56 

28.09 

211.75 

Woodlandr. Wnlandr 
and Surface Water 

3.219.98 

4.183.57 

2.433.23 

5,150.32 

2,449.14 

Total 

Percent of 
Subwatershed 

1.8 

0.5 

1.1 

1.5 

1.1 

1.2 

Industrial 

Largest 
(square 

miles1 

1.58 

2.80 

1.39 

2.30 

1.28 

2.80 17.436.24 

Acres 

110.85 

12 64 

13.50 

268.01 

73.45 

478.45 

Agricultural and 
Orher Open Landn 

Percent of 
subwatershed 

21.5 

55.0 

54.8 

46.6 

44.2 

44.8 

~~~~s --- 
887.06 

2.939.35 

1,470.51 

2,805.73 

1,172.11 

9.274.76 

Acres 

Percent of 
Subwatershed 

3.4 

0.3 

0.6 

5.2 

3.0 

2.7 

Transportation. 
C o m m ~ n i c ~ t i o n  and 

Utility Facilities 

Total Rural 

Smallest 
(square 
miles) 

0.62 

0 74 

0.71 

0.35 

0.72 

0.35 

Percent of 
subwatershed 

27.6 

70.3 

60.4 

54.5 

47.9 

53.2 

194.97 

640.03 

136.80 

406.77 

89.23 

1.467.80 

Acres 

596.54 

389.15 

316.85 

980.00 

805.69 

3,08823 

Mean Area 
(square 
mllerl 

1.01 

1.63 

0.95 

1.15 

0.96 

1.14 

Percent of 
Subwatershed 

18.5 

9.3 

13.0 

19.0 

32.9 

17.7 

Governmental 
and lnn8tutional 

6.1 

15.3 

5.6 

7.9 

3.6 

8.4 

Acres 

151.62 

104.38 

5.48 

51.68 

124.57 

437.73 

692.09 

2.299.32 

1.333.71 

2,398.96 

1.082.88 

7.80696 

Percent of 
Subwatershed 

4.7 

2.5 

0.2 

1.0 

5.1 

2.5 

Recreational 

Acres 

267.95 

128.64 

39.65 

26.55 

2.51 

465.30 

Total Urban 

Percent of 
Subwatershed 

8.3 

3.1 

1.6 

0 5 

0.1 

2.7 

Acres 

2,332.92 

1,244.22 

962.72 

2.344.59 

1,277.03 

8,161.48 

Percent of 
Subwatershed 

72.5 

29.7 

39.6 

45.5 

52.1 

46.8 



Figure 19 

CHANNEL BOTTOM PROFILES FOR OAK CREEK AND SELECTED TRIBUTARIES 

Source: SEWRPC. 

detailed flood hazard information was developed. useful in all phases of floodland management, 
A floodland cross section, typical of those that including the delineation of floodland regulatory 
were drawn prior to coding the data for input to zones. Furthermore, closely spaced cross sections 
the hydraulic submodel, is shown in Figure 20. facilitate, subsequent to completion of the water- 

shed plan, the hydraulic evaluation of proposed 

Numerous factors were considered in the selection floodland Or rherine area 
of the location, length, and orientation of the changes. 

floodland cross sectibns. These factors included 
nonhydraulic plan preparation and implementation 
as well as strictly hydraulic considerations. 

A principal hydraulic consideration was the selec- 
tion of locations representative of the reach encom- 
passed by the cross section. Other hydraulic 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 

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 evaluation 
of the hydraulic effect of proposed riverine area 
developments in one community on upstream or 
downstream communities. Another nonhydraulic 
consideration was placement of cross sections at 
the points where U. S. Public Land Survey section 
and quarter section lines intersect the streams in 
order to facilitate the preparation of large-scale 
flood hazard maps showing the numerical value of 
the regulatory flood stages related to real property 
boundary lines. 



Map 29 

SOURCES OF CROSS SECTION DATA FOR CHANNEL 
AND FLOODPLAIN IN  THE OAK CREEK WATERSHED 

LEGEND 

LABOE SCALE TOPOORAPlllC MAPPING-ONE OF 
AERIAL PWOTOGRAPWI 

m 
m I""" m 1980 

M T E  R15 MAP 5 - .U T E D i C  T-LT PORT C h  O i  
T*E ~ A ~ E T ~ - E D S T S T E ~ F C S  A l l c .  i c E  
FLWOSTbGE PPOF .ES "ERE DE E L F E D  

ZTOPmRriPr( C ?*I- hC . P O  FOR T-E 
OE.E.I)R8LhTOF C.~~W.-F.UOCP.III '  
C-9 SECTIONS 9 SmOnhTO TIE N-ST 
J 5  R B L . C - A ~ D ~ . R . E I  (*.IPIERS;T CNS 

Approximately 530 floodland crors-sections at an average spacing of 260 feet were developed for the 26 miles of stream modeled under the 
Oak Creek watershed study. The f lwd land cross-sectionr were developed from the several sources shown above, which include large-scale 
topographic maps of the riverine areas. Floodland cross-sections are used t o  determine the hydraulic characterirticr of the stream channel 
and floodplains, characteristics that determine flood stage and the extent of lateral inundation far a given flood discharge. 

Source: SEWRPC. 
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Figure 20 

TYPICAL CROSS SECTION OF CHANNEL AND 

CROSS SECTION A A  



With respect to orientation, the floodland cross 
sections were positioned to be approximately 
perpendicular to the main flow of the stream and 
its floodplain during flood flow conditions. The 
terminal points of the cross sections were estab- 
lished 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. 
Roughness coefficients are a function of several 
factors, including the kind of material-such as 
earth, gravel, and rock-forming the channel and 
attendant natural 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 
26.0 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 32, 
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 
hydrologichydraulic 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 with ensuing lowering of the 
channel profile; channel widening; placement of a 
concrete invert and sidewalls; removal of dams, 
sills, or other obstructions to flow; and recon- 
struction of selected bridges and culverts. At times 
the natural channel may be relocated or com- 
pletely enclosed in a conduit. These modifica- 
tions to the natural channel generally yield a lower, 
hydraulically more efficient waterway, which 
results in significantly lower flood stages within the 

channelized 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 
purposes to lower high groundwater tables beneath 
fields near streams to improve soil moisture condi- 
tions 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 Oak 
Creek watershed has been intentionally modified 
for flood control and agricultural drainage pur- 
poses. Of the 26.0 miles of stream system in the 
watershed selected for development of detailed 
flood hazard data, about 12.2 miles, or 47 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 numer- 
ous public and private parties, and consequently 
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 Oak Creek 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 in 
which, and the long period of time over which, 
such drainage improvements have been installed, it 
is not possible to determine precisely the total 
tile-drained area. Tile outfalls observed at numer- 
ous locations in the watershed indicate that artifi- 
cial subsurface drainage of agricultural lands is 
widespread in the basin. Tiledrained areas are 
often, though not always, associated with channel 
improvement. This is because straightening and 



Table 32 

MANNING ROUGHNESS COEFFICIENTS APPI-IED TO THE 
CHANNEL AND FLOODPLAINS OF THE OAK CREEK WATERSHED 

a The composite Manning roughness coefficient for a channel reach = k In, + n + ng + n4/. 
2 

Source: V. T. Chow, Open Channel Hydraulics, (New York: McGraw-Hill, 19591, Chapter 5. 

Channel 

deepening of natural channels is often required increase the capacity for temporary soil water 
to provide adequate outlets for the agricultural storage during the growing season. The net result 
drain tiles. may generally be expected to increase the total 

volume of streamflow due to a reduction of 
The effect of artificial drainage on the flow regi- evapotranspiration losses. In the spring, when ice 
men of a watershed is particularly difficult to and snow conditions cause blocking of the drainage 
analyze, because the effect of the drainage is not to courses, there is probably little overall effect on 
reduce the surface water storage, but rather to natural flow conditions. During the frost-free 

Roughness 
Coefficient 
componenta 

0.013 

0.020 

0.025 

"1 
0.024 

0.028 

0.000 

0.005 

"2 
0.010 

0.020 

0.000 

0.010-0.01 5 

n3 0.020-0.030 

0.040-0.060 

0.005-0.010 

0.01 0-0.025 

"4 
0.025-0.050 

0.050-0.1 00 

1 .OOO 

k 1.150 

1.300 

Condition 

Material 
l nvo lved 

Degree of 
Irregularity 

Relative Effect 
of Obstructions 

Vegetation 

Degree of 
Meandering 

Concrete 

Earth 

Rock cut 

Fine gravel 

Coarse gravel 

Smooth 

Minor 

Moderate 

Severe 

Negligible 

Minor 

Appreciable 

Severe 

Low 

Medium 

High 

Very high 

Minor 

Appreciable 

Severe 

Floodplain 

Roughness 

Minimum 

0.025 

0.030 

0.020 

0.025 

0.030 

0.035 

0.035 

0.040 

0.045 

0.070 

0.1 10 

0.030 

0.050 

0.080 

0.100 

Pasture 

Cultivated 
Areas 

Brush 

Trees 

Condition 

Short grass 

High grass 

No Crop 

Mature row crops 

Mature field crops 

Scattered brush, heavy weeds 

Light brush and trees, in winter 

Light brush and trees, in summer 

Medium to dense brush, in winter 

Medium to dense brush, in summer 

Dense willows, summer, straight 

Cleared land with tree stumps, 
no sprouts 

Same as above, but with heavy 
growth of sprouts 

Heavy stand of timber a few 
down trees, little undergrowth, 
flood stage below branches 

Same as above, but wlth flood 
stage reaching branches 

Normal 

0.030 

0.035 

0.030 

0.035 

0.040 

0.050 

0.050 

0.060 

0.070 

0.100 

0.150 

0.040 

0.060 

0.100 

0.120 

Coefficient 

Maximum 

0.035 

0.050 

0.040 

0.045 

0.050 

0.070 

0.060 

0.080 

0.1 10 

0.160 

0.200 

0.050 

0.080 

0.120 

0.160 



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, shortduration rainfall 
events during which soil infiltration capacity is the 
limiting factor, it is doubtful that tiling in the Oak 
Creek watershed has a significant influence on peak 
rates of runoff. 

~ Map 30 shows the lineal extent of known man- 
made channel modifications within the Oak Creek 
watershed on the stream system selected for 

I 
development of detailed flood hazard data. The 
following two types of channelization were 
observed in the Oak Creek watershed: 

I 1. Minor channelization: Localized clearing 
and widening with scattered straightening. 
Little or no concrete or masonry on either 

I the channel bottom or side slopes. Channel 
modifications not readily apparent to the 
casual observer. 

1 2. Major channelization: Continuous and ex- 
tensive deepening, widening, and straight- 
ening, possibly with major relocations. 

I Extensive application of concrete or 
masonry to channel bottom and/or side 
slopes and walls. Channel modifications 
are readily apparent to  the casual observer. 

The 26.0 miles of the watershed stream system 
selected for hydralogic-hydraulic simulation con- 
tain, as shown in Table 30, about 12.2 miles of 
known major channel modifications, or about 47 
percent of the stream system selected for develop- 
ment of detailed flood hazard data. I t  is difficult to 
identify with certainty all of those stream reaches 
in the minor channelization category since various 
degrees of channel modifications are located 
throughout the Oak Creek 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 Oak Creek 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, generally 

reduces the floodwater storage capability of the 
modified reach, thereby generally giving rise to 
downstream flood hydrographs that have, relative 
to prechannelization 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 surface 
runoff and decrease peak discharges in the down- 
stream direction, while channel improvements 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 possi- 
bility points to the need for proper water manage- 
ment practices based upon a comprehensive 
watershed plan. In recognition of the need to 
evaluate the potential downstream effect of 
channelization proposals within the Oak Creek 
watershed, one of the standards supporting the 
adopted water control facility development objec- 
tives, as set forth in Chapter X, "Watershed Devel- 
opment Objectives, Principles, and Standards," 
requires the explicit determination of the down- 
stream impact of proposed channel modifications. 
Because historic 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 regimen 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- 
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larly with respect to localized effects. The con- 
striction 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 signifi- 
cantly larger than would exist in the absence of the 
bridge or culvert. 

As of the end of 1983, the 26.0 lineal miles of 
Oak Creek watershed stream system selected for 
hydrologic-hydraulic modeling were crossed, as 
shown on Map 31, by 101 bridges and culverts 
having an average spacing of 0.25 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 
surveys 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 hydrauli- 
cally 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 railway 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. 
Two examples of this type of hydraulically insig- 
nificant structure are shown in Figure 21. 

The second category of hydraulically insignificant 
bridges and culverts consists of those that are 
elevated 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. No examples of this type 
of hydraulically insignificant structure were found 
in the Oak Creek watershed. 

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 22, 
examples of hydraulically significant structures 
include the Forest Hill Avenue and Chicago, 
Milwaukee, St. Paul & Pacific Railroad crossings of 
the Oak Creek main stem. 

Based on field reconnaissance, 93, or 92 percent, 
of the 101 bridges or culverts on that portion of 
the Oak Creek 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 31 and the 
number of structures on each of the selected 
stream reaches is set forth in Table 30. The average 
spacing of these hydraulically significant structures 
is 3.28 mile. 

To meet the input data needs of the hydraulic 
submodel, it was necessary to  obtain detailed data 
on these 93 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 93 hydraulically significant bridges 
and culverts was obtained by field survey. A 
network of vertical survey control stations- 
bench marks-referenced to National Geodetic 
Vertical Datum was established on all hydraulically 
significant bridges and culverts prior to  the acquisi- 
tion of detailed data on the structures. Closed 
spirit level circuits were run to  establish permanent 
bench marks on each structure to third order 
accuracy. At least one reference bench mark was 
established for each permanent bench mark and a 
record of vertical survey control, like that shown in 
Figure 23, was prepared for each hydraulically 
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One dam, seven sills, and 101 bridges end culverts were inventoried during the course of the Oak Creek watershed study. Data obtained from 
this inventory were used to identify those sills, control structures, bridges, and culverts that can be expected, by virture of hydraulic capacity 
and location in the watershed, to significantly influence flood discharger and stags along the principal stream channels in the kasin. As a result 
of this scwning pmces, 93 bridges and culverts, one dam, and seven sills were identified for later incorporation imo the water resources 
simulation model, asdescribed in Chapter VIII. 
Source: SEWRPC. 



Figure 21 

EXAMPLES OF HYDRAULICALLY INSIGNIFICANT RIVER CROSSINGS I N  THE OAK CREEK WATERSHED 

FOOTBRIDGE OVER OAK CREEK FOOTBRIDGE OVER THE 
NORTH BRANCH OF OAK CREEK 

I 
Soucce: SEWRPC. Source: SEWRPC. 

Figure 22 

EXAMPLES OF HYDRAULICALLY SIGNIFICANT RIVER CROSSINGS I N  THE OAK CREEK WATERSHED 

Source; SEWRPC. 

significant bridge or culvert. As part of the field 
survey work needed to establish the vertical survey 
control network, the channel bottom elevation was 
determined at the upstream face of each of the 93 
hydraulically significant bridges and culverts, 
which, in addition to providing 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 24 shows a 
structure drawing typical of those prepared for 
each of the hydraulically significant bridges and 
culverts in the Oak Creek watershed. 

CHICAGO, MILWAUKEE, ST. PAUL & PACIFIC 
RAILROAD CROSSING OF OAK CREEK 

Source: SEWRPC. 

Dams and Sills: In addition to the 101 bridges and 
culverts located on that portion of the Oak Creek 
watershed stream system selected for development 
of detailed flood hazard information, there is one 
dam and seven dam-like structures, herein called 
sills, for a total of 109 hydraulic control structures. 
The dam is on Oak Creek in the Oak Creek Park- 
way and is used to control the pool level in a 
pond upstream. 

The sills, four of which are located on Upper Oak 
Creek, two on the North Branch of Oak Creek, and 
one on Lower Oak Creek, and the dam were 
determined by field examination to be hydrauli- 
cally significant using criteria similar to those 
applied to bridges and culverts. The locations of 
the dam and the sills are shown on Map 31. Of the 
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specifically, 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 30 
and 31, respectively, and subwatershed and sub- 
basin areas are set forth in Table 33. 
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109 hydraulic structures located on the stream 
system, a total of 101, or about 93 percent, were 
determined to be hydraulically significant. 

The vertical survey control network discussed 
above was extended to the hydraulically significant 
dam and sills, and channel bottom elevations were 
determined at each structure. Detailed information 
on the physical characteristics of the dam and 
sills was obtained by field survey. Cross section 
drawings were prepared for the dam and the sills 
prior to coding the data for use in the hydrologic- 
hydraulic modeling. 

SUBWATERSHEDS AND SUBBASINS IN 
THE OAK CREEK WATERSHED 

Whereas previous sections of this chapter have 
described watershed hydrologic-hydraulic charac- 
teristics on the basis of the entire watershed, this 
last section of the chapter presents hydrologic and 
hydraulic data for each subwatershed. More 

Subwatersheds 
The Oak Creek watershed may be considered to be 
a composite of five subwatersheds, as shown 
on Map 32, each of which is defined as the area 
directly tributary to all or portions of the six 
stream reaches selected for application of hydro- 
logic-hydraulic simulation culminating in the 
development of detailed flood hazard data. These 
subwatersheds are: 1)  the Upper Oak Creek sub- 
watershed, which encompasses 3.801 square miles, 
or 14.0 percent of the total watershed area; 2) the 
North Branch of Oak Creek subwatershed, which 
encompasses 8.047 square miles, or 29.5 percent of 
the total watershed area; 3) the Middle Oak Creek 
subwatershed, which encompasses 6.537 square 
miles, or 24.0 percent of the total watershed area; 
4) the Mitchell Field Drainage Ditch subwatershed, 
which encompasses 3.826 square miles, or 14.1 
percent of the total watershed area; and 5) the 
Lower Oak Creek subwatershed, which encom- 
passes 5.031 square miles, or 18.4 percent of the 
total watershed area. 

Channel modifications are known to have occurred 
in 49 percent of the stream reaches selected for 
development of flood hazard information in the 
Lower Oak Creek subwatershed, 16  percent in the 
Middle Oak Creek subwatershed, and 46 percent in 
the Upper Oak Creek subwatershed. Channel 
modifications are also known to have occurred in 
42 percent of the stream reaches selected for devel- 
opment of flood hazard information in the North 
Branch Oak Creek subwatershed and 92 percent in 
the Mitchell Field Drainage Ditch subwatershed. 

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 33, a total of 24 
subbasins was delineated in the watershed, ranging 
in size from 0.351 to 2.798 square miles, and 
having an average area of 1 .I35 square miles. These 
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Table 33 

AREAS OF SUBWATERSHEDS AND SUBBASINS I N  THE OAK CREEK WATERSHED 

Source: SEWRPC. 

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. 

Number 

1 

2 

3 

4 

5 

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 though 
those streams and drainageways may not have 
been selected for development of detailed flood 
hazard data under the watershed planning program, 

Identification 

LOC-20 
LOC-21 
LOC-22 
LOC-23 
LOC-24 

MOC-12 
MOC-13 
MOC-14 
MOC-15 

uoc-1 
UOC-2 
UOC-3 
UOC-4 

NBOC-5 
NBOC-6 
N BOC-7 
NBOC-8 
NBOC-9 
N BOC-I 0 
NBOC-11 

MFDD-16 
MFDD-17 
MFDD-18 
MFDD-19 

such delineations may be useful in subsequent 
extensions and refinements of the Oak Creek 
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, 
near village and city boundaries, and at the up- 
stream end of stream reaches for which flood 
hazard data were to be developed. Some subbasins 
were established to correspond to areas of special 

Subwatersheds 

Name 

Lower 
Oak Creek 

Middle 
Oak Creek 

Upper 
Oak Creek 

North Branch 
Oak Creek 

Mitchell Field 
Drainage Ditch 

Subbasins 

Area 
(square 
miles) 

1.584 
1.083 
0.620 
0.894 
0.850 

1.114 
0.738 
2.798 
1.887 

0.71 0 
0.746 
1.391 
0.954 

0.71 1 
0.860 
0.351 
0.626 
2.303 
1.863 
1.333 

0.877 
0.948 
1.281 
0.720 

Area 
(square 
miles) 

5.031 

6.537 

3.801 

8.047 

3.826 

Total Area 
Tributary to 

Subbasin 
Discharge Point 
(square miles) 

23.795 
24.878 
25.498 
26.392 
27.242 

12.962 
13.700 
1 6.498 
18.385 

0.710 
1.456 
2.847 
3.801 

0.71 1 
0.860 
1.21 1 
2.548 
4.851 
6.714 
8.047 

0.877 
1.825 
3.106 
3.826 

Total Area 
Tributary to 
Su bwatershed 

Discharge Point 
(square miles) 

27.242 

18.385 

3.80 I 

8.047 

3.826 



Map 32 

SUBWATERSHEDS IN THE OAK CREEK WATERSHED 

Five subwatsr~hed~ ware delineated within the Oak Creek waterrhed with areas of 3.80.6.54.5.03.8.05. and 3.83 square miles for the Upper 
Oak Creek, Middle Oak Creek, Lower Oak Creek, North Branch o f  Oak Creek, and Mitchell Field Drainage Ditch subwaterrheds, respectively. 
In addition t o  providing rational units for hydrologic analysis, the subwatersheds serve as geographic units that enable the watershed resident 
t o  readily identify the relationship of hio or her l o a l  drainage area t o  the Oak Creek waterrhed. 

Source: SEWRPC, 



Map 33 

SUBBASINS OF THE OAK CREEK WATERSHED 
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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 Oak Creek 
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 1) data on precipitation, evapotran- 
spiration, and other aspects of the hydrologic 
budget; 2) data on the volume and timing of runoff 
as revealed by stream gaging records; and 3) data 
on the location and quantity of water contained 
within the aquifers 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 hydraulic significance of the 
dams, bridges, culverts and other hydraulic struc- 
tures in the watershed. 

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 management 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 30.9 inches annually. Surface water runoff 
and evapotranspiration losses constitute the 
primary outflow from the basin. The average 
annual runoff approximates 11.5 inches and 
the annual evapotranspiration loss total is about 
19.4 inches. 

Streamflow and flood stage records available for 
the Oak Creek stream system reveal that for 
predominantly rural areas two periods during the 
year are the most likely to produce major flooding. 
Historically, the period February through April 
and the month of June have produced about 80  
percent of the annual flood peaks in the rural areas 
of the Oak Creek watershed. In contrast, highly 
urbanized watersheds which contain relatively large 
amounts of impervious surface area, extensive 
stormwater 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 
expected, for the most part, during all months of 
the year with the possible exception of the months 
of December and January. 

Approximately 26.0 lineal miles of the watershed 
stream system were selected for development of 
detailed flood hazard information, including 
discharge-frequency relationships, flood stage pro- 
files, and mapped areas of inundation for selected 
flood recurrence intervals. Detailed data were 
obtained for 101 hydraulically significant dams, 
bridges, culverts, and sills on that portion of 
the stream system, and for 534 floodland cross 
sections, all of these 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 
aquifer 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 overlying semipermeable Maquoketa shale 
formation. The dolomite aquifer and the uncon- 
solidated 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 aquifers directly beneath the 
watershed would be sufficient to cover the entire 
watershed to a depth at least 200 feet. Ground- 
water in the deep sandstone aquifer beneath the 
watershed moves in a generally northerly direction 
toward Milwaukee. Flow in the dolomite and 
sand and gravel aquifers tends to be more varied 
but exhibits an overall movement toward Lake 
Michigan. 

The Oak Creek watershed may be considered as 
a composite of five subwatersheds, namely the 
Upper Oak Creek, North Branch of Oak Creek, 
Middle Oak Creek, Mitchell Field Drainage Ditch, 
and Lower Oak Creek subwatersheds having 
areas of 3.80, 8.05, 6.54, 3.83, and 5.03 square 
miles, respectively. Hydrologic-hydraulic infor- 
mation, including land use, channel slopes, hydrau- 
lic structure, and channel modification data, 
was inventoried and analyzed for each of these 
subwatersheds. 
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Chapter VI 

HISTORIC FLOOD CHARACTERISTICS AND PROBLEMS 

INTRODUCTION 

Flooding of the stream system of the Oak Creek 
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 floodland and nonfloodland 
areas of the basin-and the hydrologic-hydraulic 
behavior of the stream system. Unnecessary 
occupancy 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 watershed. Some of these problems, but not 
all, have been at least partially resolved through the 
construction 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 significant 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 
watershed and Region for such development- 
aggravated by increased flood flows attributable to 
upstream urbanization. Because the Oak Creek 
watershed is not yet fully 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 
information on the character and nature of flood- 
ing within this 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," is 
directed primarily at the inventory and analysis 
of flood problems along the 26.0 miles of stream 
channels in the Oak Creek watershed selected 
for development of detailed flood hazard data 
and attendant flood control plans, as shown on 
Map 28. The Oak Creek watershed plan is intended 
to  provide recommendations for resolution of 
existing flood problems along these selected stream 
channel reaches and prevention of future flood 
problems in the associated riverine areas. The 
watershed planning process is not intended to  
address the resolution of stormwater 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 



cannot be predetermined, although the average 
recurrence interval of such a flood is amenable to 
engineering analyses. How much of a natural 
floodland will be occupied depends on the severity 
of the flood and, more particularly, on the peak 
elevation of the floodwaters. Thus, an infinite 
number of outer limits of natural floodlands may 
be delineated, each related to a specified recur- 
rence interval as determined by engineering analy- 
ses. 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 problems-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 
floodlands results in disruption, monetary dam- 
ages, and risks to human health and life. 

Stormwater inundation is defined herein as the 
localized ponding of stormwater 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 
conveyance 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. 

Stormwater inundation and riverine area flooding, 
as defined herein, differ in several significant ways. 
While stormwater 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 stormwater inundation are small- 
generally less than one square mile. Flooding 
generally occurs along major perennial streams, 
whereas stormwater inundation is associated with 
intermittent channels or man-made drainageways 
or drainage swales. In contrast to areas experi- 
encing flooding, areas experiencing stormwater 
inundation tend to be a discontinuous, series of 
relatively small and scattered pockets not neces- 
sarily located in the lowest areas or near major 
streams or even near small intermittent channels 

or other well-defined drainageways. The definition 
of urban areas subject to stormwater inundation 
requires detailed analysis of local topography and 
local street and associated building grades and of 
local stormwater drainage and sanitary sewerage 
systems, whereas the definition of flood-prone 
areas requires a broader, watershedwide analysis of 
the riverine areas of the major streams. 

Stormwater problems are not necessarily synony- 
mous with stormwater inundation. Stormwater 
problems, and the demand for works and measures 
to control stormwater runoff as it moves toward 
the natural and man-made drainageways, are 
created only when urban development occurs 
without proper regard for stormwater runoff 
conveyance and storage needs. Such local problems 
in urban design are to be differentiated from 
the areawide problems referred to as flooding- 
associated with the movement of waters away from 
a channel, and up onto adjacent lands. Thus, the 
analysis of local stormwater drainage problems is 
not addressed in the comprehensive watershed 
planning studies conducted by the Commission 
generally, and is therefore beyond the scope of the 
Oak Creek watershed study specifically, as agreed 
by the Oak Creek Watershed Committee during 
preparation of the Oak Creek Watershed Planning 
Program 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 locationand extent of some flood-prone 
areas within the Oak Creek 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 such information available for 
probable future land use conditions and therefore 
adequate as a basis for the development of alterna- 
tive flood control plans. One important use of 
historic flood information in the watershed study 
was the identification and delineation of all river- 
ine areas in the watershed that not only are subject 



to  flooding, but in which the flooding either causes 
or has the potential to  cause 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 conditions 
may be too wet for the operation of farm machin- 
ery, resulting in an effectively shorter growing 
season and attendant reductions in agricultural 
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 
buildings are particularly vulnerable to flood 
damage partly because of the many ways in which 
floodwaters can enter such structures. As illus- 
trated in Figure 25, 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 founda- 
tions, water may enter through cracks or structural 
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- 
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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 suffi- 
cient magnitude to lift or otherwise move a struc- 
ture 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 via the hydraulic connections between the 
inundated area--the area of primary flooding-and 

basements that are provided sanitary, storm, 
or combined sewer systems. Such flooding of 
basements outside of, but adjacent to, the area of 
primary flooding is herein defined as secondary 
flooding. According to officials of the communities 
located within the watershed, secondary flooding 
either has not been, or is no longer considered to 
be, a significant problem. Therefore, damages 
attributed to secondary flooding were not included 
in the flood damage estimates determined under 
this study. Primary and secondary flooding zones 
are illustrated in Figure 26. 

Calibration of the Hydrologic-Hydraulic Model 
Flood flows, stages, and areas of inundation 
throughout the watershed were developed by 

Figure 26 
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application of a mathematical simulation model. 
Sound engineering practice requires "calibration" 
of such a model through careful comparisons 
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 
inundated; 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 or absence of a basement; and 5) on the 
market value of the structure and land excluding 
contents. Damage to structure contents is deter- 
mined as described later in this chapter under 
"Determination of Indirect Damages." 

Formulation of Alternative 
Flood Control Measures 
Alternative flood control measures include acquisi- 
tion and removal of flood-prone structures, struc- 
ture floodproofing, channel modification, and 
construction of dikes, floodwalls, and flood 
control reservoirs. To be technically feasible, the 
measures and combinations of measures formu- 
lated for each flood-prone 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 
flooding but are not effective, if used alone, in 
those riverine areas that incur extensive secondary 
flooding. Formulation of alternative flood control 
measures for a particular reach, therefore, is 
influenced 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 informa- 
tion all relate to the preparation of comprehensive 
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 
control recommendations contained in the adopted 
watershed plan. Historic flood information-in 
contrast with flood hazard information produced 
by mathematical modeling-is particularly effec- 
tive 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 contribute 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 Oak 
Creek watershed presented in this chapter. The 
inventory of historic flooding was initiated by 
reviewing engineering and planning reports previ- 
ously 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 six crest stage gages located in the 
Oak Creek watershed were obtained and analyzed 



to identify flood dates since June 1958.' These 
dates were supplemented by dates of major historic 
flood events in the nearby Menomonee River 
watershed as documented in the Commission's 
comprehensive planning study for that watershed. 
In addition, synthetic streamflows generated for 
the Oak Creek 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 
newspaper 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 Milwaukee Journal, 
The Oak Creek Pictorial, and The South Milwau- 
kee VoiceJournal. Paralleling the review of these 
newspapers, the Commission staff contacted 
officials of various organizations, including officials 
of the Milwaukee Metropolitan Sewerage District, 
the City Engineers from the Cities of Franklin, 
Milwaukee, Oak Creek, and South Milwaukee, the 
Airport Engineer for General Mitchell Field, and 
officials of the Wisconsin Air National Guard and 
the Milwaukee County Historical Society. 

' A  crest stage gage is located at the Nicholson 
Road crossing of Oak Creek and has been in opera- 
tion since 1958; a continuous record streamflow 
gaging station is located on Oak Creek at 15th 
Avenue and has been in operation since October 
1963. Both of these gages are operated by the U. S. 
Geological Survey in cooperation with the Milwau- 
kee Metropolitan Sewerage District and the South- 
eastern Wisconsin Regional Planning Commission. 
In addition, there are four crest stage gages on Oak 
Creek operated by the Milwaukee Metropolitan 
Sewerage District. These gages are located at 
S. Howell Avenue, E. Puetz Road, and two at 
S. Pennsylvania Avenue. These gages have been 
operated since January 1972, September 1967, 
and April 1979, respectively. A fifth gage was 
operated by the District at the Drexel Avenue 
crossing on the North Branch o f  Oak Creek but 
was removed when this bridge was replaced in 
1981. I t  has provided a period o f  record from 
April 1971 to February 1981. 

ACCOUNTS OF HISTORICAL FLOODS 

Method of Presentation. 
The historical flood information for the Oak 
Creek 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. Eight major 
flooding periods were identified beginning with the 
June 22, 1917, flood and extending through the 
September 13, 1978, flood. Although the disrup- 
tion 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. 

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 in the 
descriptions of historic flooding are those reported 
or otherwise recorded during or shortly after each 
flood event and have not been adjusted to current 
economic levels. 

Although historical 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 inven- 
tory. However, photographs and reports eoncern- 
ing the extent of flooding for particular events 
within the Oak Creek 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 federal flood 
insurance studies for the Cities of South Milwau- 



kee, Oak Creek, and ~ r a n k l i n . ~  Table 34 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 34. 
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 hydraulic structure 
data for the Commission's hydrologic-hydraulic 
simulation analyses; and to the differences in 
techniques used to determine peak flood discharges 
for the watershed. Discharges used in the federal 
flood insurance studies were based upon a statisti- 
cal analysis of the stream gage records for the gages 
at S. 15th Avenue and at Nicholson Road, as 
opposed to the use of the hydrologic submodel 
described in Chapter VIII. For stream reaches 
where very similar hydraulic structure data and 
flood flows were used by both agencies, good 
agreement was found, thereby further verifying the 
validity of the Commission's simulated flood data. 

Flood of June 22,1917 
In a 24-hour period from June 22 to June 23, 
1917, a total of 5.8 inches of rain was recorded by 
the U. S. Weather Bureau station at ~ i l w a u k e e . ~  
This was the largest 24-hour rainfall amount ever 
recorded by that station. Due to a lack of strearn- 
flow data, either recorded or simulated, it is not 
possible to estimate the recurrence interval of the 
resulting flood. Newspaper accounts indicate that 
there was extensive flood damage to the stonework 
below the Oak Creek Parkway dam as well as to a 
portion of Mill Road north of the dam. Water 

~ e d e r a l  Emergency Management Agency, Federal 
Insurance Administration, Flood Insurance Study, 
City o f  Franklin, Wisconsin, July 1981; U. S. 
Department o f  Housing and Urban Development, 
Federal Insurance Administration. Flood Insurance 
Study, City of Oak Creek,  isc cons in, March 
1978; Federal Emergency Management Agency, - .  

Federal Insurance ~dminis trat ion.-~lood ~nsurance 
Study, City o f  South ~ i lwauhkee ,  Wisconsin, 
November 1979. 

The U. S. Weather Station at Milwaukee, a first 
order station, was located in the central business 
district o f  Milwaukee, a distance o f  about 6.5 
miles from the watershed, from 1879 to 1941; at 
General Mitchell Field, a distance o f  about one- 
half mile from the watershed, from 1941 to  the 
date o f  this report. 

was reported running over Rawson Avenue to the 
west of the bridge over Oak Creek. Farmers also 
reported extensive damage to newly planted crops. 

Flood of June 23,1940 
In a 60-hour period from June 21 to June 24, 
1940, a total of 5.97 inches of rain was recorded 
by the U. S. Weather Bureau station at Milwaukee. 
Of this total, 4.49 inches, or 75 percent, fell on 
June 22. The resulting flood was reported to be the 
worst since the 1917 event and had an estimated 
recurrence interval of about 50 years. The parkway 
drive along the Oak Creek Parkway lagoon, the 
intersection of 16th and Michigan Avenues, and 
Drexel Avenue west of Howell Avenue were 
reported flooded. Many basements were reported 
flooded on the west side of South Milwaukee. 
Hundreds of acres of truck gardens and field crops 
were inundated, with crop damages estimated in 
the thousands of dollars. 

Flood of March 30,1960 
From March 29 through March 30,1960, a total of 
2.57 inches of rain was registered at the U. S. 
Weather Bureau station at Milwaukee. Though that 
was not a particularly heavy rainfall, localized areas 
of intense rainfall along with an unusually high 
snowmelt resulted in major flooding throughout 
the watershed. The resulting flood had an esti- 
mated recurrence interval of about 40 years. 
Streams throughout the watershed, already swollen 
from two days of melting snow, overflowed their 
banks and choked roads with water as the rain 
occurred. The crest of the flood along Oak Creek 
was reached on the night of March 30 and the 
morning of March 31. 

The flood flow in Oak Creek washed out the road 
on the east side of the Manitoba Avenue bridge 
between 14th and 15th Avenues in South Milwau- 
kee. Other inundated roads included the Oak Creek 
parkway drive east of Chicago Avenue and at the 
Chicago & North Western Railway underpass, and 
the intersection of 15th and Michigan Avenues. A 
watershed committee member, Mr. Norbert S. 
Theine, reported that as an Assistant City Engineer 
of the City of Oak Creek, he had made a field 
inspection of the watershed during this flood event 
and had found that all roads in the City of Oak 
Creek portion of the watershed crossing Oak Creek 
were inundated and impassible except STH 32. 

About 300 calls were received by the South 
Milwaukee Police Department, most of them 
reporting flooded basements and asking for assis- 



Table 34 

COMPARISON OF PEAK FLOOD DISCHARGES AND STAGES DEVELOPED FROM THE COMMISSION'S 
HYDROLOGIC-HYDRAULIC SlMLlLATlON SUBMODEL TO THOSE PRESENTED IN  THE FEDERAL 

FLOOD INSURANCE STUDIES FOR THE CITIES OF FRANKLIN, OAK CREEK, AND SOUTH 
MILWAUKEE: EXISTING LAND USE AND CHANNEL-FLOODPLAIN CONDITIONS 

146 

River 
Mile 

0.35 

0.88 

0.94 

0.95 

1.18 

1.32 

1.61 

2.14 

2.35 

2.84 

3.37 

3.62 

3.66 

3.76 

4.01 

4.06 

4.71 

5.25 

5.56 

Location 

Oak Creek 

Downstream First Oak Creek Parkway Bridge 
Upstream First Oak Creek Parkway Bridge 

Downstream Second Oak Creek Parkway Bridge 
Upstream Second Oak Creek Parkway Bridge 

Downstream Mil l  Road Bridge 
Upstream Mil l  Road Bridge 

Oak Creek Parkway Dam 

Downstream Third Oak Creek Parkway Bridge 
Upstream Third Oak Creek Parkway Bridge 

Downstream Fourth Oak Creek Parkway Bridge 
Upstream Fourth Oak Creek Parkway Bridge 

Downstream Chicago Avenue Bridge 
Upstream Chicago Avenue Bridge 

Downstream Fif th Oak Creek Parkway Bridge 
Upstream F i f th  Oak Creek Parkway Bridge 

Downstream Chicago & North Western Railway 
Upstream Chicago & North Western Railway 

Downstream 15th Avenue Bridge 
Upstream 15th Avenue Bridge 

Downstream Pine Street Bridge 
Upstream Pine Street Bridge 

Downstream Rawson Avenue Bridge 
Upstream Rawson Avenue Bridge 

Downstream 16th Avenue Bridge 
Upstream 16th Avenue Bridge 

Downstream 15th Avenue Bridge 
Upstream 15th Avenue Bridge 

Downstream Milwaukee Avenue Bridge 
Upstream Milwaukee Avenue Bridge 

Downstream 15th Avenue Bridge 
Upstream 15th Avenue Bridge 

Downstream S. Pennsylvania Avenue Bridge 
Upstream S. Pennsylvania Avenue Bridge 

Downstream Chicago & North Western Railway 
Upstream Chicago & North Western Railway 

Downstream E. Drexel Avenue Bridge 
Upstream E. Drexel Avenue Bridge 

100-Year Recurrence 
Interval 

(cfs) 

commissiona 

1 775b 
1775 

1775 
1775 

1775 
1775 

1760 

1760 
1760 

1760 
1760 

1760 
1760 

1760 
1760 

1760 
1760 

1765 
1765 

1765 
1765 

1765 
1765 

1765 
1765 

1765 
1765 

1765 
1765 

1765 
1765 

1775 
1775 

1 500 
1500 

1500 
1500 

100-Year Recurrence 
Discharge 

Federal 
Flood 

Insurance 
Study 

1960 
1960 

1960 
1960 

1960 
1960 

1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1960 
1960 

1550 
1550 

1550 
1550 

Interval 
(feet above 

commissiona 

586.3 
587.4 

599.4 
601.1 

603.1 

61 7.5 

617.4 
61 7.7 

618.4 
620.0 

623.4 
625.7 

632.3 
632.9 

637.1 
638.0 

641.5 
642.5 

646.9 
647.4 

649.4 
649.9 

649.9 
650.0 

650.2 
650.4 

650.8 
651.1 

651.1 
651.2 

652.4 
653.7 

661.2 
661.5 

662.0 
662.6 

Stage 
NGVD) 

Federal 
Flood 

Insurance 
Study 

587.2 
588.2 

599.6 
601.6 

601.8 

616.8 

616.8 
61 6.9 

619.7 
621 .O 

625.3 
625.8 

633.9 
635.4 

637.1 
637.2 

641.4 
642.6 

647.2 
647.4 

649.2 
649.4 

649.4 
649.7 

650.0 
650.1 

650.9 
651.4 

651.4 
651.6 

653.8 
658.5 

661 .O 
661.4 

662.2 
662.6 



Table 34 (continued) 

River 
Mile 

6.06 

6.25 

6.83 

7.34 

7.44 

8.41 

9.22 

10.06 

10.24 

10.69 

10.97 

11.23 

11.70 

11.97 

12.52 

13.18 

Location 

Oak Creek (continued) 

Downstream Chicago & North Western Railway 
Upstream Chicago & North Western Railway 

Downstream E. Forest Hi l l  Avenue Bridge 
Upstream E. Forest Hi l l  Avenue Bridge 

Downstream E. Puetz Road Bridge 
Upstream E. Puetz Road Bridge 

Downstream Chicago & North Western Railway 
Upstream Chicago & North Western Railway 

Downstream S. Nicholson Road Bridge 
Upstream S. Nicholson Road Bridge 

Downstream S. Shepard Avenue Bridge 
Upstream S. Shepard Avenue Bridge 

Downstream S. Howell Avenue Bridge 
(northbound) 

Upstream S. Howell Avenue Bridge 
(southbound) 

Downstream W. Ryan Road Bridge 
Upstream W. Ryan Road Bridge 

Downstream Chicago, Milwaukee, St. Paul & 
Pacific Railroad 

Upstream Chicago. Milwaukee, St. Paul & 
Pacific Railroad 

Downstream S. 13th Street Bridge 
Upstream S. 13th Street Bridge 

Downstream 1-94 (northbound) 
Upstream 1-94 (southbound) 

Downstream S. 20th Street Bridge 
Upstream S. 20th Street Bridge 

Downstream S. 27th Street Bridge 
Upstream S. 27th Street Bridge 

Downstream S. 31 st Street Bridge 
Upstream S. 31st Street Bridge 

Downstream W. Ryan Road Bridge 
Upstream W. Ryan Road Bridge 

Downstream W. Southland Drive 
Upstream W. Southland Drive 

100-Year Recurrence 100-Year Recurrence 
Interval 

(cfsl 

commissiona 

1500 
1500 

1500 
1500 

1500 
1500 

2080' 
2080 

2080 
2080 

2080 
2080 

2080 

2080 

1030 
1030 

1030 

1030 

1030 
1030 

790 
790 

790 
790 

570 
570 

41 0 
41 0 

410 
410 

210 
210 

Interval 
(feet above 

commissiona 

663.3 
663.5 

663.7 
663.8 

664.1 
664.4 

665.0 
665.5 

666.0 
666.7 

670.6 
671.2 

677.2 

677.6 

680.9 
682.0 

682.1 

684.8 

690.7 
691.7 

691.9 
691.9 

692.0 
692.8 

694.2 
695.1 

698.4 
699.2 

7 10.3 
715.4 

731.2 
733.0 

Discharge 

Federal 
Flood 

Insurance 
Study 

1280 
1280 

1280 
1280 

1280 
1280 

1280 
1280 

1280 
1280 

1280 
1280 

1280 

1280 

535 
535 

535 

535 

535 
535 

470 
470 

470 
470 

360 
360 

320 
320 

320 
320 

204 
204 

Stage 
NGVD) 

Federal 
Flood 

Insurance 
Study 

663.8 
663.8 

664.3 
664.3 

664.7 
665.0 

665.3 
665.3 

665.6 
665.8 

669.2 
669.8 

675.3 

675.5 

678.5 
678.9 

679.2 

685.0 

688.2 
688.3 

689.1 
689.2 

689.4 
691.7 

693.4 
693.5 

697.2 
698.3 

708.7 
712.2 

731.6 
733.2 



Table 34 (continued) 

a Flood discharges and stages which were developed for all o f  the stream reaches studied are listed in Appendix D for existing land use and 
channel conditions, and in Appendix E for year 2000 land use and existing channel conditions. 

River 
Mile 

0.10 

0.92 

2.00 

2.21 

2.25 

2.41 

3.04 

The change in the magnitude of the flood discharge values for the 4.71-mile stream reach between the mouth of Oak Creek and the S. Penn- 
sylvania Avenue bridge is 20 cfs. In order to simplify the hydraulic modeling, a single discharge value of 1780 cfs was used to  calculate stages. 
The use of a single discharge value does not significantly affect the accuracy o f  the resulting flood stages because the actual change in flood 
discharge is small. 

Because of the relatively large floodplain area associated with this stream reach, large amounts of floodwater are temporarily retained, thus 
causing a significant reduction in the peak flood discharges further downstream. 

Location 

North Branch of Oak Creek (continued) 

Downstream Chicago, Milwaukee, St. Paul & 
Pacific Railroad 

Upstream Chicago, Milwaukee, St. Paul & 
Pacific Railroad 

Downstream W .  Puetz Road 
Upstream W .  Puetz Road 

Downstream Wildwood Drive 
Upstream Wildwood Drive 

Downstream W .  Drexel Avenue 
Upstream W .  Drexel Avenue 

Downstream Chicago, Milwaukee, St. Paul & 
Pacific Railroad 

Upstream Chicago, Milwaukee, St. Paul & 
Pacific Railroad 

Downstream S. Sixth Street 
Upstream S. Sixth Street 

Downstream W .  Marquette Avenue 

Source: SEWRPC, 

tance. Reports of water levels above the first floor 
were rare, however. All available pumping equip- 
ment had to be pressed into operation during the 
flood. Many areas of the City of Oak Creek were 
inundated, with a number of farm buildings and 
homes surrounded by water. At E. Drexel Avenue, 
firemen used a rowboat to rescue three people 
stranded on their rooftop. 

Flood of June 11,1967 
Over a six-day period from June 7 to June 12, 
1967, rainfall totaling 4.43 inches was recorded at 
the U. S. Weather Bureau station at Milwaukee. 
Although the recorded streamflows indicate this 
event to have an estimated recurrence interval of 
only about -two years, some flooding did occur. 
The major disruption due to this event occurred on 
the evening of June 12 at the intersection of 17th 
Avenue and Pine Street in the City of South 
Milwaukee, where flooding to depths of three to 
five feet occurred. According to the South Mil- 
waukee Engineering Department, this was caused 
by flood waters from Oak Creek backing up 
through a storm sewer outfall. In addition to this 
sewer backup, many low-lying farm fields were 
reported flooded. 
148 

100-Year Recurrence 
Interval Discharge 

Flood of June 26,1968 
Late June of 1968 brought a series of storms to 

(cfs) 

Commissiona 

1670 

1670 

1450 
1450 

930 
930 

930 
930 

880 

880 

880 
880 

520 

100-Year Recurrence 
Interval Stage 

the Oak Creek watershed, with the U. S. Weather 
Bureau station at Milwaukee reporting 5.26 inches 
of rain from June 21 to June 27, 1968. The 
resulting flood had an estimated recurrence inter- 
val of about three years. Streets were reported 
flooded throughout the watershed, including 
Wildwood Drive over the North Branch of Oak 
Creek and E. Forest Hill Avenue (see Figures 27 
and 28). There were also many reports of flooded 
basements. 

Federal 
Flood 

Insurance 
Study 

930 

930 

800 
800 

598 
598 

598 
598 

598 

598 

598 
598 

440 

(feet above 

commissiona 

683.5 

686.8 

696.1 
698.0 

705.3 
705.3 

705.4 
706.1 

706.0 

709.3 

709.4 
709.9 

713.8 

In rural areas, hundreds of acres of land were 
flooded. Fields of corn and other vegetables were 
drowned out in waters which in some places were 
up to waist level in depth. 

NGVD) 

Federal 
Flood 

Insurance 
Study 

682.2 

684.9 

684.0 
695.3 

703.5 
703.5 

703.8 
705.6 

706.1 

707.3 

707.8 
708.6 

710.4 

Flood of September 18,1972 
From September 16  through September 21,1972, 
3.81 inches of rain was measured at the U. S. 
Weather Bureau station at Milwaukee. The bulk 
of this rain fell from 3:00 p.m. on September 17 
to 6:00 a.m. on September 18, when a total 
of 2.31 inches was recorded. This storm was 
preceded by two and one-half months of unusually 



Map 34 
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COMPARISON OF THE 100-YEAR RECURRENCE INTERVAL FLOODPLAIN AS DELINEATED BY 
THE SEWRPC OAK CREEK WATERSHED STUDY TO THOSE PRESENTED IN THE FEDERAL FLOOD 

INSURANCE STUDIES FOR THE CITIES OF FRANKLIN, OAK CREEK, AND SOUTH MILWAUKEE 

LEGEND 

e E *  SU&3TANIIII&Y MMMON 10 SOiH I FLWDPLAINS 

A W A  W Y E M  FLWOINSURAPCE STUDY 
MCOPLI)INEXCEECdYWRPC FL-IN 

-A WHERE SEWRPC FLOODRAIN ::g;CE:;kOILNOOD INSURaNCE S T U W  

The data provided by the flood stage and flood inundation maps generated from the Cammission's hydrologic-hydraulic simulation submodel 
were compared to similar data presented in the federal flood insurance studies for the cities of Franklin, Oak Creek, and South Milwaukee. 
Observed differences between these data from the two sources may be attributed to actual changer in the channels, bridges, or culverts: to the 
availability of additional and more current hydraulic structure data for the Commission's hydrologic.hydraulic simulation analyses; and t o  
differences in techniques used to determine peak flood discharges for the watershed. 

Source: SEWRPC. 



FIGURE n 

OVERTOFWNG OF THE WILDWOOD DRIVE BRlDC3E OVER THE NORTH BRWW3-l W O A K  GREEK: dWm 26,1968 

The lek phodogra* was taken at about 9:W a.m. on June 26 and shows Wltdwood Drive being OMlRopped by floodwa~ers from the North 
Branch of Oak Greek. The right phofiemph was taken the following morning, 6fter the floodwaters had receded. Evident in thk Picture is the 
erosion caused tothe shoulder of the road by the floodwaters. 

Swrce: SEMrRPC. 

Figure 28 Various accounts describing damage and losses 
exist. Sewers were heavily taxed and in some cases 

FLOODING OF E. FOREST HILL AVENUE were not capable of handling the high flows. Resi- 
WEST OF OAK CREEK: JUNE 27.1968 dents along Marion Avenue in South Milwaukee 

This photograph was taken at about 11:OO a.m. on June 27 and 
shows the inundation of E. Forest Hill Avenue about 50 feet west of 
the bridge over the Oak Creek main stem. Significant damage to 
cram occurred in this area as hundreds of acres of farmland were 
reported flooded. 

Source: SEWRPC. 

wet weather, causing the Oak Creek watershed to 
be in a very flood-prone condition when the 
September 17 rains occurred. The resulting flood 
had an estimated recurrence interval of about 
six years. 

saw sewer manhole covers lifted due to excessive 
hydraulic pressure. Streets were reported to have 
been flooded to depths up to three feet. Among 
the streets flooded were 15th, Marion, Menomo- 
nee, and Pennsylvania Avenues in South Milwau- 
kee; and Nicholson Road, E. Ryan Road, and E. 
Forest Hill Avenue in Oak Creek. By the time the 
cleanup was over, eight truckloads of mud had 
been removed from streets in the southwest area of 
the City of South Milwaukee. 

Damage to buildings was in the thousands of 
dollars. Floodwaters entered buildings through 
basement windows. The South Milwaukee Fire 
Department received about 50 phone calls asking 
for help in pumping out flooded basements, and 
that Department estimated that there were hun- 
dreds of flooded basements in all. Most of the 
problems with basement flooding occurred in the 
southwest area of South Milwaukee. 

F m e r s  also experienced problems due to the 
heavy rains. Fields were heavily rutted, turning 
some acreages into quagmires. Because of the 
damages resulting from this flood event, the U. S. 
Small Business Administration declared Milwaukee 
County a disaster area and, therefore, eligible for 
federal assistance. 



Between April 18 and April 22, 1973, 3.30 inches 
of rainfall-were recorded at the U. S. Weather 
Bureau station at Milwaukee, with 3.09 inches 
falling between 10:OO p.m. on April 20 and 1:00 
a.m. on April 22. This storm was preceded by a 
heavy snowfall and subsequent snowmelt which 
occurred earlier in the month. Although severe 
flooding problems were reported in many parts of 
the Region, relatively few damages were reported 
in the Oak Creek watershed, where the resulting 
flood had an estimated recurrence interval of about 
four years. 

The most prevalent problem was flooding of 
streets, including E. Puetz Road and E. Ryan 
Road. The Pine Street bridge was closed due to 
failing abutment walls. Although flooding was 
reported in the usual low spots in the watershed, 
damage to buildings was minimal, with about 
12 reports of flooded basements. 

Flood of September 13,1978 
From September 11 to September 14, 1978, 
4.19 inches of rainfall were recorded at the U. S. 
Weather Bureau station at Milwaukee. Although no 
serious flooding was reported, a peak discharge of 
1,020 cubic feet per second was recorded at 
the continuous record gaging station at 15th 
Avenue in South Milwaukee. This is the largest 
streamflow recorded at that gage since it was 
placed into operation in 1963. The estimated 
recurrence interval for this flow was about 10 
years. Few flood problems were reported, however, 
probably in part due to the recently completed 
channel improvements between Rawson Avenue 
and Pennsylvania Avenue in South Milwaukee. This 
reach had been the site of some of the most severe 
urban flooding problems in previous years. 

HISTORICAL FLOODING: 
SOME OBSERVATIONS 

One of the uses of historical 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 
Oak Creek watershed. Some observations based on 
information obtained during the research on 
historic 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, 
particularly decisions related to flood problems. 

Variety of Damage and Disruption 
The historical record clearly demonstrates that 
floodwaters can cause physical damage to many 
different 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 dis- 
ruption of social and economic activities in the 
watershed. 

The principal types of damage experienced in the 
Oak Creek 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 
flooding. It is estimated that, under existing land 
use and channel conditions, 22 structures located 
on nine properties may be expected to experience- 
direct flooding during a 100-year recurrence 
interval flood. Nearly all of the flood damages are 
associated with 17 of these structures located on 
four properties. Bridges and culverts and sections 
of roadways have been damaged by the erosive 
action of rapidly moving floodwaters so as to 
require extensive repair. 

A costly type of disruption associated with major 
flood events in the Oak Creek 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, their 
use is temporarily curtailed by inundation. 

In summary, then, the historical flood record 
assembled for the Oak Creek 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 indi- 
rectly disrupt the normal activities of many water- 
shed 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. Although 
there are no known instances of the loss of life in 
association with flooding in the Oak Creek water- 
shed, flood events in the watershed are potentially 
hazardous to people in or near the riverine areas. 
This is 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 Oak 
Creek 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, 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 
trapped in the floodwaters. 

The threat to human life is severe in the Oak Creek 
watershed for three reasons. First, part of the 
watershed is highly urbanized and, therefore, many 
people-particularly many children who are natur- 
ally 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, much of the watershed stream 
system has been subjected to major channelization. 
These hydraulically efficient sections will normally 
exhibit high, and therefore potentially 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 channelized 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 diffi- 
cult because of the relatively steep banks of the 
improved channels which in some cases are rela- 
tively 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 rain- 
fall and snowmelt events. 

In summary, then, historical evidence accumulated 
for the Oak Creek 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 heightened 
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 charac- 
teristic of channelized reaches. 

While the threat of flooding to human life can 
be readily illustrated by reference to historical 
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 
transporting 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 floods as well as the ever-present 
threat of flooding can adversely affect the psycho- 
logical 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 
occasionally must contend with the unpleasant 
task of cleaning contaminated, flood-borne sand, 
silt, and other materials and debris from their 



houses 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 LOSES 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 tweway classification of flood losses 
and risks is set forth in Table 35. 

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 Conser- 
vation 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, stormwater systems, sanitary sewer 
systems, and other utilities; 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. 

Table 35 

CATEGORIES OF FLOOD LOSSES AND RISKS 

Source: SEWRPC. 

Type of 
Damage 

Direct 

Indirect 

Intangible 

Ownership 

Private Sector 

Cost of cleaning, repairing, or replacing 
residential, commercial, and industrial 
buildings, contents, and land 

Cost o f  cleaning, repairing, or replacing 
agricultural buildings and contents and 
cost o f  lost crops and livestock 

Cost of temporary evacuation and relocation 
Lost wages 
Lost production and sales 
Incremental cost of transportation 
Cost of postf lood floodproof ing 

Loss of life 
Health hazards 
Psychological stress 
Reluctance by individuals t o  inhabit 
flood-prone areas thereby depreciating 
riverine area property values 

Public Sector 

Cost of repairing or replacing road 
segments, bridges, culverts, and dams 

Cost of repairing damage t o  storm water systems, 
sanitary sewerage systems, and other utilities 

Cost o f  restoring parks and other 
public recreational lands 

Incremental costs t o  governmental units 
as a result of f lood fighting measures 

Cost o f  postflood engineering and 
planning studies 

Disruption of normal community activities 
Reluctance by business interests t o  continue 
development of flood-prone commercial- 
industrial areas thereby adversely 
affecting the community tax base 



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; the cost of postflood flood- 
proofing of individual structures. The costs 
of postflood engineering and planning 
studies also are categorized as indirect losses 
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 de- 
fined as flood effects which cannot be 
readily measured in monetary terms. Such 
losses and risks include health hazards, 
property value depreciation as a result of 
flooding, 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. 

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 loss--direct, indirect, 
and intangible-may, therefore, be further sub- 
divided into public-sector losses as shown in 
Table 35. 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 historical flood eventi known to have 
occurred within the watershed and described the 
severity of each flood event and, in some cases, the 
reaches of the stream affected, and the types of 
damage and disruption that occurred. In most 
cases, though, little such historical information was 
available. The relative magnitude of recorded peak 
flood discharges was also noted. 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 solutions to flood prob- 
lems. Such analyses require that flood damages for 
the various upstream 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 Oak Creek 
watershed study was the average annual flood 
damage risk expressed in 1984 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 quantity 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 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 stagedamage relationships by 
analytical means and then to combine them to 
form the damage-probability relationship. 



Figure 29 
EXAMPLE OF DETERMINATION OF AVERAGE 
ANNUAL FLOOD RISK FOR A RIVER REACH 
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Synthesis of Reach StageProbability Relation- 
ships: The stage-probability relationship for a 
a c u l a r  reach is determined by the hydraulic 
characteristics of the reach, such & the shape of 
the floodland cross-sections, the value of the 
Manning roughness coefficients and the presence of 
bridges, culverts, and other s t ructures41 of which 
are to some extent determined by the activities of 
man-plus the magnitude of flood flows expected 
in the reach. These flood flows are, in turn, a 

i 
function of upstream hydraulics and hydrology 
which are also, because of man's activities, con- 
tinuously undergoing change or have the potential 
to do so. I t  follows, therefore, that each reach does 

i not have a unique stage-probability curve but 
I instead there are many possible stage-probability 

curves, each of which is associated with a given 

I 
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 Oak 1 Creek watershed. 

Synthesis of Reach Stage-Damage Relationships: 1 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. I t  

1 follows, therefore, that there is a separate stage- 
damage curve for each combination of riverine area 
land uses. Development of the stage-damage rela- 

1 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 

I arbitrarily selected flood stage slightly above the 
I elevation of the river channel. These flood losses 

consist of estimates of the direct and indirect 
monetary flood losses set forth in Table 35. Upon 

1 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 spec- 
I trum of flood stages from just above the river 
I bank up to  the 100-year recurrence interval flow 

stage. Figure 29 presents an example of a synthe- 

i sized stage-damage curve for a reach. 

Synthesis of reach stage-damage relationships 
requires the use of depthdamage relationships for 
the various type structures, facilities, croplands, 
and activities Wtely to  be present in or to  occur 
in floodlands. A depthdamage 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 as a percent of the total dollar value of 

the structure and its contents. The depthdamage 
relationships for five types of structures used in the 
Oak Creek watershed study area are shown in 
Figure 30. These depth-damage relationships were 
developed by the Commission staff using Federal 
Insurance Administration tables published in 1970 
and revised in 1974 and 1975. The depth-damage 
relationships 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 36. Damage to  truck farm 
vegetable crops for any depth of flooding was 
assumed to  be total. The depth-damage curves do 
not take into account the duration of flooding, 

Figure 30 
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Table 36 

DEPTH-DAMAGE DATA FOR CROPS IN THE OAK CREEK WATERSHED 

NOTE: N/A indicates data not available. 

Crop 

~ l f a l f a ~  

cornC 

Oats d 

pasturee 

Vegetables f 

l a Percent damage also includes the costs and return on planting and harvesting appropriate alternate crops after a damaging flood event occurs. 
I 

Gross value of alfalfa hay based upon yield of 4.5 tons per acre at a value of $44.50 per ton. 

Gross 
Value 

per Acre 

$200 

$275 

$1 38 

$ 40 

$875g 

~ Gross value of corn based upon yield of 130 bushels per acre at a value of $2.12 per bushel. 
I 

Gross value of oats based upon yield of 65 bushels per acre at a value of $1.43 per bushel, plus a yield of 60 bales of straw per acre at a value 
of $0.75 per bale. 

Flood 
Depth 
(feet) 

0-1 
1-3 
>3 

0-1 
1-3 
>3 

0-1 
1-3 
>3 

0-1 
1-3 
>3 

NIA~ 

Gross value of pasture as feed based upon 120 cow-pasture days at $40per cow per acre. 

Acreage data and depth damage data for each specific vegetable crop in the Oak Creek 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 one foot, it was assumed that any vegetable crop experiencing any degree o f  flood inundation would be 
totally destroyed. 

Percent ~ a m a ~ e ~  per Month 

Gross value of vegetables estimated based upon value per acre of onions equals $1,019, lettuce equals $1,832, carrots equals $1,416, sweet- 
corn equals $191, snap beans equals $367, cucumbers equals $907, green lima beans equals $315, cabbage equals $630, and potatoes equals 
$1,270. 

Source: U. S. Soil Conservation Service and SEWRPC. 

. 
April 

-- 

-- 

36 
36 
36 

-- 
-- 

f 

assuming, in effect, that if inundation occurs, 
damages will be incurred. This is a realistic assump- 
tion for the urban structure damages where inun- 
dation for even very short periods of time will 
damage such costly components as electrical 
motors, controls, and equipment; furnishings; and 
interior decorating. In agricultural areas this 
assumption may be expected to provide a good 
approximation of actual damages, since many 
crops may be damaged by very short periods 

June 

33 
45 
49 

32 
42 
51 

53 
63 
66  

35 
5 0  
65 

-- f 

May 

41 
47 
63 

15 
12 
17 

40 
40 
40 

30 
35 
45  

-- f 

of inundation, although some crops must be 
inundated for some length of time to be totally 
destroyed. 

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 
inundation. Indirect damages, which can be a 
significant reaction of the total monetary losses 

July 

22 
28 
33 

25 
43 
59 

44 
55 
6 0  

30 
45 
6 0  

f 

August 

13 
19 
22 

15 
27 
34 

28 
38 
44  

25 
40 
45  

f 

September 

6 
9 

13 

9 
15 
2 1 

-- 
-- 

35 
5 0  
65  

f 

October 

6 
11 
21 

-- 

-- 

25 
40 
55 

f 



incurred during a flood event, were computed as a 
percentage of the direct damages to the various 
types of structures. The direct damages to com- 
mercial and industrial structures were increased by 
40 percent to account for indirect damages, 
whereas the direct damages to residential and all 
other types of structures were increased by 15  
percent to reflect indirect damages? Indirect flood 
damage costs due to road overtopping were based 
upon the incremental increase in travel distance 
on detour routes and upon the duration of road 
overtopping when depths exceeded 0.3 foot 
for free weir flow conditions. Durations were 
determined using hydrographs generated by the 
hydrological simulation model for the Oak Creek 
watershed developed by the Commission. 

Average Annual Flood Risks: The above method- 
ology was used to compute average annual flood 
risks for selected reaches in the Oak Creek water- 
shed under existing and hypothetical future 
floodland development-land use conditions. 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 XI1 
of this report. For existing land use and channel 
conditions, the average annual flood damage for 
the Oak Creek watershed was determined to be 
$30,000, and the damages caused by the lo-, 
50-, and 100-year recurrence interval flood events 
were determined to be $56,000, $249,000, and 
$344,000, respectively. The minimum annual flood 
damage was determined to be $14,000 based on 
the occurrence of the mean annual flood. The 
mean annual flood is the flood of a particular 
magnitude which is expected to be reached or 
exceeded in any given year. 

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 pre- 
venting the occurrence of future flood problems. 

4 ~ .  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. 

Flood damage and disruption in the Oak Creek 
watershed have been largely a consequence of the 
failure to recognize and account for the relation- 
ships 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. 

Historical flood information has several key 
applications during both the plan preparation 
and plan implementation processes including: 
1) identification of problem areas; 2) determina- 
tion 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 infor- 
mation and education purposes. Synthesized 
monetary flood risks are utilized during the water- 
shed planning process to conduct cost-benefit 
analyses of alternative flood control measures such I 
as acquisition and removal of flood-prone struc- 
tures, structure floodproofing, channel modifica- 
tion, 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 effortand 
stormwater inundation problems which are beyond 
the scope of the Oak Creek 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 over- 
land and secondary flooding. In contrast, storm- 
water inundation problems are defined as damaging 
inundation which occurs when stormwater runoff 
en route to rivers and streams and other low-lying 
areas encounters inadequate conveyance or storage 
facilities and, as a result, causes localized ponding 
and surcharging of storm and sanitary sewers. 

Research of the available historical records indi- 
cated the occurrence of eight major flooding 
periods in the Oak Creek watershed in the recent 
past. These major floods, each of which caused 
significant damage to property as well as disrup- 
tion of normal social and economic activities in 
the watershed, were the floods of June 22, 1917; 
June 23, 1940; March 30, 1960; June 11, 1967; 
June 26, 1968; September 18, 1972; April 21, 
1973; and September 13,1978. 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 
the watershed since 1958, supplemented by 
synthetic 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 historical flood 
problems leads to the conclusion that flood prob- 
lems in the urbanized portions of the Oak Creek 
watershed are relatively minor compared to flood 
damages in agricultural areas. The majority of 
the urban flood damages have been concentrated 
in the southwest area of the City of South Mil- 
waukee. Major channel improvements made to Oak 
Creek between Rawson Avenue and Pennsylvania 
Avenue have done much to alleviate flooding in 
this area. It is important to note, however, that the 
design flood selected for the Oak Creek watershed 
planning program is the 100-year recurrence 
interval event as it would occur under year 2000 
planned land use and flobdland development 
conditions. A flood of this magnitude has not 
occurred in the watershed under existing or recent 
development conditions. Therefore, hydrologic- 
hydraulic flood risk analyses were performed, as 
described in Chapter XI1 of this report, to quantify 
flood problems likely to occur in the watershed 
under year 2000 planned land use and floodland 
development conditions, and to identify flood- 
prone areas. Based upon these studies, it is antici- 
pated that under a no-action alternative substantial 
increases in flood damages may be expected to 
occur in both urban and rural areas of the water- 
shed due to increased runoff rates and volumes 
attributable to the effects of urbanization. Because 
until recently the Oak Creek watershed has been 
primarily rural in nature, relatively few residences 
have been flooded in the past, compared to the 
highly urbanized watersheds in southeastern 
Wisconsin. However, uncontrolled urbanization 
and lack of adequate floodplain management 
could result in significant increases in flooding 
damage, not only to existing but also to future 
residential development in the watershed. 

In addition to the quantitative data derived from 
the inventory of historical flooding, two observa- 
tions emerge regarding the characteristics of 
flooding in the Oak Creek watershed. First, the 
historical 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 who 
actually occupy the floodlands. Second, the 
analysis of historical flooding indicates that rain- 
fall, as opposed to snowmelt or rainfall-snowmelt 
combinations, has been the principal cause of 
major floods in the Oak Creek watershed. This is 
particularly significant because it means that, with 
the exception of the winter season, major floods 
can occur at any time of the year in the Oak Creek 
watershed and when they do occur, they will be 
characterized by rapid increases in discharge and 
stage, thereby offering minimal opportunity for 
advance warning to occupants of riverine areas. 

Flood loss refers to the net effect of historical 
flooding 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 portion expressed in monetary terms. All 
flood losses and risks may be classified into one of 
three categories-direct, indirect, and intangible- 
and they may be classified by whether the private 
or public sector is affected. 

Average annual flood damage risk expressed in 
monetary terms was selected as the quantitative, 
uniform means of expressing flood severity in the 
Oak Creek 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 $30,000 for existing 
land use conditions. Of this total, $16,000 repre- 
sents agricultural damages and $12,000 represents 
structure and contents damage, with the remainder 
representing public and private recreation area 
damages and miscellaneous direct and indirect 
damages. A major flood in the watershed could 
be expected to result in flood damages totaling 
about $344,000. 
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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 within a water- 
shed affect, and are affected by, surface and 
groundwater quality conditions. This is especially 
true in an urbanizing area such as the Oak Creek 
watershed, where the effects of human activities on 
water quality tend to  overshadow natural influ- 
ences. The hydrologic cycle provides the principal 
linkage between human activities and the quality 
of surface 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 
Oak Creek watershed planning program in particu- 
lar, must include an evaluation of historic, present, 
and anticipated water quality conditions and the 
relationship of those conditions to existing and 
probable future land and water uses. The purpose 
of this chapter is to determine the extent to which 
surface waters in the Oak Creek watershed have 
been and are polluted, and to identify the probable 
causes for, or sources of, that pollution. More 
specifically, this chapter discusses the concepts of 
water quality and pollution; summarizes the 
Commission-recommended water use objectives 
and supporting water quality standards for the 
surface water system of the watershed as a bench- 
mark 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 indicates the location and type of the numer- 
ous and varied sources of wastewaters and other 
potential pollutants discharged to  the surface water 
system of the watershed, describes the charac- 
teristics of the discharges from those sources 
and, to  the extent feasible, quantifies the pollutant 
contribution of each source. The information 
presented herein provides an important basis for 
the development and testing of the alternative 
water quality control plan elements under the 
watershed study. 

The focus of this chapter is on surface water 
quality characteristics and problems. Two related 
topics addressed in previous Commission compre- 

hensive watershed studies are water supply from 
both surface and subsurface sources and ground- 
water 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 Oak Creek watershed planning 
program which are set forth in Chapter I and, 
briefly restated, are to: 1) prepare a floodland 
management plan, 2) prepare a surface water 
quality management plan, 3) prepare a plan for 
public open space preservation, 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 Oak Creek Watershed 
Planning Program Prospectus, which identified four 
water resource-related problems in the watershed: 
flooding, pollution of surface waters, deterioration 
of the natural resource base, and changing land use. 
The inventory and analysis phases of the watershed 
planning program did not identify any serious 
problems in the areas of groundwater quality and 
water supply within the Oak Creek watershed. 

The elimination of water supply as a major area of 
concern in the Oak Creek watershed planning 
program does not compromise the systems analyses 
conducted under the planning program, since the 
water supply and wastewater disposal systems do 
not interact significantly with the surface water 
system of the watershed. As indicated in Chapter 
I11 of this report, most of the population of the 
Oak Creek watershed is served by public water 
supply systems utilizing Lake Michigan as a source. 
After use, this water is discharged to sanitary 
sewerage systems through which the used water is 
transported to the shoreline of Lake Michigan for 
treatment before being returned to the Lake. 
Only in relatively small areas of the watershed 
where sanitary sewerage systems are not present is 
wastewater discharged to onsite disposal systems. 
Therefore, the water supply and disposal systems 
of the watershed are not in any major way a part 
of the hydrologic-hydraulic system of the water- 
shed. Consequently, the water supply and sanitary 
sewerage systems are essentially physically separate 
from the surface and groundwater systems. 



Even if groundwater problems-particularlyground- 
water quantity problems-do develop in the Oak 
Creek 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 
aquifers, that movement is essentially independent 
of watershed processes and watershed bound- 
aries-particularly in a watershed as small as the 
Oak Creek watershed-being instead influenced by 
regional and even extraregional aquifer character- 
istics, recharge patterns, and groundwater pump- 
age. 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 surface water resource are significantly affected 
by its quality, and each potential use requires a 
certain level of water quality. The uses which can 
be made of the surface water resource may also be 
affected by the physical characteristics of the 
channels and by modifications in those charac- 
teristics such as may result, for example, from the 
installation of concrete linings. Such physical limi- 
tations, however, were considered in establishing 
the water use objectives under the areawide water 
quality management planning effort. If channel 
linings are recommended under this plan for flood 
control purposes, the water use objectives estab- 
lished under that planning effort would have to 
be reevaluated. 

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 exclusively 
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 
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 
metals and other inorganic and organic 
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- 
carbonaceous and nitrogenous-in domestic 
sewage and industrial waste, which exerts a 
high oxygen demand and may severely 
affect fish and other aquatic life. 

3. Nutrient pollution, such as that caused by 
an overabundance of plant nutrient sub- 
stances such as nitrogen and phosphorus 
compounds in urban or agricultural runoff 
and in domestic sewage; this type of pollu- 
tion 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 bac- 
teria 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 
a lack of adequate soil conservation prac- 
tices in rural areas and inadequate runoff 
control during construction in urban areas, 
which results in instream sediment accumu- 
lation that has the potential to inhibit 
aquatic life, interfere with navigation, 
impede agricultural 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. 

8. Aesthetic pollution, which may be associ- 
ated 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 exception of 
thermal and radiological pollution, all of the above 
types of pollution are known to occur, or to have 
occurred, in the Oak Creek 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 exam- 
ple, 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 is 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 Indicators 
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 
indicators 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 
indicators, however, are normally useful in evalua- 
ting wastewater quality and natural surface water 
quality and in indicating pollution. Selected 
indicators were employed in the Oak Creek 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 indicators 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 indicators were: temperature, dissolved 
solids, suspended solids, specific conductance, 
turbidity, hydrogen ion concentration (pH), 
chloride, dissolved oxygen, biochemical oxygen 
demand (BOD), total and fecal coliform bacteria, 
phosphorus and nitrogen forms, aquatic flora and 
fauna, heavy metals, pesticides, and polychlor- 
inated biphenyls (PCB's).' 

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 condi- 
tions. 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 precise 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 ~interflow7' 
discharge from, higher groundwater to the stream 
caused by earlier precipitation events. Therefore, 
samples taken from these high flows were not used 

'For a more complete discussion of most of 
the cited indicators, including their significance 
in evaluating water quality, see Chapter V of 
SEWRPC Technical Report No. 17, Water Quality 
of Lakes and Streams in Southeastern Wisconsin: 
1964-1 975, June 19 78. 



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 
discharge of various point sources; for example, 
industrial cooling or process waters and leakage 
and discharge from sanitary or combined sewers. 
While instream water quality during wet weather 
conditions 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 moni- 
toring 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 pollution abate- 
ment 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 Oak Creek watershed 
and, therefore, most of the data presented 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 Oak Creek 
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 Oak Creek 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 43-year period from 1940 
through 1982 indicates that there are an average 
of 64 days per year during which 0.10 inch or 
more of precipitation may be expected. Therefore, 
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 
Oak Creek watershed. Chapter XI11 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 Oak Creek watershed 
can be evaluated. 

For purposes of the comparative water quality 
analyses set forth in this chapter and in Chapter 
XIII, the water quality standards corresponding to 
the "recreational use, maintenance of warmwater 
fish and aquatic life, and minimum standards" 
water use objectives established under the adopted 
areawide water quality planning program for 
the Oak Creek system in conformance with the 
national water quality objectives cited in Public 
Law 92-500 have been used (see Table 77 of this 
report). The standards are intended to permit use 
of the surface waters of the Oak Creek watershed 
for full body contact recreation and to support 
warmwater fish and aquatic life. The water use 
objectives and supporting water quality standards 
set forth in Table 77 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,2,3 
the water use objectives and standards incorpor- 
ate recommended maximum or minimum levels 
for other water quality parameters. 

U. S. Environmental Protection Agency, Quality 
Criteria for Water, EPA Report No. 440/9-76-003, 
Washington, D. C., 1976. 

3 ~ a t i o n a l  Academy o f  Sciences, National Acad- 
emy of Engineering, Water Quality Criteria 1972, 
EPA Report No. R3-73-033, Washington D. C., 



Criteria have been recommended by the U. S. 
Environmental Protection Agency (EPA) for 
metals, polychlorinated biphenyls (PCB's), and 
pesticides, and those recommeded criteria are used 
by the Wisconsin Department of Natural Resources 
in administering the Wisconsin Pollutant Discharge 
Elimination System. These recommended criteria 
are presented later in this chapter in conjunction 
with the data available for the Oak Creek water- 
shed regarding metals, PCB's, and pesticides.4 

SURFACE WATER QUALITY 
STUDIES: PRESENTATION AND 
INTERPRETATION OF DATA 

A variety of data sources, based primarily on field 
studies, are available for use in assessing the his- 
toric and existing water quality in the surface 
waters of the Oak Creek watershed. Each of the 
sources used in the watershed study is cited and 
briefly described below in chronological order 
according to  the initiation date of the investiga- 
tion. Information about each of the water quality 
studies used as a basis for this chapter, along with 
selected water quality data from these sources, is 
set forth in Table 37, and sampling station loca- 
tions are shown on Map 35. 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 Oak Creek water- 
shed. An understanding of the nature and probable 
causes of surface water pollution is basic to devel- 
oping 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. However, the conclu- 
sions are based primarily on data obtained over the 
past decade. 

Wisconsin Department of Natural Resources 
Basin Surveys: 1954, 1968-1969, and 1976 
As part of a statewide water quality monitoring 
program, the Wisconsin Department of Natural 

"Environmental Protection Agency, Water Qual- 
ity Criteria Documents; Availability, " Federal 
Register, Vol. 45,  No. 231, November 28, 1980; 
and "Water Quality Criteria; Request for Com- 
ments," Federal Register, Vol. 49, No. 26, 
February 7, 1984. 

Resources and its predecessor agencies have con- 
ducted three "basin surveys" of the Oak Creek 
watershed. 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 and its 
predecessor agencies: 

1. Report on investigations of pollution of 
surface waters in Milwaukee County and 
that portion of the Root River system 
draining from Waukesha through Milwaukee 
County conducted during 1952 and 1953, 
Committee on Water Pollution, March 1954. 

2. Report on an investigation of the pollution 
of the Milwaukee River, its tributaries, and 
Oak Creek made during 1968-1969, Wis- 
consin Department of Natural Resources, 
May 1969. 

3. Southeastern Wisconsin River Basins-Mil- 
waukee County River Basins Report; South- 
east District, Wisconsin Department of 
Natural Resources; 1976 (unpublished). 

In addition to the three basin surveys, the Wiscon- 
sin Department of Natural Resources conducted a 
water quality evaluation of the Oak Creek water- 
shed in 1979 using the Hilsenoff Biotic Index. The 
findings of that evaluation are presented herein, 
along with the findings of the basin surveys. 

Findings of the 1954 Basin Survey: Table 38 
presents the water quality data obtained under the 
1954 basin survey. Water quality samples were 
taken at 13  locations along Oak Creek, as shown 
on Map 35, during the survey period. The sample 
data indicate that the dissolved oxygen character- 
istics of the stream were extremely variable. This 
variability may be largely attributed to  temporal 
and spatial variations in streamflow, channel 
geometry, water temperature, and cloud cover in 
the watershed. Flow conditions in the stream can 
range from stagnant during hot dry weather to full 
channel flow conditions during cold, wet weather, 
resulting in a wide range of hydraulic conditions, 
oxygen saturation levels, and re-aeration rates. 
Dissolved oxygen levels were generally high during 
cold or wet weather conditions and lower during 
dry weather conditions. Temporal and spatial 
variations in cloud cover affect the rate of photo- 
synthesis by aquatic plants and consequently the 
rate of oxygen production by these plants. Large, 



Although it was recognized that the final water- 
shed plan could recommend stream water use 
objectives different from the federally mandated 
"fishable-swimmable" stream water use objectives 
in the Oak Creek watershed, it was deemed appro- 
priate to  use the federal objectives and correspond- 
ing standards as a point of departure and a basis 
for evaluating the surface water quality conditions 
in the Oak Creek watershed. The comparative 
analyses set forth herein and in Chapter XI11 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 7 day-10 year low flow conditions, 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. However, more recent studies, 
including those conducted by the Commission 
under its areawide water quality management 
planning program, indicate that the water quality 
standards may be violated during periods of high 
flow as well as during periods of low flow, particu- 
larly during rainfall events following long periods 
of dry weather, during which pollutants build up 
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 water 
quality conditions can be expected to  be in compli- 
ance with specified standards. Under this approach, 
statistical analyses are conducted of the results of 
the continuous water quality simulation modeling 
to  determine the percent of time a given standard 
may be expected to be exceeded during periods 
of high and moderate 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, temperature, 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 which are important indi- 
rect factors and are primarily related to  recrea- 
tional use. The analyses indicated that if these 
compliance levels were met during periods other 

than those marked by extreme low-flow condi- 
tions, the duration of a violation could be expected 
to  be relatively short and the intensity of a viola- 
tion could be expected to be relatively low, and, 
therefore, desirable forms of aquatic l i e  should 
not be adversely affected. This probabilistic 
approach to  water quality standards interpreta- 
tion is considered to  be a supplement to the 
currently practiced method of evaluating the 
achievement of standards during low-flow condi- 
tions which approximate the 7 day average-1 in 1.0 
year recurrence interval 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. Unfortunately, 
available historic water quality data are not suffi- 
cient to determine whether such percentages have 
been met. Therefore, the standards 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 sub- 
standard for a given parameter if any of the water 
quality samples analyzed were 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. 

The observed fecal coliform bacteria concentra- 
tions could not be precisely compared to the 
specified standards 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 counts per 100 
milliliters (ml) based on not fewer than five sam- 
ples per month, nor a monthly geometric mean of 
400 counts per 100 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 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 ml. 



Table 37 

SUMMARY OF WATER QUALITY SAMPLING IN THE OAK CREEK WATERSHED: 1952-1983 

Data Source 

W ~ o n s ~ n  
Depanmcnf 
Of Natural 
Resourcm 

Wirconlln 
Deoanment 
of Natural 
Rmurser 

W l ~ o n l l n  
Oeprtment 
Of Nsfural 
Resources 

Southeanern 
Wixonan 
Rqtonal Plsn- 
ninp Commouion 

Southeastern 
Wlxons#n 
R4101~I  PI.". 
now Commirs8on 

Woronlan 
Department 
of Natural 
Resources 

Wl~onsln 
Department 
01 Natural 
RIY)Y.CLB 

Dea Source 

W I M ~ S I ~  
Depanment 
01 M u r a l  
Resources 

Wlronlln 
D m n m e n i  
01 Natural 
Resources 

Wl-nnn 
D.p.nm.01 
01 Nmr.1 
R..ou~~.I 

Swlhaaslnn 
Wironsin 
RwiomI Plan- 
nlnp Comrnru8on 

southnnnn 
W ~ ~ n s i n  
Rqio".l Pi.". 
nnnp Commrrmn 

W~mns tn  
Dmnmen t  
01 Natural 
R.X)".C.$ 

Wironrln 
Dmnmsn t  
of N.Nr.1 
R . ~ ) u r m  

Documcnfaf~on 

Rewrt  on sn ~nvertigat~on of 
the polluf~on of surface 
wafers on Milwaukee County 
and the, wrtnon of the ~ w t  
Rl-r system dramng from 
Wsuknha through Mtlwaukee 
county conducted during 
1952and 1953 

R w r t  on an #nvcn#wt#on of 
pollution of the Mllwavkee 
R w r .  its frtbufarbes. and 
Oak Creek conducted durang 
1968and1969 

A Dramage Basm Rewrf. 1976 
lunpublorhrdl 

SEWRPC water qual~ty slvdlex 
1964-1965snd 1968.1975 

Index rote wafer qual8ry data 

Draansg. baron rvrMVrof 
toxic and hazardous 
tvbstsnccs 1975.1976 

DNR fole da1a 

hcumenfataon 

Rewrf  on an ~ n ~ s f ~ g a t l o n  of 
the pollutnn of surface 
waters in  M ~ I w r u k ~ s  County 
and the, wnnon of the Root 
RlMr sYlf.m dralnlw from 
Waukesha through M i l w u k e ~  
County conducted durnng 
1952and 1953 

R w r t  on an ~nvest~pltlon of 
pollution of rhe M8lw~ukn 
R i m .  otr trlbutrr#et. and 
Dak Creek candusted durtng 
1968 and 1969 

A Drai- Blstn R m r t ,  1976 
l u n p u b l ~ l ~ d l  

SEWRPCwter quality nudlsr: 
1964-1965 and 1968.1975 

Index 141. m f a r  qusl~fv data 

Dratnw bnrn rvrMyr of 
toxic and hazardous 
w h n m  1975-1976 

DNR file data 

Date 

March 
12. 

1954 

May 
27. 

1969 

-- 

1966 

1978 

-- 

1978 

1979 

Dale 

Marsh 
12. 

1954 

May 
27. 

1969 

-. 

1966 

1978 

-- 

1978 

1979 

Strsamr 
Sampled 

Oak 
Creek 

Oak 
Creek 

Oak 
Creek 

Osk 
creek 

Oak 
Creek 

Oak 
Creek 

Oak 
Creek 

Sfreams 
Sampled 

Oak 
creek 

Oak 
Crwk 

Oak 
Creek 

Dak 
Creek 

O.k 
Clerk 

Dak 
Creek 

Oak 
Creek 

Numbcr 
of 

Stat8ons 

14 

13 

4 

2 

2 

1 

4 

4 

Numbcr 
of 

Stations 

14 

13 

4 

2 

2 

1 

4 

4 

Sampl~ng 
Time. Perrod. 

Frequency 

2 to 9 vaar. 
May 21. 1953 
rhrovgh 

Xptembcr 18.1953 

1 to 3 vas#t$. 
March 6. 1968 
through 

SepremMr 3. 1968 

May 27. 1975 
through 

ADrll 12.1976 

January 29. 1964 
fhrovgh 

February 4. 1965 
Aprd 18. 1968 
fhrough 

August 25. 1975 

34 ramples 
SePlember 7. 1976 
Through 

October 5.1976 

~ a y  27, 1975 
through 

April 12. 1976 

Sprrng 19791 
Fall 1979 

Samplmg 
Tbmc. Persod. 
Frequency 

2 10 9 VOS~IS. 
May 21,1953 
through 

Sptambcr 18.1953 

1 to 3 virlts. 
March 6. 1968 
lhrovph 

Xptrmbcr 3. 1968 

May 27.1975 
through 

April 12. 1976 

January 29. 1964 
through 

February 4. 1985 
Am01 18.1888 
through 

AUPUS 25.1975 

34 mmpln 
Splsmbcr 7.1976 
through 

Dctobcr 5.1976 

May 21.1975 
through 

Aprrl 12. 1976 

B r i ng  19791 
Fall 1979 

Temperature 

x 

X  

X  

X  

X  

X  

~olub le  
React~ve 

Phorphorvs 

X  

volatile 
surpend~ 

Sol~ds 

X  

supend& 
Solids 

X  

Total 
Phorphorus 

X  

X  

X 

s+mrfnr 
Conductance 

X  

X  

X  

Phorphste 
Phosphorus 

x  

Blochemo~sl 
Oxypsn 
Demand 

X  

X  

X  

X  

Chlorade 

.. 

.. 

X  

x  

X  

.. 

.. 

Nitrate 
Natrogrn 

.. 

.. 

.. 

.. 

.. 

~, , ro l~sd 
Oxygen 

x 

X  

x  

.. 

Total 
VOlRlll 
Solldr 

.. 

.. 

- 

X  

.. 

.- 

x . . x  

- 

.. 

Ammonna 
Nitrogen 

.. 

.. 

X X X  

.. 

X X X  

X X X  

.. 

.. 

N#tr#tc 
Notrogen 

- 

X x  

x  

x x  

X X  

. 

Organ~c 
Nltrogen 

.. 

.. 

.. 

.. 

.. 

Fecal 
Callform 

.. 

.. 

X  

.. 

X  

.. 

.. 

Bottom 
Orgsndrmr 

X  

-- 

-- 

.. 

.. 

Tofal 
Nilrogon 

-- 

X  

X 

Col~form 

-- 

X  

X  

.. 

.. 

D#rrolvcd 
Phorphorvr 

X  

X  

Cadmtum 

-- 

- -  

.- 

ph 

X X X  

X X X  

X  

X  

X  

. . . . . .  

.. 

. 

Chromlvm 

X  

Copper 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

Lead 

. 

.. 

.. 

.. 

.. 

.. 

X X  

.. 

Mercury 

.. 

.. 

.. 

.. 

.. 

.. 

x 

.. 



Table 37 (continued) I 

Sourn@; W#rconrin Dswrfment of Natural Resournrand SEWRPC 

i 

rapid changes in dissolved oxygen concentrations 
can, thus, be caused solely by changes in cloud 
cover which affect the rate of photosynthesis. 
Dissolved oxygen levels in Oak Creek were gener- 
ally above the present minimum standard of 5 
milligrams per liter (mg/l). High total coliform 
counts-in excess of 100,000 counts per 100 
ml-were observed on two or more sampling 
days at seven stations throughout the water- 
shed. These high total coliform counts suggest that 
the fecal coliform level of 400 colonies per 100 ml 
was probably exceeded in many samples. The high 
coliform counts could be attributed to the dis- 
charge of sanitary sewage into the surface waters 
from sanitary sewer overflows. Table 38 indicates 
that the existing standards for temperature and pH 
presented in Table 77 were not violated during 
the study period. 

Data Source 

Wlwonlin 
Dwrtmenf  
of Natural 
Re~lurces 

Wiwonwn 
Department 
01 Natural 
Resources 

Wlwonlin 
Department 
of Natural 
Resources 

Southeastern 
W~sconnn 
Rewonal Pian- 
ntng Comrn~rr~on 

Southeasf~rn 
Wnwonr~n 
Regtonal Plan- 
nlng Commorr~on 

Wiwonsm 
Department 
01 Natural 
Relource. 

W~wons~n 
Department 
01 Natural 
RI~~YCCS 

Biological data were collected at four stations 
along Oak Creek during the study period, the 
locations of which are shown on Map 35. As 
indicated in Table 39, the greatest diversity of 
benthic fauna species and those species charac- 
teristic of the best water quality were recorded 

Sampling 
Time, Permd 
Frequency 

2 to 9 vbrnfr. 
May 21.1953 
through 

September 18.1953 

1 10 3 visitr. 
March 6.1968 
through 

September 3. 1968 

May 27.1975 
through 

April 12. 1976 

January 29. 1964 
through 

February 4. 1965 
~p r i l 18 .1968  
through 

August 25.1975 

34 rsmpler 
aptember 7. 1976 
through 

October 5.1976 

~ a y  27.1975 
through 

April 12. 1976 

Spring 19791 
Fall 1979 

at the sampling station at S. Howell   venue.^ The 
benthic community in the downstream portions of 
the main stem of Oak Creek was characteristic of a 

i 
polluted stream. The polluted conditions may be - 
5 ~ n  investigation o f  the bottom community, 
which includes a qualitative and quantitative 
examination o f  the types o f  organisms represented 
and their population density in a river, stream, I 

lake, or impoundment, provides a good indication 
of the prevailing level o f  water quality. Unlike the 
relatively rapidly changing physical, chemical, 
and biological characteristics o f  the overlying I 

flowing stream, the bottom community responds 
to and reflects the long-term condition o f  the 
aquatic environment. More specifically, the charac- 
teristics o f  the bottom community directly and 
indirectly reflect the chemical and physical prop- 
erties within the aquatic environment, the extent 
and degree of pollution, the degree of self-purifica- 
tion, and the water use potential. Surface waters 
subjected to excessive loads o f  oxygen-demanding 
substances and nutrients are usually characterized 
by large populations o f  a relatively few pollutant- 
tolerant species. 

Documafef~on 

Report on an inverf~aaf~on of 
the pollufion of rutface 
wafers 8n Milwaukee Counfy 
and that porflon of the R m t  
RIVBI lynem drelnong from 
Wauksths through M~Iwaukea 
County conducted durlng 
1952and 1953 

Report on an #nvsrti~st#on of 
mlivtton of the M8lwavkee 
R~ver ,  its trlbutarlef. and 
Oak Creek condusted durrng 
1968and 1969 

A Dralnwc Bart" Report. 1976 
lunpubi8rhrd) 

SEWRPC wafer quality studls: 
1964-1965 and 1968.1975 

Index site water qual~fy data 

Dramage basm rurveys of 
toxw and hazardous 
rvbrtancer 1975-1976 

DNR flledala 

Nlcksl 

-- 

X  

Date 

March 
12. 

1954 

May 
27. 

1969 

.. 

1966' 

1978 

-- 

1978 

1979 

Zinc 

- -  

Sxrearns 
Sampled 

Oak 
Creek 

Oak 
Cmrk 

Oak 
Creek 

Oak 
Creek 

Oak 
Creek 

Oak 
Creek 

Oak 
Creek 

Number 
d 

Statoons 

14 

13 

4 

2 

2 

1 

4 

4 

PCB 

--  

DDT 

-- 

X X X X  

DDE 

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

-- 

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

DDD 

--  

X  

Aldrnn 

-- 

X  

Hemachior 

-- 

X  

Haptachlor 
Emxide 

X  

Lindane 

- 

Doeldrin 

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

- 

X X  

. . . .  

Mnhoiychlor 

X  

Phlhsiate 

X  

Afrazine 

X 

Simazins 

X  



STREAMWATER QUALITY SAMPLING STATIONS IN THE OAK CREEK WATERSHED 

LEGEND SEWRPC CONTlNVeD WATER QUALITY 
MDNlTORlNO PROGRAM 1968-1910 

SEWRPC MJNkTOR(NOF0RTHE mIEMIDE 
wniEnaunLlr.r MnNmMENT PLAN #ST=-$9~7 

- . 1979 W15CONSIN OEPARTMEM OF NaTURAL 
0 1859 BASIN SVRYEI-CHEMCAL RESCURCES elOL001CAL SURVEY 

1-9 B S l N  SURVEY-BlOLOGICb 

0 19" -SIN SURVEY-CHEMICAL . 1976 B S 1 N  SURMI-810L001CA 

A variety of data sources are available for use in assessing the historic and existing water quality in Oak Creek and i t s  tributaries and for identi- 
fying the cause of surface water pollution. These date are derived from long-term monitoring studies such as the cooperative effort carried out 
since 1964 by SEWRPC and the W~rcansin Department of Natural Resoutces, and from special-purpose studies such as the SEWRPC monitor- 
ing for the areawide water quality management plan. 

Source: SEWRPC. 



Table 38 

SUMMARY OF WATER QUALITY DATA FOR THE OAK CREEK WATERSHED- 
THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES BASIN SURVEY: 1952-1953 

Characterization 
Sampling 

Dry 
weathera 

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 

Oak Creek 
Sampling Stations 

Location 

S. Howell Avenue Bridge 

Puetz Road Bridge 

Drexel Avenue Bridge 

Pennsylvania Avenue 
Bridge 

Rawson Avenue at 
16th Street 

Sanitary Sewer Overflow 
Walnut Street and 
Park Drive 

N. Chicago Avenue 
Bridge 

Concurrent and Antecedent 
Moisture Conditions as Indicated 

by Precipitation Observations 

of 
Cond~tions 

Wet 
Weather 

X 

X 

X 

X 

X 

X 

X 

X 

Date 

May 21,1953 
June 23,1953 
August 20,1953 
September 18,1953 

June 23,1953 
August 20,1953 

August 13,1952 
September 4,1952 
October 3, 1952 
June 23,1953 
August 20,1953 
September 18, 1953 

July 31,1952 
August 13,1952 
September 4,1952 
October 3, 1952 
May 21,1953 
June 23,1953 
August 20,1953 
September 18,1953 

July 31, 1952 
August 13,1952 
September 4,1952 
October 3,1952 
June 23,1953 
August 20,1953 
September 18, 1953 

August 13, 1952 
May 21,1953 

July31.1952 
August 13,1952 
September 4, 1952 
October 3,1952 
June 23,1953 
August 20,1953 
September 18, 1953 

River 
Mile 

9.0 

6.8 

5.6 

4.7 

3.6 

1.9 

1.6 

Daily 
in 

On 
Day 1 and 

0.19 
0.00 
0.00 
0.46 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.46 

0.00 
0.00 
0.00 
0.00 
0.19 
0.00 
0.00 
0.46 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.46 

0.00 
0.19 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.46 

Precipitation 
Inches 

Before Day 2 
Sampling 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0 .OO 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 .OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .OO 

Temperature 
(OC) 

21 
26 
25 
20 

25 
24 

21 
20 
11 
21 
19 
19 

21 
22 
18 
11 
20 
20 
20 
19 

22 
23 
21 
11 
25 
23 
22 

22 
22 
20 
13 
21 
20 
19 

PH 
(standard 

units) 

8.3 
8.3 
8.2 
7.7 

8.8 
7.9 

7.4 
7.5 
7.5 
7.5 
7.5 
7.6 

7.5 
7.5 
7.5 
7.5 
8.2 
7.5 
7.5 
7.5 

7.7 
7.8 
7.8 
7.8 
7.8 
8.1 
8.4 

7.2 
7.3 

7.8 
8.0 
7.8 
7.8 
7.8 
8.1 
7.8 

Dissolved 
Oxygen 
knell 1 

12.7 
16.1 
13.9 
7.6 

17.7 
13.0 

4.8 
8.1 
6.2 
9.3 
4.8 
8.0 

4.0 
5 .O 
8.0 
6.2 

11.3 
7.4 
5.5 
7.5 

7.4 
6.9 
9.5 
8.9 
8.3 
7.8 

12.3 

7.8 
7 .O 
8.6 
9.4 
8 .O 
9 .O 
8.3 

Biochemical 
Oxygen 
Demand 

~mg/ l )  

2.8 
3.1 
2.1 
2.5 

5.4 
2.5 

2.2 
0.6 
3.0 
2.8 
3.3 
2.2 

3.9 
4.2 
3.2 
2.2 
4.7 
1.9 
3.8 
2.5 

2.2 
3.1 
2.2 
1.6 
5.1 
3.3 
1.9 

146.0 
113.0 

3.6 
3.9 
4.0 
1.7 
4.8 
1.5 
3.5 

Total Coliform 
Count (MFCC 
per 100 ml) 

1.000 
10.000 

100 
1.000 

1.000 
100 

10.000 
10,000 
10.000 

100.000 
100.000 
10,000 

10,000 
100,000 
10,000 

1.000 
10,000 
1.000 

10,000 
1.000 

10,000 
100.000 

1,000 
1,000 

100,000 
100.000 

10,000 

10,000,000 
10,000,000 

100.000 
100.000 

10.000 
10.000 
10,000 
10.000 
10.000 



Table 38 (continued) 

d a Precipitation of 0.10 inch or less on day o f  sampling. 
V 
d 

Source: Committee on Water Pollution. 

Oak Creek 
Sampling Stations 

Location 

First Bridge on Oak 
Creek Parkway 
Upstream of Dam 

Second Bridge on Park 
Drive Upstream of 
Creek Mouth 

Sanitary Sewer Overflow 
at Creek Crossing 

First Bridge on Park 
Drive Upstream of 
Creek Mouth 

Sanitary Sewer Overflow 
10 Yards Downstream of 
First Bridge on Park 
Drive Upstream of 
Creek Mouth 

Foot Bridge 50 Feet 
Upstream of Creek 
Mouth 

Date 

July 31. 1952 
August 13,1952 
September 4, 1952 
October 3, 1952 
May 21,1953 
June 23,1953 
August 20, 1953 
September 18, 1953 

August 13, 1952 
August 20,1952 

August 13, 1952 
May 21,1953 

July31.1952 
August 13,1952 
August 20,1952 
September 4,1952 
October 3,1952 
May 21,1953 
June 23,1953 
August 20,1953 
September 18,1953 

July 31, 1952 
August 13,1952 
September 18, 1953 
January 14, 1954 

July 31, 1952 
August 13,1952 
August 20,1952 
September 4, 1952 
October 3, 1952 
May 21,1953 
June 23,1953 
August 20,1953 
September 18, 1953 

River 
Mile 

1.2 

0.9 

0.2 

0.4 

0.2 

0.01 

Concurrent and Antecedent 
Moisture Conditions as Indicated 

by Precipitation Observations 

Daily 
in 

On 
Day 1 and 

0.00 
0.00 
0.00 
0.00 
0.19 
0.00 
0.00 
0.46 

0.00 
0.28 

0.00 
0.19 

0.00 
0.00 
0.28 
0.00 
0.00 
0.19 
0.00 
0.00 
0.46 

0.00 
0.00 
0.46 
0.00 

0.00 
0.00 
0.28 
0.00 
0.00 
0.1 9 
0.00 
0.00 
0.46 

Characterization 
Sampling 

Dry 
weathera 

X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

X 

X 
X 

X 
X 

X 
X 

Temperature 
(OC) 

22 
23 
24 
17 
21 
24  
26 
24 

22 
22 

22 
22 
21 
23 
15 
21 
26 
24 
22 

30 

22 
22 
21 
21 

18 
23 
22 
18 

Precipitation 
Inches 

Before Day 2 
Sampling 

0.00 
0 .OO 
0.00 
0.00 
0 .OO 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .OO 

of 
Conditions 

Wet 
Weather 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

pH 
(standard 

units) 

7.8 
7.8 
8.1 
8.0 
8.2 
7.8 
8.1 
8.1 

8 .O 
7.6 

9.3 
9.3 

7.7 
8.4 
7.4 
8.1 
7.8 
8.2 
8.2 
7.5 
8.3 

7.4 
7.6 
7.1 
7.7 

7.6 
8.2 
7.4 
7.5 
7.5 
7.6 
8 .O 
7.5 
7.4 

Dissolved 
Oxygen 
(mg/l) 

7.8 
6.8 
8.8 
9 .O 
8.6 
8.9 
9.3 
9.2 

8.2 
8.0 

4.9 
5.0 
3.5 
8.5 

10.1 
4.2 

1 1.2 
9.2 

1 1.6 

3.2 
3.5 
0.4 
6.2 
7.1 
3.8 
9.9 
7.7 
7 .O 

Biochemical 
Oxygen 
Demand 

(mg/l) 

2.8 
3.1 
0.6 
1.1 
4.2 
1.3 
1.6 
1.4 

3.9 
3.6 

266.0 
314.0 

38.7 
49.9 
28.2 
4.5 
3.6 
8.6 
1.4 
2.5 
2.5 

63.9 
120.0 
27.5 
2.8 

27.3 
44.7 
26.1 
3.5 
2.9 

34.4 
3 .O 
4.1 
3.9 

Total Coliform 
Count (MFCC 
per 100 ml) 

1,000 
10,000 
1.000 
1,000 
1.000 
1.000 
1,000 
1.000 

100.000 
10.000 

100,000 
1.000 

10,000,000 
1,000,000 

10,000,000 
100.000 

10.000 
1.000 
1,000 
1.000 
1.000 

1,000,000 
10,000,000 

1.000 
-- 

1,000,000 
1,000,000 
1,000,000 

100.000 
1,000 

10,000,000 
1,000 
1,000 

10.000 



Table 39 

BENTHIC ORGANISM DATA FROM THE WISCONSIN DEPARTMENT 
OF NATURAL RESOURCES BASIN SURVEY: 1953 

Source: Committee on Water Pollution and SEWRPC. 

attributed to both nonpoint source pollution and 
the discharge of sanitary sewage into the surface 
waters from sanitary sewer overflows. 

Station 
Interpretation 

Clean 

Unbalanced 

Polluted 

Polluted 

Findings of the 1968-1969 Survey: Table 40 pre- 
sents the water quality data obtained in the 1968- 
1969 basin survey. Water quality samples were 
taken at 12 locations, as shown on Map 35, along 
Oak Creek during the survey period. As shown in 
Table 40, the sample data indicate that the dis- 
solved oxygen levels, while variable, were generally 
above the existing minimum standard of 5 mg/l. 
Exceedingly high total coliform counts-in excess 
of 1,000,000 colonies per 100 ml-were observed 
at six stations throughout the watershed. These 
high counts suggest that generally excessive levels 
of total coliform bacteria existed throughout 
the lower reaches of Oak Creek. Table 40 indicates 
that the existing standards for temperature and pH 
presented in Table 77 were generally not violated 
during this sampling period. 

Biological samples were collected at nine stations 
along Oak Creek during the study period, the 
locations of which are shown on Map 35. As 
indicated in Table 41, the benthic fauna species 
recorded were primarily tolerant to very tolerant 
of pollution, indicating degraded water quality 
conditions in the main stem of Oak Creek. 

Stream 

Oak Creek 

Benthic Organisms 

Findings of the 1975-1976 Survey: Table 42 
presents the water quality data obtained under the 
1976 basin survey. Water quality samples were 
taken at four stations, two of which were located 
on the main stem of Oak Creek and two of which 
were located on the North Branch of Oak Creek, as 
shown on Map 35. As shown in Table 42, the 
sample data indicate that dissolved oxygen levels 
were nearly always above the existing minimum 
standard of 5 mg/l. Fecal coliform counts occa- 
sionally exceeded the existing standard and were 

Date 

1953 

1953 

1953 

1953 

observed to be as high as 59,000 membrane filter 
fecal coliform counts (MFFCC) per 100 ml. Water 
temperatures below the Grant Park dam were 
higher than those observed at the other sampling 
stations during the spring and summer; however, 
temperature standards were not violated during the 
sampling period. Table 42 also indicates that 
standards for pH and un-ionized ammonia nitrogen 
were not violated, but that the Commission- 
recommended standard for total phosphorus was 
frequently exceeded. 

Station Locatlon 

S. Howell 
Avenue Bridge. . . . . . . 

Pennsylvania 
Avenue Bridge. . . . . . . 

First Bridge on Park Drive 
Upstream of Dam . . . . . 

Foot Bridge 50 Feet 
Upstream of 
Creek Mouth. . . . . . . . 

Biological samples were collected at two stations 
during the survey period, the locations of which 
are shown on Map 35. As indicated in Table 43, 
the macroinvertebrates recorded were primarily 
tolerant to very tolerant of pollution, and the 
diversity of species collected was relatively low. 

Bottom 
Type 

Sand. silt 

Gravel 

Silt 

Salt 

Rwer 
Mile 

9.0 

4.7 

0.4 

0.01 

Intolerant 

In addition, the survey included the collection of 
phytoplankton, periphyton, and fish samples. 
Phytoplankton levels were found to be relatively 
low, with chlorophyll-a levels ranging up to 2.3 
micrograms per liter (ug/l). The majority of peri- 
phyton sampled in the Oak Creek watershed 
belonged to pollution-tolerant genera, including 
Gomphonema, Nitzschia, and Navicula. The 
periphyton were generally in poor physiological 
condition. Periphyton chlorophyll-a levels were 
found to range up to 74.8 milligrams per square 
meter (mg/m2 ). Nine fish species were collected 
in the main stem and six fish species were collected 
in the tributary streams to Oak Creek. Although 
the Oak Creek main stem has a substantial fish 
population, high turbidity and siltation limits the 
types and population of fish in the watershed. 

Current 

Sluggish 

Sluggish 

Swift 

Sluggish 

Tolerant Very Tolerant 

Number of 
Species 

2 

1 

0 

0 

Findings of the 1979 Hilsenoff Biotic Index 
Evaluation: Table 44 presents the biotic index data 
obtained for four sampling stations in 1979. As 
shown in the table, the index values can range 

Total 

Number of 
Species 

5 

4 

0 

0 

Number of 
Species 

2 

1 

1 

1 

Number of 
Individuals 
Per Square 

Foot 

24 

2 

Number of 
Species 

9 

6 

1 

1 

Number of 
Individuals 
Per Square 

Foot 

332 

191 

Number of 
Individuals 
Per Square 

Foot 

124 

178 

4.260 

7.190 

Number of 
Individuals 
Per Square 

Foot 

480 

371 

4,260 

7,190 



Table 40 

SUMMARY OF WATER QUALITY DATA FOR THE OAK CREEK WATERSHED FROM THE 
WISCONSIN DEPARTMENT OF NATURAL RESOURCES BASIN SURVEY: 1968-1969 

d aPrecipitation o f  0.10 inch or  less on  day o f  sampling. 
w 
GI 

Source: Wisconsin Department o f  Natural Resources and SEWRPC. 

Oak Creek 
Sampling Stations 

Location 

S. Howell 
Avenue Bridge. . . . . . 

Puetz Road Bridge . . . . 

Forest Hi l l  
Avenue Bridge . . . . . . 

Sewage Treatment Plant 
Lagoon Outfall. . . . . . 

Drexel 
Avenue Bridge . . . . . . 

Pennsylvania 
Avenue Bridge. . . . . . 

Rawson 
Avenue Bridge . . . . . . 

15th Avenue Bridge. . . . 

Upstream of  Bucyrus- 
Erie Corporation 
Outfall . . . . . . . . . . 

Bucyrus-Erie 
1 Corporation Outfall. . . 
First Bridge Upstream 
of Dam . . . . . . . . . . 

Mouth of Oak Creek . . . 

River 
Mile 

9.0 

6.8 

6.2 

6.0 

5.6 

4.7 

3.6 

2.8 

1.5 

1.4 

1.2 

0.0 

Date 

March 6,1968 
September 3, 1968 
March 6, 1968 
September 3.1968 

March 6, 1968 
September 3. 1968 

March 6, 1968 
September 3, 1968 

March 6, 1968 
September 3. 1968 

March 6, 1968 
September 3, 1968 

March 6, 1968 
March 13, 1968 
September 3,1968 
March 6,1968 
March 13,1968 
September 3,1968 

March 6. 1968 
March 13.1968 
September 3,1968 

March 6, 1968 

March 6,1968 
March 13. 1968 
September 3,1968 
March 6, 1968 
March 13.1968 
September 3, 1968 

P H 
(standard 

units) 

7.6 
7.8 
7.4 
7.7 

7.4 
7.7 

7.4 
8.4 

7.4 
7.8 

7.4 
8.3 

7.4 

8.4 
7.6 

8.3 

7.6 

7.8 

7.8 

6.6 
7.8 

7.9 

Temperature 
(OC) 

0 
20 
0 

20 

0 
21 

5 
26 

4 
21 

4 
23 

2 

22 
2 

23 

5 

9 

7 

23 . 
6 

23 

Dissolved 
Oxygen 
(mg/I) 

11.2 
7.2 

1 1.8 
8.3 

10.4 
6.3 

0 .O 
15.5 

4.3 
6.7 

2.9 
9.8 

3.8 

15.2 
9.3 

17.2 

7.8 

12.2 

10.0 

10.4 
11.6 

9.6 

Biochemical 
Oxygen 
Demand 

(mg/l) 

4.0 
2.1 
5.5 
2.1 

3.7 
1 .O 

73.0 
40.0 

34.0 
8.2 

14.0 
23.0 

12.0 

15.0 
8.9 

26.0 

5.5 

15.0 

0.6 

4.3 

13.0 
3.2 

9.5 

Concurrent and Antecedent 
Moisture Conditions as 

Indicated by Mitchell Field 
Precipitation Observations 

Total Coliform 
Count (MFCC 
per 100 m l )  

28,000 
14,000 

10 
6,800 

3,100 
40.000 

3,900,000 
3,900,000 

3,500,000 
1,300,000 

5,200,000 
600,000 

200.000 
58,000 

82,000 
26,000 

7,430,000 
320,000 

5,200 

10 

7,380,000 
34,000 
20,000 

7,250,000 
44,000 
32,000 

Daily Precipitation 

On 
Day 1 and 

0.00 
0.00 
0 .OO 
0.00 

0.00 
0 .OO 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0 .OO 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Characterization 
Sampling 

Dry  
weathera 

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 

in Inches 

Before Day 2 
Sampling 

0.05 
0 .OO 
0.05 
0 .OO 

0.05 
0 .OO 

0.05 
0 .OO 

0.05 
0.00 

0.05 
0.00 

0.05 
0.00 
0.00 
0.05 
0.00 
0.00 

0.05 
0.00 
0.00 

0.05 

0.05 
0 .OO 
0.00 
0.05 
0 .OO 
0 .OO 

of  
Conditions 

Wet 
Weather 



Table 41 

BIOLOGICAL STATION DATA SUMMARY FOR THE OAK CREEK WATERSHED: 1968 

Source: Wisconsin Department of Natural Resources. 

Remarks 

Filamentous 
algae present 

Organic debris 
on bottom 

Slimes and 
organic debris 
on bottom 

Filamentous 
algae present 

Filamentous 
algae present 

Very fast water, 
filamentous 
algae present 

Filamentous 
algae present 
and organic 
ooze on bottom 

Current 

Riff le 

Moderate 

Sluggish 

Sluggish 

Moderate 

Riffle 

Riffle 

Riff le 

Riff le 

Waste 
Source 

None 
known 

None 
known 

None 
known 

Oak 
Creek 
Lagoon 

Oak 
Creek 
Lagoon 

Oak 
Creek 
Lagoon 

Storm 
sewer 

Storm 
sewer 

Storm 
sewer 

Survey 
Date 

3-12 

3-12 

3-12 

3-12 

3-12 

3-12 

3-12 

4-23 

4-23 

Oak Creek 

Very 

Species 

1 

2 

2 

2 

2 

1 

2 

1 

1 

Species 

2 

1 

1 

0 

0 

0 

0 

0 

0 

Bottom 

Type 

Rock, 
sand, and 
gravel 

Sand and 
gravel 

Sand, 
silt, and 
leaves 

Sand, 
gravel, 
and silt 

Sand 
gravel, 
and silt 

Rock 
sand and 
gravel 

Sand and 
gravel 

Rock, 
sand, and 
gravel 

Rock, 
sand, and 
silt 

Sampling Station 

Location 

Howell Avenue Bridge 

Puetz Road Bridge 

Forest Hil l  
Avenue Bridge 

Drexel Avenue Bridge 

Nicholson 
Avenue Bridge 

Rawson 
Avenue Bridge 

15th Avenue Bridge 

Park Drive Bridge 
above Dam 

Park Drive Bridge 
above Confluence 
with Lake Michigan 

Tolerant 

Population 

1 

1,930 

360 

53 

2,598 

143 

347 

41 

74  

Organic Pollution Tolerances 

Intolerant 

Population 

55 

4 

1 

0 

0 

0 

0 

0 

0 

River 
Mile 

9.0 

6.8 

6.2 

5.6 

4.5 

3.6 

2.8 

1.2 

0.4 

Species 

5 

8 

5 

2 

1 

0 

2 

2 

0 

Tolerant 

Population 

62 

156 

136 

1 48 

5 

0 

2 

43 

0 



Table 42 

SUMMARY OF WATER QUALITY DATA FOR THE OAK CREEK WATERSHED FROM THE 
WISCONSIN DEPARTMENT OF NATURAL RESOURCES BASIN SURVEY: 1975-1976 

a Measuredupstream from the conf/uence of the North Branch w,th Oak Creek ma," stem. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

Total 
Solids 

Imgll) 

722 
594 
504 
500 
674 
362 
446 
904 
,378 

1,290 
1.104 

920 

830 
624 
778 
598 
672 
762 
396 

1.092 
1,448 
1,024 

956 
828 

754 
562 
608 
570 
492 
480 
436 
780 
962 
980 
928 
750 

504 
490 
366 
292 
494 
370 
378 

1,050 
1,458 
1,248 

992 

Stream 

North Branch 
of Oak Creek 

Oak Creek 

Oak Creek 

North Branch 
of Oak Creek 

Organic 
Nitrogen 

Imglll 

0.70 
0.65 
0.46 
1.21 

11.30 
2.42 
1.82 
3.60 
5.60 
0.92 
0.89 
0.51 

1 14 
0.82 
101 
1 51 
0.58 
2.61 
0.84 
0.72 
2.40 
0.86 
1.15 
0.86 

0.83 
0.74 
0.71 
2.15 
0.50 
0.74 
0.73 
0.69 
0.43 
0.96 
1.62 
0 64 

0.64 
0.60 
0.55 
8.29 
0.95 
0.53 
0.80 
0.55 
1.43 
0.58 
1.76 

Total 
Volatile 
Solids 
Img/ll 

182 
166 
124 
118 
182 
98 
70 

130 
220 
218 
236 
216 

190 
184 
170 
178 
176 
186 
72 

168 
164 
170 
166 
168 

180 
140 
140 
170 
98 
96 

100 
118 
126 
160 
162 
156 

170 
110 
100 
60 

110 
72 
76 

142 
174 
224 
270 

5day 

4.0 
-. 
3.7 
3.7 
-- 
-- 
-- 
-- 
6.1 
-- 
-- 
-- 

5.5 
-- 
6.5 
5.3 
-- 
-- 
-- 
-- 
3.3 
-- 
W 

-- 

3.7 
-- 
4.0 
4.5 
-- 
-- 
-. 
-- 
3.7 
-- 
-- 
-- 

3.7 
-- 
2.8 

12.0 
-. 
-- 
-- 
-- 
-- 
-- 
-- 

BOD[mg/l)  
6day 

-- 
4.3 
-- 
.- 
5.7 
4.1 
3.7 
5.8 
-- 
4.3 
2.5 
4.1 

-- 
5.5 
.- 
-- 
6.1 
5.7 
3 7  
2.8 
-- 
3.1 
3.3 
4.9 

5.2 
-- 
-- 
-- 
3.7 
4.1 
3.1 
2.8 
- -  
5.3 
2.9 
5.7 

-- 
4 6 
-- 
-- 
3.7 
3.3 
3.7 
2.5 

14.0 
2.5 
6.7 

Fecal 
Coliform 
IMFFCC 

per 100 mll 

30 
2.300 

490 
2,500 

210 
110 

4,900 
220 
40 

280 
10 
10 

320 
6,700 

330 
2.000 

400 
2.000 
4.900 

460 
290 
460 
90 
30 

100 
4.400 

510 
140 
ZOO 
60 

800 
60 
40 

650 
200 
320 

100 
2.000 

50 
59.000 

50 
1.400 
8,300 
2.100 

230 
10 

410 

Ammoma 
N~trogen 

Imglll 

0.11 
0.20 
0.03 
0.20 
0.09 
0.13 
0.25 
0.47 
0.93 
0.38 
0.14 
0.04 

0.09 
0.27 
0.02 
0.08 
0.04 
0.18 
0.12 
0.38 
1.00 
0.44 
0.18 
0.05 

0.10 
0.29 
0.02 
004  
0.04 
0.07 
0.14 
0.23 
0.37 
0.46 
0.13 
0.03 

0.17 
0.1 1 
0.06 
0.08 
0.27 
0.12 
0.07 
0.37 
0.59 
0.15 
0.11 

Total 
Phosphorous 

Img/ll 

0.17 
0.09 
0.08 
0.13 
0.09 
0.15 
0.16 
0.1 1 
0.11 
0.15 
0.09 
0.04 

0 09 
0.17 
0.09 
0.12 
0.09 
0.10 
0.15 
0.06 
0.07 
0.19 
0.07 
0.06 

0.07 
0.20 
0.10 
0.08 
0.09 
0.1 1 
0.14 
0.04 
0.06 
0.26 
0.05 
0.06 

0.25 
0.20 
0.08 
0.17 
0.1 1 
0.10 
0.25 
0.06 
0.12 
0.05 
0.04 

Suspended 
Solids 
Imglll 

6 
38 
7 

31 
6 
4 

88 
20 
6 

36 
11 
3 

18 
80 
10 
26 
10 
10 
46 
9 
4 

75 
8 
9 

6 
60 
4 

11 
5 
4 

28 
6 
3 

122 
11 
8 

9 
45 
4 

56 
26 
47 
94 
13 
27 
11 
11 

Oak Creek 
Sampling Stations 

Location 

Puetz Road Bridge 

Pennrylvanla 
Avenue Bridge 

Second Bridge 
Downstream of 
Grant Park Dam 

Marquette 
Street Brldge 

Dissolved 
Ortho- 

Fhorphorous 
Imglll 

0.12 
0.05 
0.03 
0.06 
0.03 
0.06 
0 03 
0.03 
0.01 
0.06 
0.06 
0.01 

0.01 
0.06 
0.008 
0.01 
0.01 
0.001 
0 .J6 
0.03 
0.02 
0.07 
0.03 
0.001 

0.02 
0.1 1 
0.02 
0.01 
0.02 
0.05 
0.05 
0.02 
0.02 
0.12 
0.01 
0.01 

0.1 30 
0.130 
0.045 
0.022 
0.040 
0.018 
0.076 
0.026 
0.029 
0.016 
0.012 

Date 

May 27. 1975 
June 16.1975 
July 8. 1975 
August 5, 1975 
September 15, 1975 
October 13, 1975 
November 10. 1975 
December 8.1975 
January 27, 1976 
February 16. 1976 
March 22. 1976 
April 12. 1976 

May 27. 1975 
June 16.1975 
July 8, 1975 
August 5, 1975 
September 15. 1975 
October 13.1975 
November 10,1975 
December 8, 1975 
January 27.1976 
February 16. 1976 
March 22, 1976 
April 12. 1976 

May 27. 1975 
June 16.1975 
JulV 8, 1975 
August 5, 1975 
September 15, 1975 
October 13, 1975 
November 10. 1975 
December 8. 1975 
January 27, 1976 
February 16. 1976 
March 22. 1976 
April 12, 1976 

May 27,1975 
June 16.1975 
July 8. 1975 
August 5.1975 
September 15. 1975 
October 13. 1975 
November 10, 1975 
December 8,1975 
February 16. 1976 
March 22, 1976 
April 12. 1976 

River 
Mile 

0 . 9 ~  

4.7 

0.4 

3 .0~  

Un-ionized 
Ammonia 

Imglll 

0.002 
0.006 
0.005 
0.012 
0.002 
0.005 
0.002 
0.003 
0.001 
0.003 
0.001 
0.002 

0.005 
0.006 
0.002 
0.006 
0.002 
0.004 
0.001 
0.003 
0.003 
0 003 
0.001 
0.003 

0.008 
0.009 
0.003 
0.006 
0.003 
0.005 
0.002 
0.003 
0.006 
- -  
0.001 
0.002 

0.003 
0.003 
0.006 
0.004 
0.004 
0.002 
0.001 
0 002 
0.002 
0.001 
0.003 

Volatile 
Suspended 

Solids 
lmg/ll 

2 
5 
5 
8 
2 
4 
6 
7 
3 
6 
7 
3 

6 
7 

10 
10 
5 
8 
5 
7 
2 
7 
6 
9 

2 
5 
3 
6 
2 
4 
4 
6 
1 

22 
6 
8 

2 
4 
4 

12 
6 

12 
14 
6 
8 

11 
11 

Nltrlte. 
Nltrate 

Nitrogen 
(rnglll 

0.03 
0.87 
0.02 
0.40 
0.01 
0.01 
0.37 
0.40 
0 19 
1.50 
0.35 
0.12 

0 11 
1 65 
0.04 
0 11 
0 01 
0.01 
0.43 
0.75 
0.36 
2.30 
1.88 
0.72 

0.06 
1.55 
0.05 
0.03 
0.03 
0.06 
0.22 
0.70 
0.48 
1.94 
1.57 
0.56 

0.02 
0.84 
0.04 
0.12 
0.01 
0.01 
0.37 
0.68 
1.34 
0.08 
0.13 

Temperature 
(OCI 

17.0 
18.0 
26.5 
24.2 
13.0 
16.2 
9.0 
0.0 
0.0 
1.0 
2.0 

11 .O 

13.0 
17.0 
25.0 
24.0 
15.0 
14.2 
10.5 
1.0 
0.0 
1.2 
4.0 

10.0 

21.0 
17.0 
26.5 
25.5 
15.0 
17.0 
12.0 
2.0 
0.0 
1.3 
5.0 
9.0 

18.0 
18.0 
26.0 
24.5 
13.0 
13.4 
10.0 
0.2 
0.5 
2.0 

13.0 

Chloride 
Img/ll 

-- 
-- 

125 
-- 
-- 
-- 

75 
-- 
-- 

513 
-- 
-- 

-- 
-- 

155 
-- 
-- 
-- 

54 
-- 
-- 

325 
-- 
-- 

-- 
-- 

100 
-- 
-- 
-- 

62 
-- 
-- 

313 
-- 
-- 

75 

.. 
62 

625 

p H  
[standard 

units1 

7.7 
7.9 
8.4 
8.0 
7.9 
8.0 
7.5 
7.8 
7.2 
7.8 
6.4 
8.4 

8.3 
7.8 
8.3 
8.1 
8.1 
7.8 
7.2 
7.8 
7.4 
7.8 
6.5 
8.4 

8.2 
7.9 
8 4  
8.4 
8.4 
8.3 
7.8 
8.1 
8.2 
-- 
6.5 
8.4 

7.7 
7.8 
8.2 
7.9 
7.7 
7.7 
7.5 
7.7 
7.6 
6.3 
8.0 

Time 

0930 
1320 
1302 
1251 
1107 
1216 
1007 
1030 
1250 
1230 
1020 
1340 

1100 
1333 
1332 
1315 
1201 
1048 
1022 
1045 
1320 
1430 
1046 
1445 

1130 
1400 
1401 
1420 
1216 
1111 
1057 
1100 
1405 
1511 
1130 
1540 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
- - 
.. 
.. 
.. 

O~rsolved 
Oxygen 
(mglll 

5.7 
9.0 

11.5 
7.9 
7.7 
8.0 
8.1 

13.2 
8.3 

10.6 
8.3 

16.6 

11.5 
7.2 

12.7 
10.0 
8 7  
8 6 
7 2 

12.3 
7.5 

10.2 
11.4 
17.1 

10.8 
7.8 
9 0 
8.8 
9.6 
9.8 
9.7 

13.6 
13.7 
11.8 
11.8 
13.2 

7.9 
8.8 

11.0 
4.9 
4.0 

13.4 
7.3 

12.2 
10.0 
12.7 
17.6 

Flow 
(cfrl 

1 
4 
1 
2 
1 
1 
3 
1 
1 

10 
2 
3 

6 
27 
3 
7 
1 
4 
9 
1 
1 

34 
11 
12 

6 
37 
8 
7 
6 
2 
6 

12 
2 

35 
5 

16 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
- - 
.. 
.. 
.. 



Table 43 

MACROINVERTEBRATE DATA SUMMARY FOR THE OAK CREEK WATERSHED: 1975 

ahleaswed upstream from confluence of the North Branch with the Oak Creek main stem. 

Source: Wisconsin Department of Natural Resources. 

Table 44 

HILSENOFF BIOTIC INDEX VALUES FOR THE OAK CREEK WATERSHED: 1979 

River 
Mile 

0 . 9 ~  

1.3 

Stream 

North Branch of 
Oak Creek . . . .  

Oak Creek . . . . .  

Organic Pollution Tolerances 

a Measured upstream from the confluence of the North Branch with the Oak Creek main stem. 

Location 

Puetz Road Bridge . . .  
Fourth Bridge 

Upstream of Mouth . . 

Hilsenoff Values: 
0 to 1.75: excellent water quality; no organic pollution. 
1.76 to 2.25: very good water quality; slight organic pollution. 
2.26 to 2.75: good water quality; some organic pollution. 
2.76 to 3.50: fair water quality; significant organic pollution. 
3.51 to 4.25: poor water quality; very significant organic pollution. 
4.26 to 5.00: very poor water quality; severe organic pollution, 

Source: Wisconsin Department of Natural Resources. 

Very Tolerant Intolerant 

River 
Mile 

0 . 9 ~  
10.7 

6.2 

1.3 

Stream 

North Branch of 
Oak Creek . . . . . . .  

Oak Creek . . . . . . . .  

Hilsenoff valueb 

from 0 to 5, with the lower values indicative of the 
best and the higher values reflecting the worst 
water quality conditions. This Biotic Index was 
developed to evaluate the severity of organic 
pollutants in streams throughout Wisconsin, and is 
based on a set of recognized tolerance values for 
benthic or bottom-dwelling macroinvertebrates. 
As shown in Table 44, the lowest values, as mea- 
sured by this index, were recorded on the North 
Branch of Oak Creek at Puetz Road, and the 
higher values were recorded on the main stem of 
Oak Creek at the 13th Street bridge. 

Tolerant 

Species 

9 

11 

Species 

9 

Sampling Station 

. . . . . . . .  Puetz Road Bridge. 

. . . . . . . .  13th Street Bridge. 
Forest Hill 

. . . . . . . . . .  Avenue Bridge. 
Fourth Bridge Upstream 

. . . . . . . . . . . .  from Mouth 

Spring 1979 

3.14 
4.00 

3.55 

3.24 

SEWRPC Water Quality Study: 1964-1965 
During the 14-month period from January 1964 
through February 1965, the Regional Planning 
Commission 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 two 
stations in the Oak Creek watershed--on Oak Creek 
at Shepard Avenue and on Oak Creek at STH 32- 
the sampling stations being identified as Ok-1 and 
Ok-2, respectively. The samples were taken under 

Species 

17 

9 

Population 
(number per 
square foot) 

188 

235 

Population 
(number per 
square foot) 

39 

-- 

Fall 1979 

3.30 
4.89 

4.03 

3.80 

Population 
(number per 
square foot) 

28 1 

209 



Table 45 

WATER QUALITY CONDITIONS OF OAK CREEK AND ITS 'rRIBUTARY: 1964-1965 

Source: SEWRPC. 

dry weather conditions on a monthly basis from 
April 1964 to  February 1965. The samples were 
analyzed for selected chemical, physical, and 
biological characteristics to determine the then- 
existing condition of stream water quality in 
relation to  pollution sources, land use, and popula- 
tion distribution and concentration. The study 
procedure and results are presented in SEWRPC 
Technical Report No. 4, Water Quality and Flow 
of Streams in Southeastern Wisconsin. For pur- 
poses of this analysis, comparisons were made 
assuming that similar low flows occurred during 
the months of August and September, and that the 
streams were likely to  exhibit similar dry weather, 
low-flow water quality conditions. Supplemental 
data are also available for the low-flow periods of 
1964-1966 at four additional stations located 
along the main stem of Oak Creek--Oak Creek at 
Forest Hill (Ok-la), Oak Creek at Drexel Avenue 
(Ok-lb), Oak Creek at Pennsylvania Avenue 
(Ok-lc), and the mouth of Oak Creek at Grant Park 
(Ok-1d)as collected by the Milwaukee Metropoli- 
tan Sewerage Commissions. 

Number 
of 

Analyses 

16 
16 
25 

25 
24 

Station 
Sampled 

Oak Creek 
(Ok-1,Ok-2) 

Findings of the Study: Table 45 presents a syn- 
opsis of dry weather water quality conditions in 
Oak Creek as determined by the Regional Planning 
Commission in the 1964-1965 sampling. Water 
quality conditions for dissolved oxygen, dissolved 
solids, biochemical oxygen demand, temperature, 
total coliform bacteria, pH, specific conductance, 
and chloride, as determined by both the Regional 
Planning Commission and the MMSD, are set 
forth below. 

Dissolved Oxygen: During the 1964-1965 sampling 
period, the dissolved oxygen levels in the water- 

Parameter 

Chloride (mgll) . . . . . . . . . 
Dissolved Solids (mgll) . . . . 
Dissolved Oxygen (mgll) . . . 
Total Coliform Count 

(MFCC1100 ml). . . . . . . . 
Temperature (OF) . . . . . . . 

shed were found to range from 6.4 mg/l to 13.7 
mg/l, with an average of 10.9 mg/l. Although no 
samples taken at stations Ok-1 or Ok-2 exhibited 
an oxygen concentration of below 5.0 mg/l, 

substandard levels were recorded on 11 occasions 
during the 1964 summer months at  the four Mil- 
waukee Metropolitan Sewerage District (MMSD) 
stations. Surprisingly, the substandard levels 
recorded at the MMSD stations were not detected 
at station Ok-2, 2.2 miles downstream, thus 
indicating that this stream reach may have under- 
gone natural recovery, thereby increasing dissolved 
oxygen levels. 

Numerical Value 

Although there were no public or private sewage 
treatment facilities discharging to the stream 
system of the watershed, the upstream substandard 
dissolved oxygen levels can be attributed to  raw 
sewage being discharged through sanitary sewer 
overflows into the stream system during periods of 
significant precipitation. In addition, runoff from 
both urban and rural land uses may have contri- 
buted to sporadic reductions in dissolved oxygen 
levels during periods of wet weather. In most cases, 
however, dissolved oxygen levels were found to be 
high throughout the upstream and middle reaches 
of the watershed, with readings of 13.4 mg/l and 
10.3 mg/l at  stations Ok-1 and Ok-2, respectively, 
during the August low-flow period in 1964. This is 
indicative of low amounts of organic loading on 
this stream system, and the supersaturated dis- 
solved oxygen levels probably indicate the effects 
of plant growth on the water quality. 

Biochemical Oxygen Demand: During the 1964- 
1965 sampling period, the five-day biochemical 
oxygen demand (BOD5) in Oak Creek was found 
to  range from 0.5 mg/l to  9.9 mg/l. The lowest 
value was recorded at station Ok-1 in May 1964 
and the highest at station Ok-2 in August 1964. 
Higher values, in the range of 10.0 mg/l to 21.5 
mg/l, were noted in the supplemental MMSD 
samples and were probably associated with pre- 
cipitation on the day of sampling or within the 
24-hour period preceding the sampling. Lower 

Minimum 

30 
375 

6.4 

500 
32 

Maximum 

135 
755 

13.7 

33,000 
7 7 

Average 

80 
605 

10.9 

8,500 
48 



levels of biochemical oxygen demand were found 
at the farthest upstream station, Ok-1, with gradu- 
ally increasing levels occurring at each successive 
station moving downstream through stations 
MMSD-Ok-la, MMSD-Ok-lb, MMSD-Ok-lc, and 
Ok-2. This indicates increasing biochemical oxygen 
demand levels in the stream reaches tributary to 
the more intensively urbanized land uses. Biochem- 
ical oxygen demand levels are more sensitive to the 
effect of rainfall in streams draining urban areas 
than in similar streams draining rural areas because 
of the relatively large proportion of impervious 
area drained and the numerous sources of organic 
material. Consequently, at times of heavy rainfall, 
urban areas may contribute heavily contaminated 
runoff directly or indirectly to the surface water 
system. At station MMSD-Ok-2a, biochemical 
oxygen demand levels were found to  be consider- 
ably reduced, falling to levels of 1.0 mg/l because 
of the dilution effect of Lake Michigan. 

Temperature: During the 1964-1965 sampling 
period, the temperature of Oak Creek was found to 
range from 32O F to 77OF. For the period June 
through September 1964, the temperature aver- 
aged 58OF and 67OF at stations Ok-1 and Ok-2 
respectively. These temperature variations may 
be attributed primarily to  seasonal changes. Conse- 
quently, the discharges of cooling water into the 
main stem or the tributaries of Oak Creek from the 
Appleton Electric Company and Bucyrus Erie 
Company located in the City of South Milwaukee; 
the Harley-Davidson Motor Company located in 
the City of Oak Creek; and the Ladish Company 
located in the City of Cudahy apparently did not 
increase the normal temperature of the stream 
water above the prescribed standard of 8g°F. 

Total Coliform Bacteria: During the 1964-1965 
sampling period, coliform levels in Oak Creek were 
found to vary from 500 membrane filter coliform 
counts (MFCC) per 100 ml to  33,000 MFCC/100 
ml, with the highest count occurring at station 
Ok-2 on September 23, 1964. On the same day, a 
reading of 22,000 MFCC/100 ml was recorded at 
station Ok-1. The MMSD stations exhibited ranges 
from as low as 100 MFCC/100 ml to as high as 
168,000 MFCC/100 ml. Elevated readings occurred 
generally during periods of wet weather. The 
coliform counts observed in fall and early winter of 
the 1964-1965 sampling period at sampling station 
Ok-2, reflecting the more urbanized areas of the 
watershed, were generally higher than the coliform 
counts observed upstream at sampling station 
Ok-1, which is associated with the more rural areas 

of the watershed. This same pattern was also noted 
during summers of some later years of sampling for 
fecal coliform. 

Fecal coliform bacteria measurements were not a 
part of the 1964 water quality benchmark survey 
conducted by the Commission. Thus, it is difficult 
to estimate the levels of fecal coliform organisms 
within the total coliform concentration. Generally, 
however, increased total coliform counts indicate 
elevated fecal coliform readings. The MMSD 
conducted fecal coliform samplings in 1964 
at the Grant Park station, MMSD-Ok-2a, at  the 
mouth of Oak Creek. Although dilution from Lake 
Michigan waters would tend to reduce the fecal 
coliform counts at this station, ranges of from 20 
to  1,400 fecal coliform counts per 100 ml were 
recorded. These levels indicate the presence of 
fecal coliform bacteria contamination in Oak Creek 
from several possible sources, including runoff 
from animal feeding operations, from areas served 
by malfunctioning onsite sewage disposal systems, 
and from sanitary sewer overflows and urban 
runoff. 

Hydrogen Ion Concentration (pH): During the 
1964-1965 sampling period, the pH values at all 
sampling stations in the Oak Creek watershed 
ranged from 7.3 to 9.1 standard units. The recom- 
mended maximum of 9.0 standard units, as pre- 
scribed by the Department of Natural Resources 
for the maintenance of fish and aquatic life, was 
exceeded four times, once at station MMSD-Ok-la, 
twice at  station MMSD-Ok-lc, and once at station 
MMSD-Ok-2a, with readings of 9.1 at each station. 
It  is difficult to assess the origin of these elevated 
pH levels, although industrial waste discharges are 
the most likely cause. 

Specific Conductance: During the 1964-1965 
sampling period, the specific conductance of the 
surface waters of the Oak Creek watershed was 
found to range from 544 to 1,020 pmhos per 
centimeter at 25OC. The specific conductance 
is an approximate measure of the dissolved ions 
present in water, the increased specific conduc- 
tance normally being due to the presence of 
increased amounts of such substances as sulfates, 
bicarbonates, and chlorides. As anticipated, higher 
specific conductance levels were evident during the 
spring runoff because of the greater concentrations 
of dissolved solids from the residue of winter street 
and highway salting operations. During the late 
spring, summer, and early fall months, specific 
conductance levels returned to  normal at stations 
Ok-1 and Ok-2. 



Chloride: During the 1964-1965 sampling period, 
the observed chloride concentrations for the Oak 
Creek watershed ranged from 7 mg/l to 135 mg/l, 
with the average values for Oak Creek being 77 
mg/l. The levels of chloride concentration were 
typically elevated during the winter months at  all 
stations except the MMSD-Ok-2a at Grant Park as a 
result of runoff contaminated with road salt. This 
exception reflects the dilution of the stream water 
with Lake Michigan water at  that location. 

Concluding Statement: The 1964-1965 dry weath- 
er survey indicated that water quality conditions 
consistently satisfied the temperature standards 
established for the surface waters of the Oak Creek 
watershed. The sample data, however, indicated 
that the dissolved oxygen standard, pH standard, 
and fecal coliform standard were occasionally to 
frequently violated. The violation of these stan- 
dards can be primarily attributed to excessive 
nonpoint source pollution loading to the streams 
and to  the discharge of sanitary sewage from 
sewer overflows. 

SEWRPC Continuing Water Quality 
Monitoring Program: 1968-1975 
In 1968, the Commission entered into a coopera- 
tive agreement with the Wisconsin ~ e ~ a r t m e n t  of 
Natural Resources for the execution of a continu- 
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 
two Oak Creek 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, dis- 
solved phosphorus, pH, chloride, and specific 
conductance. Additional data are available for 
low-flow periods in 1965 and 1966 from samples 
taken by the Milwaukee Metropolitan Sewerage 
District at stations Ok-la, Ok-lb, Ok-lc, and 
Ok-2a. 

To provide additional information on the diurnal 
fluctuations of stream water quality, the moni- 
toring 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 
one 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 Wisconsin Department of Natural Re- 
sources agreed to  a further revision of the program 
beginning with the 1972 survey. The overall 
continuity of the sampling program was main- 
tained by continuing to monitor those parameters 
included in previous surveys 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 nitro- 
gen, and dissolved phosphorus measurements; 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, provided for four mea- 
surements 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 nitro- 
gen, organic nitrogen, dissolved phosphorus, and 
total phosphorus. 

Findings of the Study: A summary of the data 
collected by the Commission staff for the two 



sampling stations in the Oak Creek watershed- Dissolved Oxygen: During the low-flow sampling 
Ok-1 and Ok-2-for the period 1968 through 1975 periods for the years 1968 through 1975, the 
is set forth in Tables 46 and 47. dissolved oxygen levels in the Oak Creek stream 

Table 46 

WATER QUALITY CONDITIONS OF OAK CREEK AT SAMPLING STATION OK-I: 1968-1975 

a 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. 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. 

Dissolved oxygen and temperature standards apply to continuous streams and the epilimnion of stratified lakes and to the unstratified lakes 
the dissolved oxygen standard does not apply to the hypolimnion of stratified inland 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. 

Parameter 

Chloride (mg/l) . . . . . . . . . . . .  
Dissolved Oxygen (mg/l) . . . . . . .  
Ammonia-N (mg/l) . . . . . . . . . .  
Organic-N (mg/l) . . . . . . . . . . .  
Total-N (mg/l). . . . . . . . . . . . .  
Specific Conductance 

(umhoslcm at 2 5 O ~ l  . . . . . . . .  
Nitrite-N (mg/l) . . . . . . . . . . . .  

. . . . . . . . . . .  Nitrate-N (mg/l). 
Soluble Orthophosphate-P (mg/l) . . 

. . . . . . .  Total Phosphorus (mg/l) 
Fecal Coliform (MFFCC/100 ml) . . 

. . . . . . . . . .  Temperature (OF). 
Hydrogen Ion Concentrations 

. . . . . . . . . . .  (standard units) 

This level of un-ionized ammonia is assumed to be present at the temperature range of 70-75O~ and pH of 8.0 standard units, which are 
generally the critical conditions in the Region, and at ammonia nitrogen concentrations of about 0.4 mg or greater, and has been recom- 
mended by the EPA 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. 

Recommended 
~eve l l~ tandard~ 

5 . 0 ~  
0.02~ 

-- 

0.3 

0.1 
200-400d 
89 .oe 

6.0-9.0 f 

Shall not exceed a monthly geometric mean of 200 per 100 ml based on not fewer than five samples per month nora monthly geometric 
mean of 400 per 100 ml in more than 10 percent of all samples during any month. 

Numerical Value 

There shall be no temperature changes thaf may adversely affect aquatic fife. Natural daily and seasonal temperature ffuctuations shall be 
maintained. The rnaximum temperature rise at the edge of the mixing zone above the existing natural temperature shall not exceed 5 ' ~  for 
streams and 3 ' ~  for lakes. 

Number 
of 

Analyses 

22 
30 
8 
8 
8 

30 
12 
12 
12 
8 

12 
30 

22 

Maximum 

221 .OOO 
13.1 . 
0.440' 
0.980 
1.750 

1,720.0 
0.050 
0.430 
0.1 76 
0.160 

1,200 
81 .O 

8.2 

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 
rnaximum and minimum. 

Number of Times 
the Recommended 
Standard/ Level 
Was Not Met 

3 h 
o1 

4 

5 
7g 
0 

0 

The value of 400 was used in determining the number of times the standard was not met. 

Average 

141.745 
7.0 . 
0.249' 
0.721 
1.233 

1,235.0 
0.024 
0.21 2 
0.079 
0.102 

508 
73.4 

8 .O 

The concentrations were below the water quality standard of 5.0 mg/l for dissolved oxygen. 

Minimum 

27.000 
1.5 . 
0.030' 
0.180 
0.290 

775.0 
0.002 
0.040 
0.010 
0.020 

130 
66.5 

7.6 

Data are reported as total ammonia. 

j Violations were determined by relating un-ionized and total ammonia as put forth in Quality Criteria for Water, EPA440/9-76-003. 

Source: SEWRPC. 



system ranged from 1.5 mg/l to 13.1 mg/l at Pennsylvania Avenue. The average dissolved 
stations Ok-1 and Ok-2 and the three MMSD oxygen concentrations at stations Ok-1 and Ok-2 
stations at Forest Hill Road, Drexel Avenue, and were 7.0 and 7.1 me;ll,respectively. Lower dis- 

Table 47 

WATER QUALITY CONDITIONS OF OAK CREEK AT SAMPLING STATION OK-2: 1968-1975 

a 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. 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. 

Dissolved oxygen and temperature standards apply to continuous streams and the epilimnion of stratified lakes and to the unstratified lakes; 
the dissolved oxygen standard does not apply to the hypolimnion of stratified inland 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. 

Parameter 

Chloride (mgll) . . . . . . . . . . . .  
Dissolved Oxygen (mgll) . . . . . . .  
Ammonia-N (mgll) . . . . . . . . . .  
Organic-N (mg/l) . . . . . . . . . . .  
Total-N (mgl l) .  . . . . . . . . . . . .  
Specific Conductance 

(umhoslcm at 2 5 ' ~ )  . . . . . . . .  
Nitrite-N (mgll) . . . . . . . . . . . .  
Nitrate-N (mgll). . . . . . . . . . . .  
Soluble Orthophosphate-P (mgll) . . 
Total Phosphorus (mgll) . . . . . . .  
Fecal Coliform (MFFCCIIOO ml) . . 
Temperature ( O F ) .  . . . . . . . . . .  
Hydrogen Ion Concentrations 

(standard units) . . . . . . . . . . .  

This level of un-ionized ammonia is assumed to be present at the temperature range of 70-75'~ and pH of 8.0 standard units, which are 
generally the critical conditions in the Region, and at ammonia nitrogen concentrations of about 0.4 mg or greater, and has been recom- 
mended by the EPA 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. 

Number 
of 

Analyses 

22 
30 
8 
8 
8 

30 
12 
12 
12 
8 
12 
30 

22 

Shall not exceed a monthly geometric mean of 200 per 100 rnl based on not fewer 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. 

Number of Times 
the Recommended 
StandardILevel 
Was Not Met 

1 
d 

8 

3 
3g 
0 

0 

Recommended 
~eve l l~ tandard~  

5.0~ 
0.02~ 

0.3 

0.1 
200-400d 
89.0~ 

6.0-9.0 f 

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 5'~ for 
streams and 3'F for lakes. 

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. 

Numerical Value 

The value of 400 was used in determining the number of times the standard was not met. 

Maximum 

21 1.000 
9.6 . 
0.270' 
1.320 
3.460 

1,160.0 
0.1 00 
1.770 
0.31 2 
0.230 

1,800 
80.0 

89.0 

The concentrations were below the water quality standard of 5.0 mg/l for dissolved oxygen. 

' Data are reported as total ammonia. 

Average 

87.061 
7.1 . 
0.1 44' 
0.767 
1.518 

899.4 
0.030 
0.459 
0.099 
0.102 

490 
73.3 

8 .O 

j Violations were determined by relating un-ionized and total ammonia as put forth in Quality Criteria for Water, €PA-44019-76-003. 

Minimum 

48.000 
4.1 . 
0.030' 
0.210 
0.51 0 

609.0 
0.004 
0.100 
0.010 
0.050 

150 
67.0 

7.8 

Source: SEWRPC. 



solved oxygen levels were, however, observed 
in 1975 than in any of the prior sampling years, 
indicating that the water quality conditions had 
declined during the sampling period. The data 
indicate that during low-flow conditions, the 
5.0 mg/l standard was violated at the Commis- 
sion sampling station only three times, all on 
August 25, 1975. The decrease in dissolved oxygen 
in August 1975 can be attributed to  the rainfall 
which occurred over the four days prior to sam- 
pling, during which time two inches of rainfall 
were recorded at the General Mitchell Field 
weather station, located 3.5 miles north of station 
Ok-2. Based on the sampling results, there appears 
to be a more pronounced reduction in dissolved 
oxygen levels after intensive rainfall events at  
sampling stations Ok-1, MMSD-Ok-la, and MMSD- 
Ok-lb, which are located closer to the agricultural 
subbasin of the watershed, than at the more 
urbanized downstream stations MMSD-Ok-lc and 
Ok-2. This may be attributed to  organic loadings 
associated with stormwater runoff from agricul- 
tural lands. 

A comparison of the dissolved oxygen concentra- 
tions recorded in April and August of the years 
1964, 1968, and 1969 indicates consistently higher 
dissolved oxygen levels in April of each year than 
during the August low-flow periods. The lower 
flow and higher temperatures, coupled with the 
organic loadings from agricultural and urban 
runoff, probably account for the lower dissolved 
oxygen concentrations in the August samples. 

Chloride: Chloride concentrations in Oak Creek 
were observed to range from 27 mg/l to 221 mg/l 
at  the two Commission statio'ns from 1964 through 
1975. The majority of the readings exceeded the 
normal background levels of chloride concentra- 
tions in the groundwater of 7 mg/l for the Oak 
Creek watershed area. A comparison of the chlor- 
ide concentrations for April and August of 1968 
indicates generally higher chloride concentrations 
in April at  both stations. When the average chloride 
concentrations for August 1968 through 1975 are 
compared for both stations, a decreasing trend over 
time is noted. The chloride concentrations exhib- 
ited decreases at both stations over the eight-year 
sampling period. These results are consistent with 
what might be expected, since the winter salting 
operations of the Milwaukee County Highway 
Department and the local units of government 
decreased during the same period because of the 
installation of computerized salting machines, 
which use less salt. Decreasing levels of chloride 
within the Oak Creek watershed may also be 

attributed to a reduced number of livestock 
operations as a result of urbanization, elimination 
of malfunctioning domestic onsite sewage disposal 
systems as a result of rapidly expending sewer 
service areas, and the gradual elimination of sewage 
overflow relief devices by the Cities of Oak Creek 
and South Milwaukee. 

Fecal Coliform Bacteria: Fecal coliform bacteria 
counts observed at the Commission sampling 
stations from 1968 through 1975 ranged from 70 
to  13,000 MFFCC/100 ml. It  is difficult to assess 
any trends because of the lack of fecal coliform 
data for the years prior to  1968 and because of the 
fluctuations of fecal coliform values as a result of 
varied precipitation. Milwaukee Metropolitan Sew- 
erage District data available for August 1965 and 
1966 for sampling stations MMSD-Ok-la, Ok-lb, 
and Ok-lc indicate very high counts ranging from 
1,200 to 1,900 MFFCC/100 ml in 1965 and lower 
counts ranging from 400 to 700 MFFCC/100 ml in 
1966. The fecal coliform levels recorded at sam- 
pling station Ok-2, located in the more urbanized 
portion of the watershed, were more sensitive to  
the flow rates on the sampling dates than were the 
levels recorded at sampling station Ok-1, located in 
the more rural portion of the watershed. 

Unlike the other watersheds within the Region, 
where probable sources of fecal contamination can 
be identified, the Oak Creek watershed had few 
probable sources at the time of the sampling. 
Livestock operations, of which two were known to 
exist within the watershed in 1975, and malfunc- 
tioning septic systems are the probable major 
sources of fecal contamination within this water- 
shed during dry weather. Runoff from livestock 
operations contribute fecal coliform primarily to 
surface waters during wet weather. Malfunctioning 
septic systems can contribute fecal coliform 
bacteria to surface and groundwater during periods 
of both dry and wet weather because a system's 
tendency to malfunction may not be dependent on 
saturated soil conditions but rather on the inability 
of the system and associated seepage bed to  
process wastes properly. The three sanitary sewer- 
age system flow relief devices that have discharged 
raw sewage into the streams during times of sewer 
surcharge may have been the source of high fecal 
coliform levels during wet weather. In addition, 
fecal material from pets or other warm-blooded 
animals within the watershed, when washed off 
during precipitation events, may have contributed 
to the high levels. Generally, the data indicate that 
the overall levels of water quality in the main 
stem of Oak Creek have improved somewhat- 



especially at sampling station Ok- ls ince  1968, on 1 the basis of fecal coliform levels observed in 
August during the years 1968 through 1975. 

H y d r o g e n :  As indicated in 
Tables 46 and 47. the pH values of the stream 
system in the Oak 'creek-watershed have generally 

I been within the range of 6.0 to 9.0 standard units 
I prescribed for the maintenance of warmwater fish 

and aquatic life. The pH was within the 1973 
adopted standards for all of the samples taken at 
sampling stations Ok-1 and Ok-2. No apparent 
trend in pH was observed in the samples collected 
over the 10-year period. Normal ranges for pH of 

1 7.9 to 8.2 standard units were also recorded at 
sampling stations MMSD-Ok-la, Ok-lb, and Ok-lc 
in 1965 and 1966. 

1 Specific Conductance: Specific conductance, a 
measure of total dissolved ions in water, was found 
to range from 544 to 1,720 pmhos per centimeter 
at  25OC at the two Commission sampling stations 
on the days of sampling between 1964 and 1975. 
The highest specific conductance value was found 
at station Ok-1 on August 11, 1970, and was 
preceded by four days of rainfall of sufficient 
intensity to have carried major amounts of dis- 
solved solids into the watercourse. The direct 
relationship observed between dissolved ion 
concentrations and antecedent rainfall is supported 
by the increased values of specific conductance in 
April, which were observed to be higher than the 
August readings in 1968 and 1969. The increased 
concentrations of dissolved ions in the April 
samples may be attributed to spring runoff and the 
flushing action which accompanies snowmeit and 
heavy rainfall. However, the August samples 
seemed to  indicate a decrease in specific conduc- 
tance over the eight-year sampling period. 

Temperature: As indicated in Tables 46 and 47, 
the temperature of the stream water of the water- 
shed has remained below the 8g°F standard 
established for fish and aquatic life. No trend in 
temperature variation was observed from August 
1964 through 1975, although seasonal fluctuations 
were noted. 

Soluble Orthophosphate and Total Phosphorus: 
Water samples collected from the two Commission 
sampling stations during August of the years 1968 
through 1975 were analyzed for soluble ortho- 
phosphate concentrations. A range of 0.01 to  
0.38 mg/l of soluble orthophosphate, measured as 
phosphorus, was found during the eight sampling 

years at the two stations. From 1972 through 
1975, the water samples also were analyzed for 
total phosphorus, and a range of 0.02 to  0.23 mg/l 
as P was found. The ratio of soluble orthophos- 
phate to total phosphorus was found to be approx- 
imately 1 to 1; however, at times the ratio was 
found to range from 0.5 to  1.0. This high ratio of 
soluble orthophosphate to total phosphorus 
indicated that most of the phosphorus is in the 
form readily available for the growth of aquatic 
flora. Although not enough samples were analyzed 
to  characterize the trends in total phosphorus 
concentrations over time, it is evident from the 
data that the concentrations are higher than 
required for excessive algal growth. It is generally 
believed that a level of 0.10 mg/l of total phos- 
phorus is sufficiently low to prevent nuisance 
growth of algae and other aquatic plants. Eight of 
the 16  water samples collected from Oak Creek 
exhibited total phosphorus levels equal to or higher 
than 0.10 mg/l. 

The phosphorus data, along with the earlier-cited 
chloride data, are indicative of the presence of 
several sources of pollution from both point and 
nonpoint sources within the watershed. The 
increase in phosphorus with the increase in flow in 
the rural areas may indicate that part of the 
phosphorus loading is due to  agricultural runoff. 
Conversely, in the urban areas, point source 
contamination from sanitary sewerage system flow 
relief devices, industrial wastewater discharges, and 
stormwater discharges may contribute signifi- 
cantly to the phosphorus loadings of the surface 
waters of the Oak Creek watershed. 

Total phosphorus loadings from the watershed 
were determined utilizing flow data from the U. S. 
Geological Survey continuous stage recorder gage 
at sampling station Ok-2, and measured sample 
data. 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 Pollution in south- 
eastern Wisconsin: 1975. Both the technical report 
data and the measured data are presented in the 
following section on nonpoint sources of pollution. 

Nitrogen: The total nitrogen concentrations in the 
water samples collected during August of the years 
1972 through 1975 were found to range from 0.29 
to 3.46 mg/l as N. Of this total, 0.6 to 2.8 percent 
was found to be in the form of nitrite nitrogen, 7.8 
to 10  percent in the form of ammonia nitrogen, 51  
to 60 percent in the form of nitrate nitrogen, and 



38 to 62 percent in the form of organic nitrogen. 
The concentrations of ammonia nitrogen at the 
sampling stations ranged from 0.03 to 0.44 mg/l as 
N. The highest concentrations were found at 
sampling station Ok-1 in 1974 and 1975. These 
elevated levels could indicate the effects of agricul- 
tural cropping operations. 

Nitrate nitrogen concentrations in the Oak Creek 
watershed were found to range from 0.04 to 2.1 
mg/l as N. The major source of nitrate nitrogen in 
the Oak Creek watershed is probably agricultural 
operations. 

Organic nitrogen in the Oak Creek watershed 
ranged from 0.18 to 1.32 mg/l on the sampling 
days in 1972 through 1975.Organic-nitrogen levels 
remained high over the last four years of sampling, 
with 75 percent of the values ranging upward 
from 0.50 mg/l. Generally, the total nitrogen 
loadings increased with flow. The four years of 
data are insufficient for identifying a trend in the 
total nitrogen loading of Oak Creek. However, 
the nitrogen data, when considered along with 
the chloride and total phosphorus data, do indi- 
cate that significant sources of pollution existed 
within the watershed which were probably diffuse 
in nature. 

Concluding Statement: The Commission's con- 
tinuing water quality monitoring program for 
1968 through 1975 indicated that water quality 
conditions in the Oak Creek watershed had dete- 
riorated since 1968. When comparing the 1975 
water quality data to the applicable 1976 DNR- 
adopted standards, dissolved oxygen concentra- 
tions and fecal coliform counts were found not to 
meet the minimum standards for recreational use 
and the maintenance of warmwater fish and other 
aquatic life. In addition, the level of total phos- 
phorus was higher than the recommended level 
adopted by the Commission, and the levels of 
ammonia nitrogen exceeded the established maxi- 
mum standard of 0.4 mg/l for streams on two 
occasions at station Ok-1. 

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. Such data 
applicable to the Oak Creek watershed are pre- 
sented below. 

Toxic and Hazardous Substances-Background: 
The general category of toxic and hazardous 
materials consists of the three subcategories: 
metals, pesticides, and polychlorinated biphenyls 
(PCB's). All of these materials tend to accumu- 
late in the environment as a result of man's activi- 
ties. Metals such as cadmium, chromium, cobalt, 
copper, lead, mercury, nickel, and zinc 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. Pesticides encom- 
pass all forms of insecticides, herbicides, fungi- 
cides, fumigants, nematocides, algicides, and 
rodenticides. Polychlorinated biphenyls--PCBys- 
are a class of compounds produced by chlorina- 
tion of biphenyls and are registered in the United 
States under the trade name of Arochlor. PCB's are 
slightly soluble in water, relatively nonflammable, 
and have desirable heat exchange and dielectric 
properties. They were formerly used principally 
in the electrical industry in capacitors and trans- 
formers and in the production of papers used 
for printed self-copying forms not requiring 
carbon paper. 

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 
populations. Reported adverse effects of metals, 
pesticides, and PCB's on humans include liver and 
kidney disorders, carcinogenic effects, nervous 
system damage, skin lesions, and disruption 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. 



Metals, pesticides, and PCB's may potentially be 
transported into the surface waters of the Oak 
Creek watershed directly via stormwater runoff as 
well as through industrial and municipal waste- 
water outfalls or by groundwater discharge if 
groundwater were to become contaminated with 
these materials. Potential diffuse sources of heavy 
metals, pesticides, and PCB's in the Oak Creek 
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 
agricultural and lawn and garden purposes; pesti- 
cides that have been sprayed or spread, and dis- 
charges of sanitary sewerage system flow relief 
devices. 

Findings of the Study: Dry weather metal, PCB, 
and pesticide concentrations found in the selected 
surface water quality samples taken by the Wis- 
consin Department of Natural Resources from 
sampling stations located on Oak Creek from 
May 1975 through April 1976 are summarized in 
Table 48. In addition, the results of two sediment 
samples collected from two locations on Oak Creek 
are presented in Table 49. 

Surface Waters: Generally, the data presented in 
Table 48 do not indicate the presence of a toxic 
substances pollution problem in the surface waters 
of the Oak Creek watershed. Of the seven metals 
for which data are available, mercury was the only 
one found to occur in the watershed in concen- 
trations in excess of the U. S. Environmental 
Protection Agency (EPA)-recommended standard. 
Two samples out of a total of 48 samples analyzed 
had mercury levels above the recommended 
standard. It  is important to note that in the above 
analysis for mercury, the lowest level of mercury 
which the laboratory conducting the test was able 
to  detect was 0.2 microgram per liter, (pgll), which 
is higher than the recommended standard 0.05 
ug/l. Therefore, the actual mercury concentration 
present in the remaining 46 samples, while lower 
than 0.2 ugll, could still be higher than the recom- 
mended level of 0.05 pgll. In addition, one sample 
out of a total of 10 samples analyzed for PCB's 
exceeded the EPA-recommended standard. As with 
mercury, the sensitivity of the tests used to  analyze 
the samples for the presence of PCB's was signifi- 
cantly higher than the recommended standard level 
of 0.001 yg/l. Therefore, it is difficult to  assess 
the actual number of samples in excess of the 
recommended standard in the surface waters of 
this basin. 

With regard to observed concentrations of the 
pesticides for which criteria have been recom- 
mended-namely, DDT, DDE, DDD, Aldrin, 
Heptachlor, Heptachlor Epoxide, Lindane, Diel- 
drin. Methoxychlor, and Phthalate-the limited 
data available indicate that there are no violations 
of the EPA-recommended standards. 

Sediment: The available data on the presence 
of toxic substances in the bottom sediments 
of the Oak Creek watershed are presented in 
Table 49. Analysis of the subject bottom sediments 
indicated that detectable levels of cadmium, zinc, 
and PCB's were present. 

SEWRPC Monitoring for the Areawide Water 
Q x 7  
In 1976 the Commission entered into a cooperative 
agreement with the Wisconsin ~ e ~ a r t m e n t  of 
Natural Resources and the U. S. Geological Survey 
for the execution of a short-term stream water 
quantity and quality monitoring program within 
the Region that included one location within the 
Oak Creek watershed. The objective of this moni- 
toring program, which was carried out under the 
areawide water quality management planning 
program, was to provide discharge and flow data at 
selected locations in the Region for a continuous 
period of time encompassing periods of both dry 
weather low flow and 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 suitable continuous 
data series for calibration of the hydrologic- 
hydraulic water quality model being used under 
the areawide water quality management planning 
program-a predecessor to the model used under 
the Oak Creek watershed planning program. 

The sampling station utilized during this moni- 
toring program was located at the 15th Avenue 
bridge crossing of Oak Creek-River Mile 2.8-in 
the City of South Milwaukee. This is also the site 
of a U. S. Geological Survey continuous stage 
recorder gage established in 1963. The location of 
the sampling site is shown on Map 35. 

As shown in Figure 31, stream water quality 
determinations for the station were made at 
approximately one-day intervals for the period of 
September 7 and through October 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 significant rainfall event 



Table 48 

SUMMARY RESULTS OF AVAILABLE DATA FOR TOXIC AND HAZARDOUS MATERIALS 
I N  SELECTED WATER QUALITY SAMPLES FROM THE OAK CREEK WATERSHED 

a  rer rage of derprm,nas rrmpla rssulfr Inumber of samples swrasedl. 

lndeferminare sample rsmlfr Inumber of sampler averawjl. Arferish 1.1 rndicafer those sample results of leu than defscfable /senrrr,v,gl/ l i m r ~  of the laboratory analysts 

NO m m m e n d e d  crisrta errablrrhed. 

Source W,~conr,n Department of Natural Resaurser and SEWRPC. 

Table 49 

L O C B ~ ~ D ~  

Oak Creek Puetz Road 
West of Howell 

Oak Creek Marsuene Street 

Oak Creek Parkway 
0.3 Miler Below Dam 
(Mill R o d )  

Oak Creek 
Pennsylvania Avsnue 

Location 

o a k c r e e k p u e u ~ ~ d  
Wwt of Howell 

oak creek ~ ~ q u s t t e s t t e e t  

Oak Creek Parkway 
0.3 Miisr Below Dam 
lMili Rod1  

Oak Creek 
Pennsylvania Avenue 

SUMMARY RESULTS OF AVAILABLE DATA FOR TOXIC AND HAZARDOUS MATERIALS I N  
SELECTED SEDIMENT SAMPLES FROM THE STREAMS OF THE OAK CREEK WATERSHED 

Marwry 
YBII 

Nickel 
~ g n  

 me 

05/27/15. 
04/12/76 
05/27/15. 
04/12/76 
05/27/75. 
0411 2/76 

05/27/75. 
04/12/76 

a 

0.3111 

0.3111 

-- 

-- 

B 

-- 
-- 

-- 

-- 

D a f e a  

05/27/75. 
04/12/16 
05/27/15. 
04/12/76 
05/21/75. 
04/12/76 

05/27/75 
04/12/76 

Lindana 
~011 

a Awrage of determinate sample mrulfr Inumber of sampler aver@/. 

lnderermrnas sample yerulfs Inumber of samples aver&/. 

Source: W#rconrrn Department of Narural Rasourrrr and SEWRPC. 

Zinc 
U ~ I  

b  

< 0.2'1121 

< 0.2.1101 

< 0.2'1121 

< 0.2*1121 

b a  

< 20.1131 

< 20.111) 

< m.1121 

< 20.1121 

- -  

-- 
-- 

.- 

Dater of 

occurred on October 4 and 5, when about 1.38 
inches of rainfall fell on the watershed 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. 

Polyshlorinmd 
Biphenyls IPCB'sI 

W/I 

50.181 

80.191 

17.141 

30.181 

b a b a  

<0.~5131 

< 0.01131 

<O.W6131 

<0.003121 

Dieldrin 

cdI 

The data collected at the station in the Oak Creek 
watershed during September and October of 1976 
are different from the data collected in all the 

-- 
-- 

0.56111 

-- 

b  

<20.151 

< m . ( ~ )  

< 20.181 

< 20.141 

Cadmium 
U ~ I ~  

DOT 
u911 

- -  

- -  
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Figure 31 

SURFACE WATER QUALITY (DRY AND WET WEATHER) OF OAK CREEK 
AT 15TH AVENUE (RM 2.84): SEPTEMBER 7-OCTOBER 5,1976 

HOURLY PRECIPITATION: MILWAUKEE (MITCHELL FIELD) 
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Figure 31 (continued) 
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Figure 31 (continued) 
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impact of such events. Second, the 1976 data are 
for a continuous time period, thus permitting a 
characterization of water quality changes occur- 
ring at a given location over a period of time in 
response to varying meteorological conditions. 

Findings of the Study: Figure 31 is a graphic 
summary of water quantity and quality conditions 
in the Oak Creek at 15th Avenue during the period 
from September 7 through October 5 of 1976. A 
summary of dry and wet weather concentration 
and transport of biochemical oxygen demand, fecal 
coliform bacteria, chloride, orthophosphate, total 
phosphorus, and total nitrogen is presented in 
Table 50 for this station. 

Temperature: All of the water temperature mea- 
surements were less than the maximum allowable 
standard of 8g°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 tem- 
peratures occurring during the afternoon hours and 
the lowest temperatures occurring during the early 

morning hours. There is a slight lag between water 
temperatures and air temperatures. For example, 
air temperatures tend to exceed water tempera- 
tures by several degrees in the late morning hours, 
whereas air and water temperatures are approxi- 
mately equal in the late afternoon. Air tempera- 
tures 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--except a measurement taken 
on September 20, 1976, when the dissolved 
oxygen was 4.6 mg/l-were above the minimum 
standard of 5.0 mg/l, with an average dry weather 
concentration of 8.8 mg/l. 

Dissolved oxygen level concentrations were not 
significantly depressed during rainfall runoff events 
at the station, suggesting that the oxygen demand 
exerted by organic matter washed from the land 
surface was offset by oxygen entrained in the 
stormwater runoff, or that the reaction time was 



Table 50 

DRY AND WET WEATHER CONCENTRATIONS AND TRANSPORT FOR SELECTED POLLUTANTS IN THE 
OAK CREEK WATERSHED A T  'THE 15'rH AVENUE BRIDGE-OK-A: SEPTEMBER 7-OCTOBER 5,1976 

1976 
Sampling 

Dates 
for OK-A 

September 7 

September 8 

September 9 

September 10 

September I I 

September 12 

September I 3  

September I 4  

September 15 

September 16 

September I 7  

September I 8  

September 19 

September 20 

September 21 

September 22 

September 23 

September 24 

Sampling 
Condition 

Dry 

Dry 

Wet 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Wet 

Dry 

Dry 

Dry 

Dry 

Dry 

Biochemical 
Oxygen 
Demand 

Pounds 
per Day 
(mg/l) 

14.95 
(2.8)b 

14.96 
(2 .81~  

440.30 
(6.6) 

49.23 
(1 .O) 

46.86 
(2.6) 

9.68 
(1 .O) 

36.37 
(5.2) 

26.15 
(3.0) 

19.97 
(3.2) 

26.58 
(3.8) 

24.96 
(3.2) 

24.96 
(3.2) 

37.00 
(6.9)a 

64.84 
(4.6) 

73.60 
(3.8) 

45.32 
(5.2) 

30.77 
(4.4) 

11.14 
(1.8) 

Fecal 
Coliform 

Colonies 
per Day 
(MFFCC 

per 100 ml) 

2.76 x 10l0 
(1 12.7)~ 

7.95 lo9  
(3251b 

2.64 x 1012 
(8,700) 

5.83 x 10l0 
(260) 

1 . 2 3 ~  10'' 
(1,500) 

1.50 x 10l0 
(340) 

4.14 x lo9 
(130) 

2.62 x 10l0 
1660) 

6.25 x 1 0' 
(220) 

1 . 3 7 ~  10'' 
(430) 

8.88 x 1 0' 
(250) 

2.13 x 10l0 
(600) 

1.09 x l 0 l 3  
(36,261 .81b 

3.92 x 
(6,100) 

2.29 x 
(2,600) 

9.92 x 1 0' 
(250) 

2.26 x 10l0 
(710) 

2.00 x 10l0 
(710) 

Parameter, Transport, 

Chloride 

Pounds 
per Day 
(mg/l) 

51 5.50 
(95.8)b 

588.37 
(109.4)~ 

1,734.5 
(26.0) 

2,609.0 
(53.0) 

1,351.7 
(75) 

803.8 
(83) 

545.5 
(78) 

252.7 
(29) 

499.3 
(80) 

545.5 
(78) 

624.1 
(80) 

663.1 
(85) 

277.3 
(51 .51b 

789.3 
(56) 

1,607.5 
(83.0) 

767.0 
(88.0) 

664.4 
(95.0) 

668.2 
(108.0) 

Total 
Phosphorus 

Pounds 
per Day 
( ~ 1 1 )  

0.22 
(0.04)~ 

(0.19) 
(0.04)~ 

25.35 
(0.38) 

9.35 
(0.19) 

1.80 
(0.10) 

1.55 
(0.16) 

1.05 
(0.15) 

0.61 
(0.07) 

0.37 
(0.06) 

0.35 
(0.05) 

0.16 
(0.02) 

0.62 
(0.08) 

1.20 
(0.22)~ 

1.13 
(0.08) 

3.10 
(0.1 6) 

0.96 
(0.1 1 ) 

0.28 
(0.04) 

0.25 
(0.04) 

and concentrationa 

Phosphate 
Phosphorus 

Pounds 
per Day 
(mg/l) 

0.05 
(0.01 lb 

0.10 
(0.02)~ 

7.20 
(0.1 08) 

4.87 
(0.09 ) 

0.77 
(0.043) 

0.32 
(0.033) 

0.38 
(0.055) 

0.1 5 
(0.01 7) 

0.1 1 
(0.018) 

0.10 
(0.01 5) 

0.1 1 
(0.01 4) 

0.19 
(0.024) 

1.06 
(0.20)~ 

0.65 
(0.046) 

2.75 
(0.142) 

0.43 
(0.049) 

0.15 
(0.021 ) 

0.15 
(0.024) 

Total 
Nitrogen 

Pounds 
per Day 
(mg/l) 

6.75 
(1 .25)b 

4.24 
(1 .I 6)b 

88.70 
(1.33) 

21 2.1 7 
(4.31 ) 

50.10 
(2.78) 

23.82 
(2.46) 

14.27 
(2.04) 

13.42 
(1.54) 

9.92 
(1.59) 

9.37 
(1.34) 

10.61 
(1.36) 

12.25 
(1.57) 

13.73 
(2.551~ 

28.6 1 
(2.03) 

32.93 
(1.70) 

21.44 
(2.46) 

23.64 
(3.38) 

30.62 
(4.95) 



Table 50 (continued) 

a Values in parentheses indicate concentration. 

For days that multiple samples were collected, the concentrations are flow weighted. 

1976 
Sampling 

Dates 
for OK-A 

September 25 

September 26 

September 27 

September 28 

September 29 

September 30 

October 1 

October 2 

October 5 

Summary of 
Dry Weather 
Data 

Summary of 
Wet Weather 
Data 

Ratio Between 
Daily Wet Weather 

Source: SEWRPC. 

and Average Daily 
Dry Weather Transport 
and Concentration 
for Each Parameter 

Sampling 
Condition 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Dry 

Wet 

Minimum 

Maximum 

Average 

Minimum 

Maximum 

Average 

Average 

Biochemical 
Oxygen 
Demand 

Pounds 
per Day 
(ms/l) 

10.76 
(2.0) 

7.53 
(1.4) 

12.37 
(2.0) 

11.14 
(1.8) 

9.90 
(1.6) 

13.99 
(2.0) 

39.81 
(7.4) 

74.20 
(13.8) 

34.80 
(6.461~ 

7.53 
(1 .O) 

74.20 
(13.8) 

29.20 
(3.48) 

34.80 
(0.46) 

440.30 
(6.9) 

170.70 
(6.66) 

5.85 
1.91 

Fecal 
Coliform 

Colonies 
per Day 
(M F FCC 

per 100 ml) 

1.08 x 10'' 
(440) 

5.63 lo9 
(230) 

2.08 x 10'' 
(740) 

5.07 x lo9 
(180) 

4.23 x 1 0' 
(150) 

7.60 x 1 0' 
(240) 

2.70 x 10l0 
(1,100) 

1 . 4 9 ~  l o l o  
(610) 

5.66 x 1012 
(12,199)~ 

2.76 x 1 0' 
(112) 

3.92 x 10' 
(6.1 00) 

4.51 x 10'' 
(787.0) 

2.98 x 1 0 ' ~  
(8,700) 

1.09 x l 0 l 3  
(36,261.8) 

6.40 x 10' 
(1 9,053.6) 

1 42.00 
24.21 

and concentrationa 

Phosphate 
Phosphorus 

Pounds 
per Day 
(mg/l) 

0.27 
(0.050) 

0.28 
(0.053) 

0.32 
(0.052) 

0.26 
(0.032) 

0.30 
(0.049) 

0.1 1 
(0.015) 

0.24 
(0.044) 

0.1 2 
(0.022) 

0.18 
(0.033)~ 

0.05 
(0.01 ) 

4.87 
(0.1 42) 

0.549 
(0.039) 

0.18 
(0.033) 

7.2 
(0.02) 

2.81 
(0.1 14) 

5.12 
2.92 

Parameter. Transport, 

Chloride 

Pounds 
per Day 
(mg/l) 

602.6 
(112.0) 

661.7 
(123.0) 

618.7 
(100.0) 

662.0 
(107.0) 

544.5 
(80.0) 

643.5 
(92.0) 

521.9 
(97.0) 

263.6 
(49.0) 

192.3 
(35.71~ 

252.7 
(29.0) 

2,609.0 
(123.0) 

751.8 
(85.2) 

192.3 
(26.0) 

1,734.5 
(51.5) 

734.7 
(37.7) 

0.98 
0.44 

Total 
Phosphorus 

Pounds 
per Day 
(m9/1) 

0.43 
(0.08) 

1.08 
(0.20) 

0.37 
(0.06) 

0.1 9 
(0.03) 

0.37 
(0.06) 

0.21 
(0.03) 

0.48 
(0.09) 

0.16 
(0.03) 

1.79 
(0.33)~ 

0.16 
(0.02) 

9.35 
(0.20) 

1.05 
(0.08) 

1.20 
(0.22) 

23.35 
(0.38) 

9.45 
(0.31 ) 

9.00 
3.87 

Total 
Nitrogen 

Pounds 
per Day 
h9/1) 

29.64 
(5.51 ) 

30.99 
(5.76) 

33.53 
(5.42) 

21.90 
(3.54) 

1 7.45 
(2.82) 

1 7.90 
(2.56) 

18.24 
(3.39) 

19.31 
(3.59) 

9.35 
(1 .741b 

6.75 
(1.16) 

21 2.1 7 
(5.76) 

28.90 
(2.85) 

13.73 
(1.33) 

86.70 
(2.55) 

37.26 
(1.87) 

1.29 
0.66 



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 watershed indicated near- 
saturation conditions, and suggests that wet 
weather-condition runoff is generally rich in 
dissolved oxygen regardless of land use and ante- 
cedent ~ondit ions.~ 

Biochemical Oxygen Demand: The average dry 
weather biochemical oxygen demand (BOD) found 

I at the sample station was 3.48 mg/l.' The 'sample 
results indicated that the biochemical oxygen 
demand in the surface waters is influenced by 
runoff events. For example, the average concentra- 
tion of biochemical oxygen demand during wet 
weather conditions was almost double that during 

I dry weather conditions and the average loading 
during wet weather conditions was about six 
times the average loading during dry weather 
conditions. The increase in biochemical oxygen 
demand probably would be even more dramatic 
during snowmelt events because of the fall and 
winter accumulation of leaves, street litter, animal 
droppings, and vegetative ground cover. 

Fecal Coliform Bacteria: About 44 percent of the 
I dry weather samples for fecal coliform at the 

sampling station were in excess of the recom- 
mended level of 400 MFFCC per 100 ml. The 
sample station indicated a significant increase in 
fecal coliform bacteria following storm events, 
with all but one of the wet weather samples being 
in excess of the recommended level. 

Specific Conductance and Chloride: The moni- 
toring data indicate that during dry weather 
periods, specific conductance was relatively uni- 
form at the sampling station, averaging 847 
micromhos per centimeter. The sample data indi- 
cated a slight reduction of the specific conductance 

l 
and chloride concentration during and following 
storm events at the sample location. 

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 22 percent of the dry 

see  SE WRPC Planning Report No. 26, A Compre- 
hensive Plan for the Menomonee River Watershed, 
Volume One, Inventory Findings and Forecasts, 
October 1976, pp. 249-250. 

weather total phosphorus determinations made at 
the sample station exceeded this standard and 83 
percent of the wet weather samples were found to 
exceed this standard. The average dry weather total 
phosphorus concentration was found to be 0.08 
mg/l, with an average wet weather total phos- 
phorus concentration of 0.31 mg/l. The data 
indicate that the instream total phosphorus con- 
centration may be expected to increase signifi- 
cantly during both rainfall- and snowmelt-induced 
runoff events. 

Nitrogen: Total nitrogen loadings were observed to 
be higher during wet weather conditions than 
during dry weather conditions. For example, the 
average total nitrogen loading during dry weather 
conditions was about 28.9 pounds per day, where- 
as the average total nitrogen loading during wet 
weather conditions was about 37.27 pounds per 
day. The data indicate that total nitrogen loadings 
may be expected to increase during rainfall or 
snowmelt events, but not as sharply as would 
other water parameters such as biochemical oxy- 
gen demand, fecal coliform bacteria, and total 
phosphorus. 

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, recreational use, 
and aesthetic enjoyment. The transport of poten- 
tial pollutants as measured, for example, in pounds 
per day at the mouth of a watershed, ultimately 
determines the long-term quality of relatively static 
receiving waters such as estuaries, lakes, and 
reservoirs. 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, chloride, phos- 
phate phosphorus, total phosphorus, and total 
nitrogen-for dry weather days from September 7, 
1976, through October 5, 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 50 



Figure 32 

RATIO OF WET TO DRY WEATHER CONCENTRA'IION 
AND TRANSPORT FOR SELECTED POLLUTANTS IN  
OAK CREEK A T  THE 15TH AVENUE BRIDGE-OK-A 

(RM 2.84): SEPTEMBER 7-OCTOBER 5,1976 

N0TE:ON DAYS THAT MULTIPLE SAMPLES WERE COLLECTED, THE CONCENTRATIONS 
ARE FLOW WEIGHTED 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

and more particularly, the marked increase in both 
concentration and transport that occurred during 
the wet weather period, with the exception of 
the concentration and transport of chloride and 
nitrogen. 

Concentration: The instream concentration of 
four of the six parameters at the sample station 
increased during wet weather conditions. The 
concentrations ranged from 1.91 times the average 
dry weather concentration for biochemical oxygen 
demand to 24.21 times the average dry weather 
concentration for fecal coliform bacteria. These 
levels occurred in spite of the eight-fold increase 
in streamflow from 1.8 cubic feet per second (cfs) 
on dry weather days to 14.6 cfs on wet weather 
days. Therefore, the substantial increase in the 
available dilution water was more than offset 
by the increased quantity of substances carried 
into the surface waters for these four parameters 
by direct runoff occurring as overland flow 
through the storm sewer system, or from the 

inflow of shallow groundwaters. Instream chloride 
and nitrogen concentrations did not change sig- 
nificantly from wet weather to  dry weather 
conditions. 

Transport: The instream transport of the five 
indicators increased on the wet weather day to a 
level ranging from 1.29 times the average dry 
weather transport for total nitrogen to 142.00 
times the dry weather transport for fecal coliform. 
As shown in Figure 32, the ratios of wet to dry 
weather transport are greater than the ratios of wet 
to dry weather concentrations. 

Concluding Statement: The September and early 
October 1976 surveys at one sample location in the 
Oak Creek watershed indicated water quality 
conditions satisfying the established temperature 
standards in all instances. The dissolved oxygen 
standard was violated only once following a rain- 
fall event. About 44 percent of the dry weather 
fecal coliform samples were greater than 400 
MFFCC/100 ml, and 22 percent of the dry weather 
total phosphorus concentrations exceeded the 
established standard. All of the wet weather-- 
rainfall and snowmelt-fecal coliform and phos- 
phorus concentrations exceeded the standards. 

The instream concentrations of biochemical 
oxygen demand, fecal coliform bacteria, phos- 
phate, and total phosphorus were found to be up 
to  25 times greater during a rainfall runoff event 
than during dry weather periods. The data suggest 
that violations of the instream water quality 
standards for these constituents in the Oak Creek 
watershed are more likely to occur during wet 
weather conditions than during dry weather 
conditions. The average daily transport of bio- 
chemical oxygen demand, fecal coliform bacteria, 
phosphate, and total phosphorus to Lake Michigan 
was up to 142 times greater during a rainfall runoff 
event than during dry weather periods. 

Concluding Remarks- 
Surface Water Quality Studies 
Certain observations may be made and conclusions 
drawn from the available water quality data. Dry 
and wet weather water quality conditions in the 
watershed may be identified and an overall assess- 
ment made as to  the degree to which established 
water quality standards are satisfied. More particu- 
larly, the following observations and conclusions 
are based on the historic monitoring studies in the 
Oak Creek watershed, supplemented with analyses 
of data drawn from studies of other watersheds. 



Substandard water quality conditions, 
associated with high concentrations of 
pollutants, are more likely to occur during 
wet weather conditions than during dry 
weather conditions and are attributable 
to: 1) the accumulation of pollutants on 
the land surface between rainfall and snow- 
melt events, and the subsequent transport 
from the land surface of pollutants to the 
stream system by rainfall and snowmelt 
runoff; and 2) the resuspension of polluted 
streambed sediments 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 turbulence, 
and by other factors affecting the surface 
water system as shown by a consistent 
increase in dissolved oxygen concentrations 
during and immediately following precipi- 
tation activity. 

The substantial increase in available dilu- 
tion water during a rainfall or snowmelt 
runoff event is usually more than offset by 
the increased quantity of potential pollu- 
tants carried into the surface land flow, 
through storm sewer and channel systems, 
or from shallow subsurface groundwater 
inflow. The known exceptions are the 
concentrations of nitrogen and chloride, 
which did not exhibit a marked increase. 
during the rainfall events which were 
recorded in October 1976. 

Based upon data collected during Septem- 
ber and October 1976, the ratio of wet 
weather to dry weather transport is signifi- 
cantly greater than the ratio of wet weather 
to  dry weather concentration. That is, wet 
weather conditions generally have a much 
greater impact on the mass of pollutants 
transported from the watershed to Lake 
Michigan than on the concentration of 
pollutants being transported. 

The temperature standard, which specifies 
that surface water temperatures be less 
than or equal to 8g°F, appears to be met 
virtually all of the time in the Oak Creek 
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. 

The dissolved oxygen standard, which 
specifies a concentration greater than or 
equal to 5 mg/l, appears to be met about 
96 percent of the time during both dry and 
wet weather conditions in downstream 
reaches of the Oak Creek watershed. This 
suggests that the oxygen demand exerted 
by organic matter washed from the land 
surface during rainfall and snowmelt run- 
off events is initially offset by oxygen 
entrained in the stormwater runoff. How- 
ever, in the past there has been an adverse 
impact on dissolved oxygen levels in the 
downstream portions of Oak Creek as a 
result of the occasional discharge of sani- 
tary sewage from three sanitary sewer 
overflows in the watershed. The pollutant 
loadings from these overflows are to be 
abated by mid-1984 as a result of sewer 
rehabilitation projects in the Cities of Oak 
Creek and South Milwaukee. The oxygen 
concentrations in runoff are maintained or 
enhanced by the higher stream re-aeration 
coefficients which generally occur during 
high-flow periods. 

The fecal coliform standard, which speci- 
fies a fecal coliform count not exceed- 
ing 400 MFFCC/100 ml, appears to be 
exceeded in the watershed about 44 
percent of the time during dry weather 
conditions and virtually all of the time 
during wet weather conditions. 

The total phosphorus standard of 0.1 mg/l 
appears to be satisfied about 78 percent of 
the time during dry weather conditions but 
is violated approximately 80  percent of the 
time during wet weather conditions within 
the watershed. 

Measured ammonia nitrogen, stream tem- 
perature, and pH are used to determine 
the instream concentration of un-ionized 
ammonia. Sample data collected on Oak 
Creek in August from 1972 through 1975 
indicated no violations of the ammonia 
nitrogen standard. 



Ammonia nitrogen concentrations and 
concentrations of other nitrogen forms 
may be expected to increase or decrease 
during wet weather conditions, depending 
on the magnitude of the base flow nitrogen 
concentration, which could be significantly 
higher or lower than the nitrogen concen- 
tration of surface runoff. 

Chloride concentrations in the surface 
waters of the Oak Creek watershed are 
generally higher than those found in more 
rural watersheds of southeastern Wisconsin. 
Chloride in the surface waters is attribut- 
able to the use of chloride compounds for 
street deicing during the winter. Chlorides 
may also be contributed by leachate from 
solid waste landfills. The highest instream 
chloride concentrations probably occur 
during snowmelt conditions. The effect of 
street deicing salt is felt throughout the 
year in that dry weather condition chloride 
concentrations continuously decline from 
the end of the winter deicing period to the 
beginning of the subsequent winter deicing 
period. At all other times, instream chlo- 
ride concentrations decrease significantly 
during wet weather conditions as the result 
of the dilution effect of the runoff waters. 
Occasional unusually high specific conduc- 
tance and chloride levels, particularly when 
they occur long after the winter deicing 
period, may be indicative of accidental 
spills or intentional discharges of soluble 
substances. Landfill leachate contributions 
may be important during low streamflow 
conditions. 

The concentrations of metals in the Oak 
Creek watershed were found to be gener- 
ally within the limits of the recommended 
standards based on the limited data avail- 
able. However, one sample did indicate a 
possible excessive instream concentration 
of mercury, recording a level of 0.3 pg/l; 
the recommended standard is 0.05 pgll. 

The available sample data were not ade- 
quate to establish the presence of a PCB 
pollution problem because the recom- 
mended PCB standard of 0.001 mg/l 
is much lower than the current determi- 
nant capability of laboratory procedures- 
0.05 mg/l. 

The benthic community of the Oak Creek 
watershed is composed primarily of large 

populations of pollution-tolerant species, a 
condition generally indicative of polluted 
conditions. 

Of the eight potential types of surface 
water pollution-toxic, organic, nutrient, 
pathogenic, thermal, sediment, radiological, 
and aesthetic-all but thermal and radio- 
logical pollution are known to exist to 
some degree in the Oak Creek watershed. 

The surface waters of the Oak Creek 
watershed generally do not meet the 
established water use objectives. Although 
the levels of some critical parameters 
such as pH and temperature are met 
essentially all of the time, levels of other 
parameters such as dissolved oxygen, 
phosphorus, and fecal coliform are in 
excess of recommended standards at least 
some of the time. 

Violations of the water quality standards 
for the warmwater fishery water use 
objective have been documented in the 
surface waters of the Oak Creek watershed. 
These violations are related to dissolved 
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 
met in the Oak Creek watershed primarily 
because of the fecal coliform bacteria 
present in the surface waters, and also 
because of the 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 Oak Creek watershed must include an identi- 
fication, characterization and, where feasible, 
quantification of known pollution sources. This 
identification, characterization, and quantification 
is intended to aid in determining the probable 
causes 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: sanitary sewer 
system overflows, industrial wastewater dis- 
charges, and urban and rural stormwater runoff. 



The schematic representation of the average annual 
volume of water passing through various paths in 
the hydrologic cycle of the Oak Creek watershed is 
shown in Figure 33. The hydrologic budgets 
were prepared using the hydrologic simulation 
model described in Chapter VIII of this report, 
supplemented with municipal, private, and indus- 
trial point source discharge data collated from the 
Wisconsin Pollutant 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 
discharged from storm sewer outfall points will be 
transported as wet weather flow and surface runoff 
to the stream system. Nonpoint 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, including portable pumps, 
sewage treatment plant discharges, and industrial 
discharges. The point sources existing within the 
watershed as of 1984 are located on Map 36. 

Sanitary Sewerage System Flow Relief Points: 
Raw sanitary sewage can enter the surface water 
system of a 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 
surface water system of a watershed occurs 

Figure 33 

AVERAGE ANNUAL HYDROLOGIC BUDGET FOR 
THE OAK CREEK WATERSHED: 1983 CONDITIONS 

EVAPOTRANSPIRATION 19.4"(25.870 ACRE FEET) 6 rPREClPlTATlON 309",41,20OACRE FEET, 

Source: SEWRPC. 

through various types of flow relief devices as a 
result of one or more of the following conditions: 
inadequate sanitary sewage conveyance facilities, 
excessive infiltration and inflow of clear water 
during wet weather conditions, and mechanical 
and/or power failures at  sanitary sewage pumping 
facilities. In order to prevent damage to  residential 
dwellings or the mechanical elements of the 
conveyance system due as a result of the afore- 
mentioned system failures, a sanitary sewerage 
flow relief device is provided. 

Number and Location o f  Flow Relief Devices in 
the Watershed: As of earlv 1984. three sanitarv 
sewerage system relief devices--or overflows-were 
located in the watershed. The locations of these 
relief devices are shown on Map 36. The flow 
relief device located at the pumping station near 
the intersection of Wildwood Drive and Wake 
Forest Drive in the City of Oak Ceek was aban- 
doned in April 1984 as a result of a sewer system 
rehabilitation project in the City. This device was a 
bypass which permitted the trunk sewer entering 
the sewage pumping station to be discharged by 
gravity to Oak Creek during periods of power 
outage, equipment failure, or insufficient pumping 
capacity. The pumping station was abandoned 
with the construction of a larger and deeper 
trunk sewer. 

There were two known flow relief devices in the 
City of South Milwaukee, one of which was 
located at the N. Chicago Avenue pumping station 
near where N. Chicago Avenue crosses Oak Creek 
and one of which was located at the Ravine pump- 
ing station near the intersection of 3rd Avenue and 
Marquette Avenue. These two devices were also 
bypasses which permitted the trunk sewers enter- 
ing the sewage pumping stations to discharge by 
gravity to  Oak Creek during periods of power 
outage, equipment failure, or insufficient pumping 
capacity. As a result of the sewer system rehabili- 
tation project being conducted by the City of 
South Milwaukee, these two bypasses will, by 
mid-1984, be used only in extreme emergencies 
such as equipment failure, when the pumping 
station would be inoperable. The improvements to  
these two pumping stations include both standby 
pumping and power equipment. Thus, the bypasses 
are expected to be utilized very infrequently, if 
ever. Consequently, the water quality evalua- 
tions as well as the hydraulic and hydrologic 
analyses in this report do not include either the 
flows or the associated pollutant loadings which 
would occur if these bypasses were to continue 
to operate. 



Map 36 

KNOWN POINT SOURCES OF POLLUTION IN THE OAK CREEK WATERSHED: 1983 

LEGEND . INDUSTRIAL OISCH-ES 

T SANITARY SEWER OVERFLOWS 
(TO % AWNDONEOOR mATED IN MID1984) 

7 SITE NUMBER (SEE TABLES 61 AND 521 

A total of 12 known point sources of pollution existed in the Oak Creek watershed in 1983. These consisted of three sanitary sewer flow 
relief devices which discharge raw sewage to the stream system during wet weather, and pumping facilities and outfalls which discharge monly 
noncontact cooling waters from nine industrial sources. By mid-1984. the use of the two sanitary sewer flow relief devices located in the City 
of South Milwaukee will be limited to extreme emergencies such as equipment failure at the pumping station, while the other sanitary sewer 
flow relief device will be completely abandoned following sanitary sewer rehabilitation. 

Source: SEWRPC. 



Municipal Sewage Treatment Facilities: There are 
no municipal sewage treatment facilities discharg- 
ing, or proposed to discharge, to the surface waters 
of the Oak Creek watershed. 

Industrial Discharges: Industrial wastewater con- 
sisting primarily of cooling and process water is 
discharged directly or indirectly to the surface 
water system of the Oak Creek watershed at 16 
locations. This industrial wastewater enters Oak 
Creek and its major tributaries as direct discharge 
or reaches the surface waters via drainage ditches 
and storm sewers. These discharges are of concern 
primarily because they may contain toxic sub- 
stances and high concentrations of suspended 
solids as well as other pollutants. 

Number and Location of Industrial Discharges: 
Table 51 summarizes by receiving stream and civil 
division the number of industrial wastewater 
outfalls in the watershed and their respective 
discharge characteristics. Map 36 indicates the 
location of these wastewater outfalls in the water- 
shed. Table 51 indicates that nine industrial 
establishments with a total of 16 wastewater 
outfalls discharge noncontact spent cooling waters, 
boiler blowdown water, aircraft washwater, oil- 
contaminated stormwater, stormwater, and sludge 
tank decant water. Table 52 presents a summary 
of the quantity and quality of the outflow of 
these discharges. The 16 industrial wastewater 
outfalls discharge directly to the surface waters of 
the Oak Creek watershed. 

Quantity and Quality of Industrial Discharges: The 
data presented on the 16 industrial discharges in 
i able 51 are for 1983, and indicate that the 
average annual discharge rate contributed by 
industrial sources to the surface waters of the Oak 
Creek watershed is 1.02 million gallons per day, 
equivalent to 0.77 inch of water annually over the 
surface of the watershed. The average annual flow 
from the Oak Creek watershed, including point 
sources discharge, is equivalent to 12.5 inches of 
water over the surface of the watershed. Thus, 
the contribution of the 16 industrial plant dis- 
charges is equivalent to about 6 percent of the 
total average annual discharge of the watershed. 

The concentrations of pollutants in and the quan- 
tity of discharge from the 16 industrial point 
sources exhibit significant variations. As shown in 
Table 52, the industrial discharges from seven out- 
falls are comprised of clean, noncontact cooling 
waters and do not constitute a water pollution 

problem. The discharges from four outfalls convey 
oil-contaminated wastewaters but these waste- 
waters undergo pretreatment by means of an oil 
separator prior to discharge to Oak Creek. Conse- 
quently, these discharges should not constitute a 
serious source of pollution. The remaining five 
outfalls discharge a combination of boiler blow- 
down and cooling waters, aircraft washwater, 
sludge tank decant waters, and process waters from 
industrial operations but should not constitute a 
serious source of water pollution. Thus, the annual 
pollutant load contributed by the 16 outfalls in 
the watershed is small compared to the annual 
pollutant load contributed by other sources in the 
basin. Where pretreatment is being provided, 
such discharges could be a more serious source of 
water pollution if the pretreatment facilities were 
improperly maintained and operated and thereby 
malfunctioned. 

Non~oint Source Pollution - - - - - -  - - ~ -  

Definition and Characteristics: Nonpoint source 
pollution, also referred to as diffuse source pollu- 
tion, consists of various discharges of pollutants to 
the surface waters which cannot be readily identi- 
fied 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 a storm 
sewer outfall. Thus, for purposes of this report, 
nonpoint source pollution includes substances 
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- 



Table 51 

KNOWN INDUSTRIAL WASTEWATER OUTFALLS IN THE OAK CREEK WATERSHED BY RECEIVING STREAM AND CIVIL DIVISION: 1983 

NOTE: N/A indicates data not available. 

Name 

Applied Plastics 
Company, Inc. 

Appletcn Electric 
Foundry ~ivision' 
Outfall 001 
Outfall 002 

Bucyrus-Erie Company 
Outfall 001 
Outfall 002 
Outfall 005 

Industrial Fuel 

Ladish Company 

U. S. Air Force 
Reserve 440th 
 TAW^ General 
Mitchell Field 

Outfall 001 
Outfall 002 
Outfall 003 

Union Oil Ryan Road 
l rucks top^ 

Western Machine 
Company f 

South Milwaukee 
Water uti l i tye 

a Based on 1983 industrial effluent forms on file with the Wisconsin Department o f  Natural Resources as required under Section NR 101 o f  the Wisconsin Administra- 
tive Code. 

Monitoring requirements for these parameters were dropped i n  May 1983. 

Receiving Stream 

North Branch of 
Oak Creek via 
storm sewer 

Oak Creek via 
storm sewer 

Oak Creek via 
storm sewer 

North Branch of 
Oak Creek via 
Storm sewer 

Oak Creek via 
storm sewer 

Mitchell Field 
drainage ditch 

Oak Creek via 
storm sewer 

Oak Creek via 
storm sewer 

Oak Creek via 
storm sewer 

Values are based on quarterly monitoring. 

Values based on data obtained i n  April-June and October-December. 

Insufficient data available to determine average wastewater discharge characteristics. 

Civil Division 

City of Oak Creek 

City of 
South Milwaukee 

City of 
South Milwaukee 

City of Cudahy 

City of Milwaukee 

City of Oak Creek 

City of Oak Creek 

City of 
South Milwaukee 

No monitoring of discharge required. 

Source: SEWRPC. 

Number 
of 

Outfalls 

1 

2 

4 

2 

1 

3 

1 

1 

1 

Reported 
Average Annual 

Hydraulic 
Discharge Rate 
(gallons/day) 

4,500 

72,000 

92,000 

22,600 
8,600 

223,600 
1.000 

535,000 

-- 

Temperature 
(OF) 

63.0~ 

65.3 

59.5 

72.8 
66.1 
N/A 
N/A 

52.8 

Reported 

Suspended 
Solids 
(mg/l) 

10.5 

N/A 

N/A 

N/A 
7.55 
5.8 

18.5 

0.0 

pH 
(Standard 

Units) 

6.95b 

N/A 

N/A 

N/A 
7.4 
7.69 
N/A 

N/A 

-- 

characteristicsa 

Total 
Phosphorus 

(mg/l) 

N/A 

N/A 

N/A 

N/A 
N/A 
N/A 
N/A 

N/A 

Wastewater 
Oil ' 
and 

Grease 
(mg/l) 

5 . 0 ~  

0.25 

0.25 

N/A 
N/A 
N/A 
N/A 

N/A 

Discharge 

BOD 
(mg/lIj 

5.5 

N/A 

N/A 

N/A 
N/A 
N/A 
N/A 

N/A 



Table 52 

CHARACTERISTICS OF INDUSTRIAL DISCHARGES I N  THE OAK CREEK WATERSHED: 1983 

a Based on Wisconsin Pollutant Discharge Elimination System information on file with the Wisconsin Department of Natural Resources. 

Applied Plastics 
Company, Inc.. . . . . .  

Appleton Electric 
Foundry Division . . . .  

Bucyrus-Erie 
Company . . . . . . . .  

Industrial Fuel. . . . . . .  
Ladish companyc. . . . .  
U. S. Air Force Reserve 
440th TAW General 
Mitchell Field . . . . . .  

Union Oil Ryan Road 
Truckstop . . . . . . . .  

Western Machine 
. . . . . . . . .  Company 

South Milwaukee 
Water Ut i l i t y .  . . . . . . . .  

Process water from wet scrubber and shaker operation. 

The Ladish Company is permitted to discharge through 13 outfalls, only one of which is tributary to the Oak Creek watershed. 

Source: SEWRP C. 

Number of Outfalls by Type of ~ i s c h a r ~ e ~  

ing concern in water resources planning and 
engineering as efforts to abate point source pollu- 
tion 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. 

Cooling 
Water 

1 

2 

2 

1 

1 

Nonpoint source pollution generally differs from 
point source pollution in one important respect: 
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 pollu- 
tants 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 following 
activities of man, or effects of man's activities, 
result in nonpoint source pollution: I) 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 deicing 
salts and sand; 12) stream bank erosion; and 
13) domestic and wild animal litter. 

Boiler 
Blowdown 

1 

With respect to spatial distribution, the entire 
27.2-square-mile surface of the Oak Creek water- 
shed is a potential source of nonpoint source 
pollution. The following discussion addresses the 
types of nonpoint sources of water pollution in the 
Oak Creek watershed, based on the results of the 
examination of the available data sources and the 
application of several analytical techniques. 

Aircraft 
Washwater 

-- 

-- 

1 

.- 

Stormwater 

1 

-- 

Oil- 
Contaminated 

Stormwater 

1 

2 

1 

Sludge Tank 
Decant Water 

-- 

-- 

1 

otherb 

1 



Figure 34 
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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 
surface coatings such as paint particles, and deter- 
gent. 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 accumulation of litter and debris, 
make commercial land a significant contributor of 
nonpoint source pollutants. 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 substances, dissolved 
substances, nutrients, toxic and hazardous sub- 
stances, oil, grease, bacteria, and viruses to the 
streets and storm sewers which drain the com- 
mercial areas and discharge into the streams of the 
Oak Creek watershed. Another source of runoff is 
the washing of debris from work areas, sidewalks, 
and areas adjacent to storage areas in order to 
present a clean and orderly appearance to com- 
mercial customers. 

TYPES OF -"TINTS THOT MAY OCCUR IN OR N W  THE 
URBAN - E l  15 1 RESULT OF THE INDICATED l C T l V l T I  W MATTER 

T TOXlC N wTR,EN7 A I E I T * E T I C  

Industrial Land Use: Runoff from industrial spills, 
production and distribution sites, automobile 
salvage yards, loading docks and work areas, 
material storage sites, industrial buildings and 
adjacent streets, parking lots, rooftops, lawns, 
sidewalks, and open areas transports fuels, oil, 
grease, wood, metals, paper, plastic, salt, sand and 
gravel, organic substances, fly ash, petroleum 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. Many industrial 
operations do not have the indoor or covered 
storage capacity to house raw materials awaiting 
processing, and therefore store the materials 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 activities 
contribute significant amounts of pollutants to 
surface waters-in the Oak Creek 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, 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 
play a particularly important role in the transport 
of pollutants. 

_Deicing Salt Usage: Initially, salts were used in 
conjunction 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 the freezing point for 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 exces- 
sive salt application may lead to groundwater or 
surface water contamination, soil contamination, 
damage to plants, damage to wildlife, increased 
corrosion, and possible human toxicity in extreme 
circumstances. 

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 to storm- 
water runoff and snowmelt that are then carried 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 through the sedimenta- 
tion, filtration, and nutrient uptake effects of the 
vegetative cover. However, outdoor recreational 
sites may also include 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 pollutants contributed 
will depend upon such factors as the types of 
recreational facilities provided, the location and 
size of vegetated buffer areas and zones, the 
amount of fertilizers and pesticides used, the land 
management methods applied, the drainage effi- 
ciency 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 resolving other, more severe 
nonpoint source pollution problems. 

Construction Activities: The development and 
redevelopment of residential, commercial, indus- 
trial, transportation, and recreational areas within 
the Oak Creek 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 prod- 
ucts, such as oils, grease, gasoline, and asphalt; 
solid waste materials, such as paper, wood, metal, 
rubber, garbage, and plastic; construction chemi- 
cals such as paints, glues, solvents, sealants, acid, 
and concrete; and soil additives such as lime, fly 
ash, and salt. The transportation of pollutants from 
construction sites to natural waters is by direct 
runoff of stormwater and snowmelt, leaching and 
groundwater infiltration, wind, soil slippage or 
landslide, and mechanical transfer on vehicles. 

Onsite Sewage Disposal Systems: As of 1980, the 
sanitary and household wastewaters from approxi- 
mately 1,670 persons, or about 4 percent of the 
total resident population of the 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 Wisconsin: 1975, 
that approximately 50 percent of the septic 
systems in some areas of the Southeastern Wiscon- 
sin Region are connected to agricultural 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 ground- 
water 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 water, as well 
as groundwater, pollution. It is important to recog- 
nize, however, the distinction between a properly 
designed and constructed sanitary landfill 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 contamination of groundwaters or sur- 
face waters. The proper design of sanitary landfills 
requires careful engineering to confine the refuse 
to the smallest practicable area, to  reduce the 
refuse mass to the smallest practicable volume, to 
avoid surface water runoff, to avoid leachate 
production and percolation into the ground- 
water 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 intervals 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 landfill 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 
landfill can be effectively minimized if not entirely 
avoided. 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 Oak Creek water- 
shed, 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 1984 there were four active and seven inactive 
sanitary landfill operations located within the 
Oak Creek watershed, as shown on Map 37 and in 
Table 53. A review of Wisconsin Department of 
Natural Resources water quality monitoring and 
surveillance program records indicates that the 
Department monitors groundwater quality at the 
DeRosso landfill and at the Falk Corporation land- 
fill on a quarterly basis to determine whether 
pollutants from leachate are entering the ground- 
water. The pollutant indicators monitored include 
chemical oxygen demand, specific conductivity, 
and chlorides. Individual pollutants such as mer- 
cury or other metals are not tested for directly, 
unless the pollutant indicators show a potential for 
the presence of such pollutants in the groundwater. 
As of January 1984, 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 sites. 

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. As of 
1983, there were two livestock operations in the 
Oak Creek watershed comprising a total of about 
75 head of dairy cows. Animal manure, composed 
of feces, urine, and sometimes bedding materials, 
contributes suspended solids, nutrients, oxygen- 
demanding substances, bacteria, and viruses to 
surface waters. Most farm animals within the 
Oak Creek 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 pasture, for raising large 
numbers of livestock--generally 25 to 200 head- 
primarily by importing feed, as opposed to using 
pasture grazing. Operators 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, and 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 stream bank 
erosion. During the warmer seasons of the year the 
manure is often scattered on cropland and pasture- 
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In 1984, there were four active and reven inactive sanitary landfills located within the Oak Creek watershed. Groundwater quality is monitored 
by the Wisconsin Department of Natural Resources at the De Rasra landfill and at the Falk Corporation landfill. Ar of January 1984, no 
leachate movement into the groundwater was reported, around these rites, nor were violations of the federal drinking water quality standards in  
the groundwater. 

Source: SEWRPC. 



Table 53 

LANDFILL SITES IN THE OAK CREEK WATERSHED: 1984 

Source: Wisconsin Department of Natural Resources and SEWRPC. 
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Solid Waste 

TY pe 

Construction 
and demolition 

-- 

Foundry sand 

Noncombustible 
general refuse 

-- 

Foundry sand 

Foundry sand 

-- 

-- 

Construction 
and demolition 

-- 

Status 

Active 

l nactive 

Active 

Active 

Inactive 

Inactive 

Inactive 

l nactive 

l nactive 

Active 

-- 

Wisconsin 
DNR 

License Number 

0414 

-- 

1979 

1872 

-- 

-- 

-- 

-- 

0428 

0428 

-- 

Number 
on Map 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Location 

SW%, SW% 
Section 10 
T5N, R22E 

NW% 
Section 10 
T5N, R22E 

NE%, NW% 
Section 27 
T5N, R22E 

SW% 
Section 2 
T5N. R22E 

NW% 
Section 2 
T5N, R22E 

NE%, SW% 
Section 2 
T5N, R22E 

NW% 
Section 35 
T6N. R22E 

SW% 
Section 35 
T6N, R22E 

W%, SW% 
Section 34 
T6N, R22E 

NW% 
Section 3 
T5N, R22E 

SW% 
Section 32 
T6N, R22E 

Civil Division 

City of Oak Creek 

City of Oak Creek 

City of Oak Creek 

City of 
South Milwaukee 

City of 
South Milwaukee 

City of 
South Milwaukee 

City of Cudahy 

City of Cudahy 

City of Cudahy 

City of Milwaukee 

City of Milwaukee 

Operator 

City of 
Oak Creek 

-- 

Gordon 
DeRosso 

Falk 
Corporation 

Bucyrus-Erie 
Corporation 

Bucyrus-Erie 
Corporation 

Ladish 
Corporation 

-- 

City of 
Milwaukee 

City of 
Milwaukee 

-- 



land 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 excessive runoff and trans- 
port, especially during the spring snowmelt period. 

Crop Production: Cropland can have an adverse 
effect upon water quality within the Oak Creek 
watershed, contributing sediments, nutrients, or- 
ganic matter, and pesticides in runoff to streams. 
The extent of water pollution from cropping 
practices varies considerably as a result of the soils, 
slopes, and crops, as well as in the numerous 
methods of tillage, planting, fertilization, chemical 
treatment, and conservation practices. The topo- 
graphic, hydrographic, meteorologic, and hydro- 
logic conditions within the watershed are also 
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 Oak Creek 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 do hay and pasture- 
land, which support greater levels of vegetative 
cover. Since the early 1930's, it has been a national 
objective to preserve and protect agricultural soil 
from wind and water erosion. Federal programs 
have been developed to achieve this objective, with 
the primary emphasis being on sound land man- 
agement and cropping practices for soil conserva- 
tion. An incidental benefit of these programs has 
been a reduction in the amount of eroded organic 
and 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 
management, however, woodlands may have 
detrimental water quality effects through the 
release of sediments, 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 activities. Most of these activities are 
seldom practiced in the Oak Creek watershed. 

Atmospheric Sources: Streams are subjected 
directly to the deposition of pollutants from the 
atmosphere via dry fallout and precipitation 
washout. Man's activities and the physical envi- 
ronment 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 
precipitation fall directly on surface waters and are 
direct sources of nutrients, sediments, oxygen- 
demanding substances, 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 metals to  
form soluble nitrates which, when washed out of 
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 
cases where 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 
contaminants from the air to the water environ- 
ment may be indirect, resulting from the transport, 
transformation, and storage of contaminants on 
land. This may introduce a substantial time delay 
between the time when a contaminant reaches the 
land and the time when the contaminant shows up 
in the water. The storage of air contaminants 
deposited on land also provides opportunity for 
the transformation of the contaminants into other 
chemical forms prior to their reaching the water- 
ways. The indirect transfer of air pollutants to  
streets and through drainageways, storm sewers, 
and surface runoff is considered to be an element 
of the pollutant loadings from the sources dis- 
cussed above. 

Hazardous Spills: Industrial spills are an additional- 
source of pollution to surface waters. Common to 
nearly all industrial activities is the storage of 
petroleum and chemical substances. Heavy loadings 
of nutrients, oxygen-demanding substances, sus- 
pended and dissolved solids, toxic substances, and 
fecal coliform bacteria may be contributed to  



surface waters by leaking oil drums; overflowing 
hoppers and bins of scrap metal saturated with 
cutting oils; punctured industrial waste hoppers; 
and spilled greases, fuels, batteries, tannery' wastes, 
animal wastes, food wastes, chemical wastes, toxic 
wastes, metals, polychlorinated biphenyls (PCB's), 
and other unique organic materials. 

Table 54 indicates that six accidental spills 
occurred within the Oak Creek watershed in 1982, 
as reported to the Wisconsin Department of 
Natural Resources. These data are presented to  
suggest the type and source of hazardous spills 
that may occur. Additional unreported accidental 
spills and deliberate illegal discharges probably 
occurred within the watershed in 1982 without 
the knowledge of regulatory agencies. The result- 
ing pollution of the surface water resources by 
careless or improper handling of industrial sub- 
stances can be catastrophic depending on the 
nature of those substances and the quantity and 
location of the spill. 

It is important to note that since 1976, Milwaukee 
County has issued and enforced a spill prevention 
control and countermeasure plan for General 
Mitchell Field in compliance with the oil pollution 
prevention regulations promulgated as Volume 40, 
Code of Federal Regulations, Part 112 under the 
authority of the Federal Water Pollution Control 
Act Amendments of 1972. The operating, inspec- 
tion, maintenance, and countermeasure procedures 
established by the plan and implemented by the 
County and its airport tenants are designed to 
reduce the number of spills to a humanly achiev- 

able minimum and to prevent such spills as do 
occur from reaching the tributary to Oak Creek. 

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, stream bank 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 from 3 to 11 
percent of the annual sediment yield in a water- 
shed in southeastern Wisconsin may be contributed 
by stream bank erosion. In general, increased 
stream urbanization may be expected to result in 
increased stream flow rates and volumes, with 
potential increases in stream bank erosion and 
bottom scour, and flooding problems. These 
effects may be mitigated by utilization of proper 
stormwater management practices. 

Existing Stormwater 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, 

Table 54 

KNOWN HAZARDOUS SPILLS OCCURRING I N  THE OAK CREEK WATERSHED: 1982 

a This spill was contained before any material entered Oak Creek. 

Source: Wisconsin Department of Natural Resources. 

Date 

March 29, 1982 

June 26, 1982 
August 17, 1982 
September 15, 1982 

September 21, 1982 

November 24, 1982 

Source 
of Spill 

Unknown 

Unknown 
Unknown 
Unknown 

Abandoned 
gas stations 

Unknown 

Type 
of Spill 

Unidentified 
gray liquid 

Oil 
Gasoline 
Unidentified 
green liquid 

Oil 

Oil 

Quantity 

Unknown 

Unknown 
Unknown 
Unknown 

200-300 
gallons 

25 gallons 

Receiving 
Water 

Oak Creek 

Oak Creek 
Oak Creek 
Oak Creek 

-- a 

Oak Creek 



channels, and appurtenant inlet, outlet, storage, 
and pumping facilities-located in urbanized areas 
and constructed or improved and operated for 
purposes of collecting stormwater runoff from 

I tributary drainage areas and conveying such runoff 
to  natural watercourses for disposal. In the larger 
and more intensively developed urban communi- 
ties, these facilities consist either of complete, 
largely piped, stormwater 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 

I channels to as great a degree as pcssible. 

I In the Oak Creek watershed, the stormwater 
drainage systems provide the means by which a 
portion of the nonpoint source pollutants reach I the surface water system. Therefore, the extent 
and characteristics of the existing stormwater 

I drainage system are pertinent to  an understanding 

I of the nonpoint source pollution problem. Because 
of the direct relationship between urban storm- 
water drainage systems and surface water quality, 

I the Commission's areawide water quality manage- 
ment planning program included an inventory of 
the existing urban stormwater drainage systems 
within the Region. The results of that inventory, 1 as well as of more recent inventory data, for the 
Oak Creek watershed are presented in summary 

I form below.7 

Inventory Findings: The five known existing storm- 
water drainage systems which serve portions 
of the subareas of the Oak Creek watershed are 
shown on Map 38. These include the systems 
operated by the Cities of Cudahy, Franklin, 
Milwaukee, Oak Creek, and South Milwaukee. 
Together, these systems have a combined tributary 
drainage area within the watershed of about 10.42 
square miles, or about 38 percent of the total area 
of the watershed. Included within this stormwater 
drainage area are a total of 173 known stormwater 
outfalls. There are three known stormwater storage 
facilities in the watershed. The total annual average 
discharge from these outfalls is estimated to  be 
1,221 million gallons occurring in 70 events. The 
combined maximum discharge rate for these 

  or a detailed description o f  the procedure used 
to  inventory urban stormwater drainage systems 
under the areawide water quality management 
planning program, see Chapter IV o f  SEWRPC 
Technical Report No. 21, Sources o f  Water Pollu- 
tion in Southeastern Wisconsin: 1975. 

outfalls is estimated to  be 3,379 cubic feet per 
second (cfs) for a two-year recurrence interval 
rainfall event and 4,610 cfs for a five-year recur- 
rence interval rainfall event. Pertinent character- 
istics of each system are summarized in Table 55. 
The location and configuration of the major 
stormwater drainage conduits, as well as of the 
outlets and estimated tributary areas of the five 
stormwater drainage systems within the Oak Creek 
watershed, are shown on Map 38. 

Nonpoint Source Pollutant Loads: Nonpoint 
source pollutant loads in the Oak Creek water- 
shed were estimated by the unit load analysis 
method for estimating drainage channel loads and 
by using measured pollutant concentrations and a 
water quality simulation model for estimating the 
load of pollutants transported to the mouth of 
Oak   reek.^ 

Unit Load Analysis: A preliminary analysis of the 
relative magnitude of nonpoint source pollutant 
loadings from the various l k d  use-cover combina- 
tions comprising the Oak Creek watershed was 
conducted under the Regional Planning Commis- 
sion's areawide water quality management planning 
program. That analysis was based on unit loading 
rates for various pollutants and land use-cover 
combinations. Certain assumptions were required 
to  develop the loading rates. To the maximum 
extent possible, these assumptions were based 
upon data collected from within the Region. The 
unit loading rates used in the areawide water 
quality management plan have been revised, where 
necessary, to  reflect more recent study results and 
are set forth in Table 56. The analysis provides 
an estimate of gross pollutant loads from nonpoint 
sources in the Oak Creek watershed, as well as a 
means of identifying the most important sources 
of each pollutant, by quantifying the drainage 
channel pollutant load; i.e., the overbank-delivered 
pollutant loads to  the perennial and intermittent 
streams of the Oak Creek watershed. The results 
of this analysis are summarized in Table 57. 
Estimated pollutant loads from point sources, 
although insignificant in the Oak Creek watershed, 
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 organisms, and sediment. 

8 ~ e e  Chapter V of SEWRPC Technical Report 
No. 21, Sources of Water Pollution in South- 
eastern Wisconsin: 1 9 75. 



Map 38 

KNOWN URBAN STORM SEWER SYSTEMS IN THE OAK CREEK WATERSHED 
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About 10.42 square miles, or about 38 percent of the total ares of the Oak Creek watershed, are served by five storm sewer systems operated 
by the Cities of Cudahy, Franklin, Milwaukse, Oak Creek, and South Milwaukee. The remainder of the watershed i s  not served by a piped 
normwater drainage system, but drainage ir instead carried overland by roadside ditches and natural $wales to the major stream system of 
the watershed. 

Source: SEWRPC. 



Table 55 

AREA SERVED BY AND SELECTED CHARACTERISTICS OF EXISTING 
STORMWATER DRAINAGE SYSTEMS I N  THE OAK CREEK WATERSHED 

Source: SEWRPC. 

Location of Public 
Stormwater 

Conveyance System 

City of Cudahy . . . . 
City of Franklin. . . . 
City of Milwaukee . . 
City of Oak Creek. . . 
City of 

South Milwaukee . . 

Total 

The drainage channel pollutant loads can be 
expected to be different from the actual transport 
from the watershed, because material processes 
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 
surface or floodplains, stream channel deposition 
or aggradation, biological uptake, and chemical 
transformation and precipitation. The drainage 
channel pollutant loading rates and,' therefore, the 
total drainage channel pollutant loads set forth in 
Table 57 are representative of the annual quantities 
of potential pollutants moved from small areas of 
the Oak Creek 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 57, urban sources 
of pollution are estimated to contribute 44 percent 
of the nitrogen, 63 percent of the phosphorus, 
79 percent of the biochemical oxygen demand, 
71 percent of the fecal coliform organisms, and 
56 percent of the sediment which pollute the 
Oak Creek system. The contribution from urban 
point sources is relatively insignificant-less than 
0.1 percent of total pollutants. Nonpoint sources 
account for essentially all of the urban pollutant 
loadings. 

Of the pollutant loads from all sources within the 
watershed, rural pollution sources contribute an 
estimated 56 percent of the nitrogen, 37 percent of 
the phosphorus, 21 percent of the biochemical 
oxygen demand, 29 percent of the fecal coliform 
organisms, and 44 percent of the sediment. 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 3 percent of the nitrogen, 5 percent of the 
phosphorus, 8 percent of the biochemical oxygen 
demand, 45 percent of the fecal coliform organ- 
isms, and 0.4 percent of the sediment attributed to 
rural sources. The remainder of the estimated rural 
pollution load, or 97 percent of the nitrogen, 95 
percent of the phosphorus, 92 percent of the 
biochemical oxygen demand, 55 percent of the 
fecal coliform organisms, and virtually all of the 
sediment, is contributed by other rural nonpoint 
sources-namely, stormwater runoff from rural 
land uses and atmospheric loadings to surface 
waters. 

Transport Load Analyses: To determine the 
amount of pollutants actually being transported 

Summation of Drainage Districts 

Estimated 
Tributary 

Area 

downstream in the watershed, two pollutant 
transport analyses were conducted. The first 
analysis measured suspended solids, biochemical 

Number of 
Stormwater Outfalls 

in System 
Discharging to 
Surface Waters 

1 
3 

24 
94 

51 

173 

Total Estimated 

Annual 

Discharge Volume 
(million gallons) 

88 
3 

83 
703 

344 

1,221 

Acres 

489 
34 

403 
3,845 

1,898 

6.669 

Size Range 
of Outfalls 

in System 
(diameter 
in inches) 

72 
30 to 36 
15 to 60 
12 to 66 

12 to 102 

12 to 102 

Square 
Miles 

0.76 
0.05 
0.63 
6.01 

2.97 

10.42 

Estimated Maximum 
Stormwater Discharge Rates 

2-Year 
Recurrence 

Interval Event 

(cubic feet 
per second) 

280 
16 

262 
1,721 

1.100 

3,379 

5-Year 
Recurrence 

Interval Event 
(cubic feet 

per second 

390 
22 

349 
2,330 

1,519 

4.61 0 



Table 56 

SUMMARY OF REPORTED POLLUTANT CHANNEL LOADING RATES FROM 
NONPOINT SOURCES USED IN THE UNIT LOADING ANALYSIS 

a 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. 2 1, Sources of Water Pollution in Southeastern Wisconsin: 1975, except that the sediment loads 
from construction, extractive, and transportation activities, and the phosphorus load from row crops, were derived from the Model Enhanced 
Unit Loading (MEUL) method, as set forth in SEWRPC Planning Report No. 35, A Comprehensive Plan for the Pike River Watershed. 

Category 
of Nonpoint 

Pollution Sources 

Urban 
Residential Land Use . . . . . . . . . .  
Commercial Land Use. . . . . . . . . .  
Industrial Land Use. . . . . . . . . . .  
Construction and Extractive 

Activities and Landfills . . . . . . . .  
Transportation 

Freeways and Highways. . . . . . . .  
Airports. . . . . . . . . . . . . . . . .  

Recreation 
Parks. . . . . . . . . . . . . . . . . . .  
Golf Courses . . . . . . . . . . . . . .  

Onsite Sewage Disposal Systems 
(pounds or counts/capita/year). . . .  

Rural 
Livestock Operations (pounds 
or countslanimal unitlyear). . . . . .  

. . . . . . . . . . . . . . . . .  Orchards 
Pastures. . . . . . . . . . . . . . . . . .  

Woodlands . . . . . . . . . . . . . . . .  
. . . .  Air Pollution t o  Surface Waters 

Row Crops . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  Small Grain. 

Hay . . . . . . . . . . . . . . . . . . . .  
Vegetables . . . . . . . . . . . . . . . .  
Sod . . . . . . . . . . . . . . . . . . . .  

Source: SEWRPC. 

oxygen demand (BOD5), total nitrogen, and total 
phosphorus concentrations in Oak Creek and the 
application of a technique developed in the Inter- 
national Joint Commission's The IJC Menomonee 
River Watershed Study. The technique involves 
applying a stratified random sampling method to 
distinquish between wet weather and dry weather 
estimates of pollutant transport in order to esti- 

Rate of Pollutant Loadingsa (given in pounds/acre/year except for  fecal coliform 
organisms, given in counts/acrelyear; and onsite sewage disposal systems, given 

mate annual loads from the watershed. This 
transport analysis thus provides a measure of the 1 
observed stream transport 10ads.~ I 

g~nternational Joint Commission, The IJC Menom- 
onee River Watershed Study, Volume 5,  Simula- 
tion of Pollutant Loadings and Runoff Quality, 
EPA-905/4- 7-79-029-E, December 1979. I 

given i n  loadlanimal unitlyear) 

Fecal 
Coliforrn 
Organisms 

1 . 6 ~  10l0 
3.3 x 10l0 
6.2 x 10l0 

Negligible 

6.7 x 10l0 
Negligible 

3.6 x 10 9 
Negligible 

1 . 0 ~ 1 0 ~ ~  

6 . 4 ~  
6.6 x lo8 
Included in  

Livestock Load 
6.6 x lo8 
Negligible 

Included 
Livestock Load 

livestock operations, 

Biochemical 
Oxygen 
Demand 

24.3 
97.6 
36.9 

120.0 

159.0 
17.6 

1.3 
1.3 

81.6 

111.2 
4.6 
9.7 

4.6 
1 62.0 
20.7 
9.6 

9.6 
30.0 
2.1 

i n  

Total 
Nitrogen 

4 .O 
9.0 
8.4 

60.0 

23.4 
12.0 

2.3 
4.4 

5.7 

28.4 
2.3 
4.6 

2.3 
8.9 

23.1 
4.7 

0.9 
23.1 
0.9 

Sediment 

545 
745 
977 

33,125 

7,800 
3,200 

420 
420 

28 

700 
25 1 
420 

25 1 
665 

6,900 
3,200 

3,200 
10,000 

700 

loadlcapitalyear and 

Total 
Phosphorus 

0.32 
0.75 
0.70 

45.0 

1.4 
2.7 

0.06 
0.20 

1.32 

6.6 
0.14 
0.29 

0.14 
0.5 
2.7 
0.13 

0.09 
2.7 
0.09 



Table 57 

UNIT LOAD ANALYSIS FOR THE OAK CREEK WATERSHED: 1980 

 he annual discharge from sanitary sewer flow relief devices is less than I million gallons. 

Source 

Urban Point Sources 
Mun~cipal Sewage Treatment Plants. . 
Private Sewage Treatment Plants . . .  
Combined Sewer Overflow. . . . . . .  
Industrial Discharges . . . . . . . . . .  
Sanitary Sewer Flow 

Relief ~ e v i c e s ~ .  . . . . . . . . . . . .  

Urban Point Source Totals 

Urban Nonpoint Sources 
Residential . . . . . . . . . . . . . . . .  
commercialb . . . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . . .  
Transportation . . . . . . . . . . . . . .  
~ons t ruc t i on~  . . . . . . . . . . . . . .  
Recreation . . . . . . . . . . . . . . . .  
Septic Tank Systems . . . . . . . . . .  

Urban Nonpoint Source Totals 

Urban Source Totals 

Rural Nonpoint Sources 
Agricultural . . . . . . . . . . . . . . .  
Open Land. . . . . . . . . . . . . . . .  
Woodland . . . . . . . . . . . . . . . . .  
Atmospheric Loadings 
to Surface Waters . . . . . . . . . . .  

Livestock Operations . . . . . . . . . .  

Rural Nonpoint Source Totals 

Nonpoint Source Totals 

Total Sources 

blncludes loadings from util ity and communication facility land use. 

Clncludes loadings from urban land under construction, extractive activities, and landfills. 

Loads Presented in Pounds per Year. Except for Sediment Presented in Tons 

dlncluded i n  livestock operations'load of fecal coliform organisms. 

Source: SEWRPC. 

Total 

The second pollutant transport analysis involved Table 58 presents the sources of data used for 
the application of the Wisconsin Urban Runoff the measured transport analysis based on strearn- 
Model, developed under the Nationwide Urban flow and pollutant concentration measurements in 
Runoff Program study in Milwaukee County, 
to simulate pollutant loadings. lo  The model was lo  Southeastern Wisconsin Regional Planning Com- 
used to estimate storm event loadings of sus- mission and Wisconsin Department o f  Natural 
pended solids, volatile suspended solids, nitrogen, Resources, Evaluation of Urban Nonpoint Source 
phosphorus, and lead to surface waters in the Pollution Management in Milwaukee County, 
watershed. Groundwater inputs, winter pollu- Wisconsin, Volume 11, Feasibility and Application 
tant loadings, and instream processes were not o f  Urban Nonpoint Source Water Pollution Abate- 
simulated. men t Measures, 1 983. 

Load 

0 
0 
0 
0 

0 

0 

16,200 
7.800 
4.500 
33,700 
21.200 
1,200 
9,500 

94,100 

94.100 

105.200 
10,600 
1.900 

200 
3,100 

121,000 

215,100 

215,100 

Nitrogen 

Percent 

0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

7.5 
3.6 
2.1 
15.6 
9.9 
0.6 
4.4 

43.7 

43.7 

48.9 
5.0 
0.9 

0.1 
1.4 

56.3 

100.0 

,100.0 

per Year, and Fecal Coliform 

Total 

Load 

0 
0 
0 

<lo0 

0 

<lo0 

1.300 
600 
400 

3.200 
15.900 
<lo0 
2.200 

23,600 

23,600 

12.300 
700 
100 

<I00 
700 

13.800 

37,400 

37,400 

Phosphorus 

Percent 

0.0 
0.0 
0.0 
0 .O 

0.0 

0 .O 

3.5 
1.6 
1.1 
8.5 
42.5 
0 .O 
5.9 

63.1 

63.1 

32.8 
1.9 
0.3 

0.0 
1.9 

36.9 

100.0 

100.0 

Organisms Presented in 

Biochemical 
Oxygen 
Demand 

Load 

0 
0 
0 

100 

0 

100 

98.600 
84,500 
19,700 
191,900 
42,300 

700 
136.200 

573.900 

574,000 

108.300 
22.300 
3.800 

4,400 
12,200 

151,000 

724,900 

725,000 

Percent 

0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

13.6 
11.7 
2.7 
26.5 
5.8 
0.1 
18.8 

79.2 

79.2 

14.9 
3.1 
0.5 

0.6 
1.7 

20.8 

100.0 

100.0 

Counts x 10'' per year 

Fecal 
Coliform 

Load 

0 
0 
0 
0 

0 

0 

6,500 
2,900 
3,300 
7,700 

0 
200 

17,000 

37,600 

37,600 

d 

8.300 
100 

0 
7.000 

15.400 

53.000 

53,000 

Load 

0 
0 
0 

<lo 

0 

<10 

1,100 
320 
260 

5,380 
5.840 
110 
20 

13,030 

13,030 

9,740 
480 
100 

10 
40 

10.370 

23,400 

23.400 

Organisms 

Percent 

0 .O 
0.0 
0.0 
0.0 

0.0 

0.0 

12.3 
5.4 
6.2 
14.5 
0.0 
0.4 
32.1 

70.9 

70.9 

15.7 
0.2 

0 .O 
13.2 

29.1 

100.0 

100.0 

Sediment 

Percent 

0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

4.7 
1.4 
1.1 
23.0 
24.9 
0.5 
0.1 

55.7 

55.7 

41.6 
2.0 
0.5 

0.0 
0.2 

44.3 

100.0 

100.0 



Table 58 

SOURCES OF DATA USED I N  THE OAK CREEK MEASURED TRANSPORT ANALYSIS 

Source: SEWRPC. 

Oak Creek near the 15th Avenue bridge. Stream- 
flow data were available from the U. S. Geological 
Survey for the years 1963 through 1975 as part of 
its routine sampling program. Total phosphorus, 
total nitrogen, and BOD5 measurements were 
available from SEWRPC Technical Report No. 17, 

U. S. Geological 
Survey Streamflow 

Monitoring Program 
1963-1 975 

X 
-- 
-- 
-- 
-- 

Water Quality of Lakes and Streams in South- 
eastern Wisconsin: 1964-1975, and from the 

Wisconsin 
Department of 

Natural Resources 
Monthly Sampling 

Program 

-- 
-- 
-- 
-- 

X 

Commission's index site water quality sampling 

SEWRPC 
I ndex Site 
Sampling 
Program 

1976 

-- 
X 
X 
X 
-- 

Parameter 

Streamf low 
Nitrogen 
Phosphorus 
BOD5 
Suspended 

Solids 

program conducted in 1976. Suspended solids con- 
centration data were available from the Wisconsin 
Department of Natural Resources monthly sam- 
pling program. In Oak Creek, near the 15th Avenue 
bridge, it is estimated from these instream measure- 
ments that 149,000 pounds of total nitrogen, 
9,000 pounds of total phosphorus, 237,000 
pounds of BOD5, and 2.9 million pounds of 
suspended solids are transported annually. 

SEWRPC 
Technical 

Report 
No. 17 

1968-1 975 

-- 

X 
X 
-- 
-- 

As already noted, the use of the Wisconsin Urban 
Runoff Model provides an alternative means of 
estimating pollutant transport loads. The model 
was developed, calibrated, and verified with the use 
of extensive monitoring data collected under the 
Nationwide Urban Runoff Program study in 
Milwaukee County. The model simulates storm 
runoff pollutant loadings as a function of the 
imperviousness of the land surface, the land surface 
slope, street and traffic conditions and pollutant 
loading rates, soil data, weather data, and wet and 
dry atmospheric loadings. For the Oak Creek 
watershed, application of the Wisconsin Urban 
Runoff Model resulted in simulated annual pollu- 
tant transport loads of about 4.2 million pounds of 

suspended solids, 85,000 pounds of total nitrogen, 
11,300 pounds of total phosphorus, and 1,400 
pounds of lead. 

Sediment Rating Curve-Flow Duration Curve 1 

Method: The sediment rating curve-flow duration 
curve method is a technique for measuring sedi- 
ment transport loads, or yield. Three steps are 
involved in 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 applica- 
tion 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 
suspended sediment from the watershed, expressed 
in tons per day per square mile. The resulting 
relationship is similar to a discharge rating curve- 
stage as a function of discharge-in that it depicts 
the sediment transport capacity of a stream as a 
function of discharge. 

A total of 15  pairs of suspended sediment trans- 
port-daily discharge values were used to construct 
the sediment ratings curve for the Oak Creek. The 
suspended sediment and streamflow data were 
available from the U. S. Geological Survey for Oak 



Creek at 15th Avenue. The sediment rating curve 
for Oak Creek is presented in graphic form in 
Figure 35, as is an equation representing the 
transport-discharge relationship 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 indicates 
that sediment transport, although primarily a 
function of discharge, is also dependent on other 
factors not explicitly accounted for in the relation- 
ship. 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; the basin size 
and slope; the stormwater drainage system charac- 
teristics; and the extent and nature of construction 
activities. 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. 
This relationship should thus provide a reasonably 
accurate estimate of average annual suspended 
sediment yield. 

Figure 35 

RELATIONSHIP BETWEEN SEDIMENT TRANSPORT 
AND DISCHARGE FOR THE OAK CREEK WATERSHED 

Source: U. S. Geological Survey and SEWRPC. 
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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. 
Measured strearnflow data from the period of 
October 1963 through September 1983 were used 
to generate existing condition average daily dis- 
charges for Oak Creek at 15th Avenue. These dis- 
charges were statistically analyzed to develop the 
flow duration curve shown in Figure 36. 

- 
W 

a 
QI 
9 0.1 
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0.05 

0.01 

Combination of Sediment Rating and Flow Duration 
Relationships: As already noted, the average annual 
yield of suspended sediment at a point on a water- 
shed stream system may be estimated by combin- 
ing the relationship between sediment transport 
and discharge, as embodied in the suspended 
sediment 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 59. 

0.001 0.005 0.01 0.05 0.1 0.5 1.0 5.0 10.0 5 0 0  100.0 
SEDIMENT TRANSPORT IN TONS PER D/\Y PER SOUARE MILE 

Daily discharge rates were divided into 21  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 
calculated by summing the products of days per 

Figure 36 

FLOW DURATION CURVE FOR OAK CREEK AT 
15TH AVENUE (RM 2.84) BASED ON MEASURED 
DATA FROM OCTOBER 1963-SEPTEMBER 1983 

0.01  0.1 I 10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  9 9  99.9 99.9s 
PERCENT OF TIME IN WlCH lNolC4TED FLOWS WERE REKHED OR EXCEEDED 

Source: SEWRPC. 



Table 59 

ESTIMATED AVERAGE ANNUAL SUSPENDED SEDIMENT YIELD 
FOR THE OAK CREEK WATERSHED AT 15TH AVENUE 

a From flow duration relationship set forth in Figure 36, 

From sediment rating relationship as a function of discharge, as set forth in Figure 35. 

Source: U. S. Geological Survey and SEWRPC. 

Average Daily 
Discharge Range 

(cubic feet 
per second) 

0- 1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 

10-20 
20-30 
30-40 
40-50 
50-75 
75- 100 

100-200 
200-300 
300-400 
400-500 

more than 500 
- 

Annual Total 

year that each flow class occurred and the corre- 
sponding sediment transport rate as determined 
from Figure 35. 

As shown in Table 59, the suspended sediment 
load per square mile of the Oak Creek watershed is 
estimated at 468.7 tons per year. Increasing this 
value 10  percent to account for the bedload, the 
total average sediment yield per unit area of the 
watershed is estimated at 515.6 tons per square 

mile per year. Applying this unit sediment yield to  
the 25.0-square-mile portion of the watershed 
upstream of 15th Avenue, which consititutes 92 
percent of the total watershed area, produces a 
total average annual sediment yield from that 
portion of the watershed of about 12,890 tons. 
Applying the unit sediment load of 515.6 tons per 
square mile per year to the entire Oak Creek 
watershed produces a total average annual sedi- 
ment yield of about 14,024 tons. 

Days Within 
Flow Range Sediment 

Tons per 
Square Mile 

per Day b 

0.0001 
0.0010 
0.0026 
0.0052 
0.0085 
0.01 28 
0.01 77 
0.0234 
0.0301 
0.0375 
0.0930 
0.2565 
0.4995 
0.8228 
1.5786 
3.0766 
8.9656 

24.7034 
48.1678 
79.3048 
97.7424 
-- 

-- 

Percent 
of yeara 

0.81 
6.08 

12.73 
10.43 
8.76 
5.97 
5.30 
4.57 
3.61 
2.85 

18.60 
6.35 
2.93 
2.10 
2.92 
1.29 
2.77 
0.93 
0.45 
0.27 
0.28 

-- - - - 

100.0 

Transport 

Tons per 
Square Mile 

per Year 

4 0.01 
0.02 
0.12 
0.20 
0.27 
0.28 
0.34 
0.39 
0.40 
0.39 
6.32 
5.95 
5.34 
6.34 

16.89 
14.46 
90.55 
83.99 
77.07 
7 1.37 
87.97 

468.67 

Number 
of Days 
per Year 

3.0 
22.2 
46.5 
38.1 
32.0 
21.8 
19.3 
16.7 
13.2 
10.4 
67.9 
23.2 
10.7 
7.7 

10.7 
4.7 

10.1 
3.4 
1.6 
0.9 
0.9 

365.0 



The sediment yield data set forth in Table 59 also 
illustrate the importance of stormwater runoff 
flows in generating sediment yields. Over 88 per- 
cent of the annual sediment yield is generated 
during streamflows exceeding 100 cubic feet per 
second, which occur only about 4.7 percent of 
the time. 

Table 60 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 Oak Creek watersheds. The 
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, exclud- 
ing bedload, is about 50 tons per square mile 
per year. 

Comparison o f  Transport Loads: A comparison of 
estimated transport loads is set forth in Table 61. 
The simulated transport loads for suspended solids, 
nitrogen, and phosphorus estimated using the 
Wisconsin Urban Runoff Model are similar to the 
measured transport loads. The suspended sediment 
load estimated using the sediment rating curve 
method is over five times higher than the simulated 
and measured suspended solids loads. In streams 
with high sand and silt loadings, high flow veloci- 
ties, and stream bank erosion, suspended sediment 
measurements are usually substantially higher than 
suspended solids measurements. The suspended 
sediment concentration consists of the entire 
amount of solids filtered from a water sample, 
whereas the suspended solids concentration gener- 
ally excludes many larger sized particles which 
settle rapidly in the sample container. Oak Creek 
may thus transport relatively large amounts of 
larger sized particles which are included in the 
suspended sediment measurements, but not in the 
suspended solids measurements. 

Comparison o f  Simulated Transport Loads to  
Drainage Channel Loads: The simulated transport 
and drainage channel loading estimates were 
utilized in order to provide a comparability check 
on the estimates of the major pollutant sources 

S. M. Hindall, Measurement and Prediction o f  
p u. s. 
Geological Survey Water Resources Investigation, 
1 9 76, pp. 54- 75. 

in the watershed. The unit loading analysis set 
forth above provides drainage channel pollutant 
loads; i.e., the overbank-delivered pollutant loads 
to the perennial and intermittent streams and 
drainage systems of the Oak Creek watershed. The 
application of the Wisconsin Urban Runoff Model 
to the watershed provides watershed transport 
loads; i.e., the loads transported to the downstream 
end of the watershed. Estimates of both drainage 
channel and transport loads are useful to an 
understanding of the pollution sources and condi- 

Table 60 

COMPARISON OF ESTIMATED SEDIMENT 
YIELDS IN  SELECTED WATERSHEDS 

OF SOUTHEASTERN WISCONSIN 

Source: SEWRPC. 

+ 

Watershed 

Oak Creek . . . . . . . 
Kinnickinnic River . . 
Pike River . . . . . . . 
Menomonee River. . . 
Root River. . . . . . . 
Milwaukee River . . . 
Fox River . . . . . . . 

Table 61 

COMPARISON OF ESTIMATED TRANSPORT LOADS 
FOR THE OAK CREEK WATERSHED 

Drainage Area 
of Sediment 
Sample Site 
(square miles) 

25 
20 
39 

123 
187 
686 
868 

Sediment Yield 
(tons per 

square mile 
per year) 

515.6 
450.0 
237.0 
97.5 
96.3 
61.1 
20.2 

a~st imated loadings represent pollutant transport in Oak Creek at the 15th 
A venue bridge. Includes pollutant loadings from point sources, nonpoint sources, 
and stream bank erosion. 

Pollutant 

Suspended Sediment . . . 
Suspended Solids . . . . . 
Volatile Suspended 

Solids . . . . . . . . . . . 
BOD5. . . . . . . . . . . . 
Total Nitrogen. . . . . . . 
Total Phosphorus. . . . . 
Total Lead. . . . . . . . . 

' ~oad ings  were estimated using the Wisconsin Urban Runoff Model. Includes 
nonpoint source loadings only: point source loadings and stream bank erosion 
are not simulated by the model. 

Source: SEWRPC. 

Transport Load 
(thousands of pounds per year) 

SEWRPC- 
Measured 
Transport 
~nalysi? 

2,930 

237 
149 

9 

Simulated 
Transport 
~ n a l y s i s ~  

4.160 

685 

85 
11 

1.4 

Sediment 
Rating 
Curve 

Method 

25.500 



tions in a watershed, and a comparison of these 
two loading estimates provides an insight into the 
factors affecting nonpoint source pollutant load 
contributions 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 
throughout an entire watershed. Transport loading 
estimates are important when considering infor- 
mation on total pollutant loading to a down- 
stream point, such as the mouth of Oak Creek at 
Lake Michigan. 

Since the Wisconsin Urban Runoff Model develops 
watershed transport load estimates for nonpoint 
source pollutants on the basis of the land uses 
in a watershed, the urban and rural nonpoint 
source proportions of the total estimated loads 
were compared with the unit load analysis results. 
Table 62 summarizes the results of the application 
of the model to  the Oak Creek watershed and 
compares resultant transport loads to  the water- 
shed drainage channel pollutant loads generated by 
the application of the unit loading rates. Point 
source load estimates are combined with the 

Table 62 

SUMMARY COMPARISON OF ESTIMATED DRAINAGE CHANNEL LOADINGS AND SIMULATED 
TRANSPORT LOADINGS OF POLLUTANTS IN  THE OAK CREEK WATERSHED: 1980 

a ~ h e s e  drainage channel pollutant loads represent pollutant contributions f rom very small drainage areas. Only a portion of these loads would 
be delivered to the major stream channel and to  the mouth o f  Oak Creek. 

b ~ h e  simulated loadings were estimated using the Wisconsin Urban Runoff Model. Since the model does not  include a component for point 
source loads, these loads, although insignificant in  the Oak Creek watershed, were added to  obtain a total loading comparison. The model- 
simulated loads represent the portion of the total watershed load transported to  the mouth of Oak Creek. 

Source 

Urban Point 

Urban Nonpoint 

Urban Source 
Totals 

Rural Nonpoint 

Total Nonpoint 
Sources 

Total Sources 

' ~ e s s  than one-tenth o f  1 percent. 

Parameter 

Phosphorus (pounds per year) 
Nitrogen (pounds per year) 
Sediment (tons per year) 

Phosphorus (pounds per year) 
Nitrogen (pounds per year) 
Sediment (tons per year) 

Phosphorus (pounds per year) 
Nitrogen (pounds per year) 
Sediment (tons per year) 

Phosphorus (pounds per year) 
Nitrogen (pounds per year) 
Sediment (tons per year) 

Phosphorus (pounds per year) 
Nitrogen (pounds per year) 
Sediment (tons per year) 

Phosphorus (pounds per year) 
N~trogen (pounds per year) 
Sediment (tons per year) 

d ~ h e  Wisconsin Urban Runoff Model estimates suspended solids loadings, which represent only a portion of the total sediment loading to  
a waterway. 

Unit Load 
Analysis Drainage 
Channel ~ o a d s ~  

Source: SEWRPC. 

Estimated 
Load 

100 
0 
10 

23,600 
94,100 
1 3,030 

23,700 
94.1 00 
1 3,040 

1 3,800 
1 21,000 
10,370 

37,400 
215,100 
23,400 

37,500 
21 5,100 
23,410 

Simulated 
Transport 

~ o a d s ~  

Percent 
of Total 

C 

C 

C 

63 
44 
56 

63 
44 
56 

37 
56 
44 

100 
100 
100 

100 
100 
100 

Estimated 
Load 

100 
0 
10 

3,600 
33,500 
1,370~ 

3,600 
33,500 
1,370~ 

7,700 
51,300 
2,790~ 

11,300 
84,800 
4,160~ 

1 1,300 
84,800 
4,160~ 

Percent 
of Total 

C 

C 

c 

32 
40 
33 

32 
40 
33 

68 
60 
67 

100 
1 00 
100 

100 
100 
100 



model-simulated nonpoint source load estimates to 
estimate total pollutant transport from the water- 
shed. Point source loadings, however, were found 
to be relatively insignificant in the Oak Creek 
watershed. 

Review of the results of these two different ana- 
lytical methods indicates that the results are 
reasonably consistent. Comparisons were made for 
total urban nonpoint source and total rural non- 
point source watershed loads. The comparison 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 different time periods, 
thus reflecting changes in the state-of-the-art of 
pollutant load estimating. 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 model results indicate 
total phosphorus, totai nitrogen, and sediment 
transport load quantities from nonpoint sources 
which are lower than the drainage channel pollu- 
tant load quantities. The transport loads from 
nonpoint sources, as estimated by the model, 
represent 30 percent, 39 percent, and 18 percent 
of the drainage channel pollutant loads of phos- 
phorus, nitrogen, and sediment, respectively. The 
transport loads are expected to be lower than the 
drainage channel pollutant loads because only a 
portion of the total amount of pollutants con- 
tained in stormwater runoff-i.e., drainage channel 
pollutant loads-is transported to the mouth of the 
river--i.e., transport loads. 

Urban nonpoint sources contribute a somewhat 
higher portion of the total drainage channel loads 
of phosphorus and sediment than do rural non- 
point sources. Urban nonpoint sources contribute 
63 percent and 56 percent of the total drainage 
channel loads of phosphorus and sediment, respec- 
tively, but only 32 percent and 33 percent of the 
simulated transport loads of phosphorus and 
sediment. Urban nonpoint sources contribute a 
higher portion of the total drainage channel loads 
because channel loadings from construction site, 
extractive activities, and landfill erosion are rela- 
tively high, accounting for 67 percent of the total 
phosphorus load and 45 percent of the sediment 
load contributed by urban nonpoint sources. 
Construction site and related erosion accounted for 
only 55 percent and 26 percent of the total urban 

nonpoint source simulated transport loadings of 
total phosphorus and sediment, respectively. Large 
amounts of sediment and sediment-associated 
pollutants which are eroded from construction 
sites thus may be deposited in streets, ditches, and 
streams without being transported to the mouth of 
Oak Creek. Thus, Table 62 indicates that while 
urban nonpoint sources-primarily construction 
site and related erosion--accounted for the major- 
ity of the drainage channel loadings of phosphorus 
and sediment, these urban sources contributed a 
smaller portion of the transport loadings at the 
mouth of Oak Creek because much of the pollu- 
tant loads contributed by construction site and 
related erosion may be deposited in the stormwater 
drainage system, therefore not reaching the mouth 
of the creek. 

Pollution Sources: Overview 
Figure 37 provides a graphic summary of the 
average annual loads of selected pollutants to the 
stream network of the Oak Creek watershed from 
point and nonpoint sources, as determined in the 
unit load analysis. The following observations may 
be made and conclusions drawn based on the 
identification, characterization, and quantification 
of pollution sources: 

Sanitary sewage enters the surface water 
system of the watershed through two 
overflows located in the City of South 
Milwaukee. A third overflow located in the 
City of Oak Creek was abandoned in 
April 1984 as a result of a sewer system 
rehabilitation project in the City of Oak 
Creek. The two overflows located in the 
City of South Milwaukee will also be 
abated by mid-1984 as a result of a sewer 
system rehabilitation project being con- 
ducted in that City. Consequently, the 
water quality evaluations in this report do 
not include the pollutant loadings from 
these bypasses. 

There are no municipal sewage treatment 
plants discharging to the surface waters of 
the Oak Creek watershed. 

Nine industrial establishments which dis- 
charge wastewaters through 16 outfalls are 
known to exist in the watershed and 
constitute a minor component of the 
hydraulic budget of the basin, accounting 
for only 6 percent of the total average 
annual flow from the basin. These 16 



industrial outfalls all normally discharge 
spent cooling waters, a combination of 
cooling and boiler blowdown water, 
aircraft washwater, oil-contaminated storm- 
water, stormwater, and sludge tank decant 
water. The average annual pollutant con- 
tribution from these sources is insignifi- 
cant, accounting for less than 0.1 percent 
of the total load of all pollutants evaluated. 

Nonpoint source pollution includes mater- 
ials washed from the atmosphere, land 
surface, or subsurface by rainfall, snow- 
melt, or 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 activi- 
ties. Nonpoint sources account for essen- 
tially all of the total annual pollutant load 
to the surface waters of the Oak Creek 
watershed. 

Of the total nonpoint source pollutant load 
to the watershed, as estimated using the 
unit load analysis, urban nonpoint sources 
are estimated to contribute about 44 
percent of the nitrogen, about 79 percent 
of the biochemical oxygen demand, about 
63 percent of the phosphorus loading, 
about 71  percent of the fecal coliform 
organisms, and about 56 percent of the 
sediment load. Rural nonpoint sources 
account for the remaining 56 percent of 
the nitrogen, 21 percent of the biochemical 
oxygen demand, 37 percent of the phos- 
phorus, 29 percent of the fecal coliform, 
and 44 percent of the sediment. 

During dry weather conditions, the recom- 
mended temperature, pH, dissolved oxy- 
gen, and ammonia nitrogen standards 
are met virtually all of the time. The 
phosphorus and fecal coliform standards 
recommended for Oak Creek are violated 
about 22 percent and 44 percent of the 
time, respectively, during dry weather 
conditions. 

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 
standards are violated more than 80 per- 
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cent of the time during wet weather, 
indicating that major contributions of these 
pollutants are related to nonpoint sources. 

Pollutant sources identified in the Oak 
Creek watershed can be categorized into 
point sources, urban nonpoint sources, and 
rural nonpoint sources. Known point 
sources of pollution include two sani- 
tary sewerage flow relief devices and 10 
industrial sources which have 18 outfalls. 
Nonpoint sources of pollution include 
materials washed from the atmosphere, and 
the land surface or subsurface, by rainfall, 
snowmelt, or seepage waters. In urban 
areas, these pollutants are conveyed to the 
surface waters directly or, as in many 
cases in the Oak Creek watershed, via one 
of the five storm sewer systems located in 
the watershed. As of 1980, urban land uses 
comprised about 46 percent of the Oak 
Creek watershed, with the approximately 
5.4 square miles of residential land use 
accounting for about 42 percent of the 
total urban land. Other major sources of 
urban nonpoint pollutants in the watershed 
were the approximately 1.1 square miles of 
commercial land use and 0.8 square mile of 
industrial land use, and the septic tanks 
which served about 1,670 persons. The 
approximately 0.5 square mile of land 
under construction, used for extractive 
activities or for landfills, is also a major 
source of nonpoint source pollutants. Rural 
lands comprised about 54 percent of the 
watershed, with pollutant loadings from 
the 13.1 square miles of agricultural and 
open land and the estimated 110 livestock 
animal unit equivalents being the most 
significant rural pollutant sources. 

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 Oak Creek 
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 pollu- 
tion 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 Oak Creek watershed have been and 
are polluted, and identifies the sources of that 
pollution. 

The term "water quality" encompasses the physi- 
cal, chemical, and biological characteristics of 
water. Water is deemed to be polluted when 
foreign substances 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 pollution, organic pollution, nutrient pollu- 
tion, pathogenic or disease-carrying pollution, 
thermal pollution, 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 Oak Creek 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, metals, pesticides, and polychlor- 
inated bipheny 1s (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 cor- 
responding to the "recreational use, maintenance 
of warmwater fish and aquatic life, and minimum 
standards" objectives established under the area- 
wide water quality management 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 contin- 
uous or intermittent discharge of various point 
sources, such as industrial cooling or process 
waters. While instream water quality during wet 
weather conditions 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 via 
overland routes, such as drainage ditches and 
streets and highway ditches and gutters, or via the 
underground storm sewer system. Wet weather 
conditionsdefined as being days on which 0.10 
inch or more of precipitation occurs-may be 
expected to occur on an average of 17 percent 
of the days in a given year in the Oak Creek 
watershed. 

A variety of data sources, based primarily on field 
studies and dating back to 1954, were used to 
assess the historic and existing water quality of 
surface water in the Oak Creek watershed. Most of 
the historic water quality monitoring information 
available for the watershed represents dry weather 
conditions, with some information being available 
on wet weather conditions and relatively little 
information being available on either dry or 
wet-weather condition concentrations of such 
more exotic pollutants as 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 Oak Creek water- 
shed than during dry weather conditions. The ratio 
of measured wet weather to measured dry weather 
pollutant concentrations ranges from 0.44 to 
24.21. The ratio of wet weather to dry weather 
pollutant transport values ranges from 0.98 to  142 
and, generally, is significantly greater than the ratio 
of wet weather to dry weather concentrations. 
That is, as may be expected, wet weather condi- 
tions generally have a greater impact on pollutant 
transport from the watershed than on pollutant 
concentrations, since, in general, wet weather 
causes a significantly greater increase in flow than 
in pollutant concentration. 

During dry weather conditions, the recommended 
temperature and pH, dissolved oxygen, and 
ammonia nitrogen standards appear to be satisfied 
in the Oak Creek system virtually all of the time. 
In contrast, the phosphorus and fecal coliform 

standards are violated 22 percent and 44 percent 
of the time, respectively, during dry weather 
conditions. 

During wet weather conditions, the established 
temperature, pH, dissolved oxygen, and ammonia 
nitrogen standards appear to be satisfied nearly all 
of the time. The recommended phosphorus and 
fecal coliform standards appear to be violated most 
of the time. 

The magnitude and extent of toxic and hazardous 
substance contamination of the Oak Creek water- 
shed cannot be determined from the limited data 
available. 

The benthic community in the watershed is com- 
posed of large populations of pollutant-tolerant 
species, a situation indicative of polluted 
conditions. 

Of the eight potential types of surface water 
pollution, all but thermal and radiologic pollution 
are known to exist to at least some degree in the 
Oak Creek watershed. The quality of the surface 
waters of the Oak Creek watershed generally does 
not support warmwater fishery and aquatic life 
objectives, nor does it generally support recrea- 
tional use objectives. 

Commission inventories indicate that as of 1980, 
point source contributions of pollutants were 
relatively insignificant, and both urban and rural 
nonpoint sources were major contributors of 
pollutants. 

Point source pollutant loads in the Oak Creek 
watershed were estimated by utilizing measured 
data obtained under the Wisconsin Pollution 
Discharge Elimination System. Pollutant loads 
from nonpoint sources were estimated using 
a unit load analysis and a water quality simulation 
model. Based on the unit load analysis, urban 
nonpoint sources of pollution are estimated to 
contribute 44 percent of the nitrogen, 63 percent 
of the phosphorus, 79 percent of the biochemical 
oxygen demand, 71 percent of the fecal coliform, 
and 56 percent of the sediment which are dis- 
charged to drainage channels in the Oak Creek 
watershed. Of the total pollutant loads, rural 
nonpoint pollutant sources contribute the remain- 
ing 56 percent of the nitrogen, 37 percent of the 
phosphorus, 21 percent of the biochemical oxygen 
demand, 29 percent of the fecal coliform organ- 
isms, and 44 percent of the sediment. 



As an alternative to the unit load analysis, which actually delivered to the mouth of the watershed. 

I estimates drainage channel pollutant loads from The simulated transport loads represent 39 percent 
vety small drainage areas, methods can be used to of the nitrogen, 30 percent of the phosphorus, and 
estimate transport loads at the mouth of the 18 percent of the sediment included in the drain- 

) watershed. These methods indicate the proportions age channel pollutant loadings as estimated by the 
of the drainage channel pollutant loads which are unit load analysis. 
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Chapter VIII 

WATER RESOURCE SIMULATION MODEL 

INTRODUCTION 

Quantitative analyses of watershed hydrology, 
hydraulics, and water quality under existing and 
alternative future conditions are a fundamental 
requirement of any sound, comprehensive water- 
shed planning effort. Of particular interest in 
watershed planning are: 1) those aspects of the 
hydrology and hydraulics of the watershed which 
affect peak flood discharges and stages and are, 
therefore, of concern in floodland management; 
and 2) those aspects which affect water quality 
conditions, such as periods of critically low stream- 
flows or of pollutant washoff from the land 
surface, and are, therefore, of concern in water 
quality management. 

Discharge, stage, and water quality at any point 
and time within the surface water system1 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, 
recreation, and waste assimilation. The second 
factor is the nature and use of the land, with 
emphasis on those features that affect the quantity 
and temporal distribution of runoff and the quality 
of that runoff. The third factor is those stream 
characteristics 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 
pollutants are either assimilated within, or trans- 
ported from, the watershed. 

Recently developed water resources planning and 
engineering techniques make it possible to calcu- 
late existing and future hydrologic, hydraulic, and 
water quality conditions in a watershed as influ- 

' A  system is defined as a set o f  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. 

enced by the above three factors. These techniques 
involve the formulation and application of mathe- 
matical models that simulate2 the behavior of the 
surface water .system. These models, which are 
usually programmed for digital computer applica- 
tion, permit the necessary quantitative analyses of 
hydrology, hydraulics, and water quality under 
existing and alternative future conditions required 
in a sound planning effort. 

The purpose of this chapter is to describe the 
Water Resource Simulation Model-actually a com- 
bined hydrologic, hydraulic, and water quality 
model-used in the Oak Creek watershed planning 
program. More specifically, this chapter discusses 
model selection, the submodels contained within 
the model, input data requirements and data base 
development, and model ~al ibrat ion.~ The volumi- 
nous input and output data attendant to  the 
modeling effort could not all be included in this 
report; however, the data not included are available 
in Commission files. 

I t  is important to emphasize that the model used in 
the Oak Creek watershed planning program, or 
more specifically the mathematical computations 
and logic decisions executed during the operation 
of that model, is no more and no less sophisti- 
cated or valid than the operations which could, 
with sufficient personnel and time, be accom- 
plished manually. The only advantage of digital 

2~imulat ion is defined as reproduction o f  the 
important behavioral aspects of the system. It 
should be emphasized that simulation, as used in 
comprehensive watershed planning, does not 
normally achieve, or need to achieve, exact dupli- 
cation o f  all aspects o f  system behavior. 

3 ~ o r  further background information on water 
resources modeling, including discussions o f  the 
need for, and nature of, modeling; discrete event 
versus continuous process models; and the use 
algorithms, see chapter VIII of SE WRPC Planning 
Report No. 26, A Comprehensive Plan for the 
Menomonee River Watershed, Volume One, 
Inventory Findings and Forecasts, October 1976. 



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 voluminous repetitive calculations and 
logic operations and was not dependent on an 
increased understanding of hydrologic, hydraulic, 
and water quality processes. In fact, most of the 
hydrologic, hydraulic, and water quality processes 
included in the most sophisticated 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 mone- 
tary costs, however, it would have been impractical 
to manually execute the computations necessitated 
in even a single application of the model used in 
the Oak Creek watershed study. 

MODEL USED IN THE OAK CREEK 
WATERSHED PLANNING PROGRAM 

Model Selection Criteria 
For comprehensive watershed planning, the mathe- 
matical simulation model should be able to: 

1. Simulate hydrologic, hydraulic, and water 
quality conditions in both rural and urban 
areas; 

2. Compute flood discharges and stages for a 
wide range of recurrence intervals, includ- 
ing the 100-year recurrence interval, with 
sufficient accuracy for use in delineating 
floodland regulatory districts and areas and 
for designing and evaluating alternative 
flood control measures and works; 

3. Incorporate the effects of hydraulic struc- 
tures such as bridges, culverts, and dams 
and of localized floodland encroachments 
on upstream and downstream flood dis- 
charges and stages; 

4. Incorporate the hydrologic and hydraulic 
effects of land use changes-particularly the 
effects of the conversion of land from rural 
to urban uses-not only within the flood- 
lands but within the entire tributary 
watershed; 

5. Incorporate the hydrologic and hydraulic 
effects of alternative structural flood 

control works, such as channelization, 
dikes and floodwalls, and storage im- 
poundments; 

6. Permit assessment of the impact on surface 
water quality of discharges from point 
sources of pollution such as municipal and 
industrial discharges; and 

7. 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. 

Model Selection 
Figure 38 graphically illustrates the overall struc- 
ture of the model selected by the Commission 
for use in its water resources planning programs; 
identifies four 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 indicates the uses of the simulation model 
results. The set of submodels contains both con- 
tinuous process and discrete event submodels 
selected so as to maximize the favorable features of 
each of the two basic model types. 

Figure 38 
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The Hydrologic Submodel, Hydraulic Submodel 1, 
and the Water Quality Submodel are three com- 
puter programs originally contained within a 
program package known as "Hydrocomp Simula- 
tion ~rogramming".~ These submodels, which were 
available on a proprietary basis through the con- 
sulting firm, Hydrocomp, Inc., had been under 
development since the early 1960's, when pioneer- 
ing work in hydrologic-hydraulic modeling was 
initiated at Stanford ~n ive r s i t y .~  The Hydrocomp 
program submodels-that is, the Hydrologic Sub- 
model, Hydraulic Submodel 1,  and the Water 
Quality Submodelare all continuous process 
submodels and were installed on the Regional 
Planning Commission computer system in 1974. 
These submodels were used, among other applica- 
tions, in the Commission's Menomonee River, 
Kinnickinnic River, and Pike River watershed 
studies and in the Commission areawide water 
quality management planning program, including 
under the latter the simulation of water quality 
conditions in the Oak Creek water~hed .~  Indeed, 
the modeling results obtained under the areawide 
water quality management planning program 
served as the basis for the water quality related 
analyses conducted under the Oak Creek water- 
shed study. 

In early 1984, a new computer program was 
installed on the Regional Planning Commission 
computer system to replace the original Hydro- 
comp program package. This program, called "Hy- 
drological Simulation Program-Fortran" (HSPF), 
was obtained from the U. S. Environmental Pro- 
tection Agency and represents a refined version 
of the original Hydrocomp program package.7 
The HSPF program was used for flood control 
related analyses conducted under the Oak Creek 
watershed. 

The submodel identified as Hydraulic Submodel 2 
is the U. S. Army Corps of Engineers Program 
called "Water Surface profiles. "* This discrete 
event, steady state model was provided to  the 
Commission by the Hydrologic Engineering Center 
of the Corps of Engineers and is continuously 
maintained by the Center at no cost to the Com- 
mission. This large computer program has been 
used extensively by the Commission in its flood- 
land management planning and plan implementa- 
tion activities since mid-1972y and has been 
operable on the Commission computer system 
since 1974. 

Each of the four submodels is described briefly 
below. These separate descriptions 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 
concept of runoff from the land is broadly inter- 
preted to include surface runoff, interflow, and 
groundwater 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 deter- 
mine the quantity of water available on or beneath 
the land surface and the second 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 type. A hydrologic land segment type is 

See Hydrocomp, Inc., Hydrocomp Simulation 
ProgrammingOperations 4th Edition, 
January 1976; and Hydrocomp, Inc., Hydrocomp 
Water Quality Operations Manu* April 1977. 

5 ~ e e  N. H. Crawford and R. K. Linsley, Digital 
Simulation in Hydrology: Stanford Watershed 
Model IV, Technical Report No. 39, Depart- 
ment of Civil Engineering, Stanford University, 
July 1966. 

'see Southeastern Wisconsin Regional Planning 
Commission, A Regional Water Quality Manage- 
ment Plan for Southeastern Wisconsin-2000. 
February 1979. 

' U. S. Environmental Protection Agency, Environ- - - .  

mental Research Laboratory, Hydrological Simula- 
tion Program-Fortran, User's Manual for Release 
8.0, Athens, Georgia, April 1984. 

U. S. Army Corps of Engineers, Hydrologic 
Engineering Center, Computer Program 723-X6- 
L202A, HEC-2, Water Surface Profiles Users 
Manual, Davis, California, September 1982. 

' ~ r o m  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. 



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 char- 
acteristics, land characteristics, and soils which 
exhibit a continuous, as opposed to discrete, 
spatial variation throughout the watershed. 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 
hydrologic land segment type. Thus the practical, 
operational 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 that a 
travel time of approximately one hour for flow 
through the segment was provided, and so that 
simulated output data could be obtained at sites 
where historic water quality sampling data were 
already available, or at  points located upstream or 
downstream of known sources of pollution. As 
described later in this chapter, four hydrologic land 
segment types and 27 hydrologic land segments 
were identified within the Oak Creek watershed for 
modeling 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. 

Figure 39 
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are input directly or indirectly to the Hydrologic 
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 Oak Creek watershed 
land surface are described later in this chapter. 

Table 64 identifies the 22 parameters that are 
input to the Hydrologic Submodel for each hydro- 
logic 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, along with pdint and 
groundwater discharges as produced by the Hydro- 
logic Submodel, to combine the two, and to 
route l o  them 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. 

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 
constitute the two principal types of input data 
for each land segment type in the Hydrologic 
Submodel. Table 63 identifies eight categories of 
historic meteorological data sets, seven of which 

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 lengthened- 
through the reach or impoundment as a result o f  
either temporary channel-floodplain storage or 
temporary impoundment storage. 



Figure 40 

INTERDEPENDENCE BETWEEN PROCESSES IN  THE HYDROLOGIC AND WATER QUALITY SUBMODELS 
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Figure 40 (continued) 
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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 Submodel 1 
are, however, judged adequate for all watershed 
planning 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 
five-minute computational time interval, and 
generating as output the corresponding instanta- 
neous peak discharges from the resulting hydro- 
graphs. This version of Hydraulic Submodel 1 was 
necessary for use on the headwater reaches of the 
Oak Creek, North Branch of Oak Creek, and 
Mitchell Field Drainage Ditch because of the 
tendency for the small watercourses involved to  
experience a rapid rise and fall of floodwaters and 
thus to  pose the possibility of the instantaneous 
peak discharge not being correctly simulated 
because the model could be operated at too large a 
computational time interval in the other mode. 
More specifically, selected total rainfall amounts 
for specified duration rainfall eventsas  shown in 
Figure C-2 of Appendix C-were distributed over 
their respective durations at five-minute time 
intervals and thus applied to generate the simu- 



Table 63 

METEOROLOGICAL DATA SETS AND THEIR USE IN THE HYDROLOGIC AND WATER QUALITY SUBMODELS 

Frequency Origin of Data 
Use in 

Hydrologic Submodel 

Use in 
Water Quality 

Submodel 

Use in Synthesizing 
Other Meteorological 

Input Data 
for the Submodels Desirable I Allowablep Data Set Units 

Precipitation 10.' inches Rain or snowfall applied 
t o  the land 

Data from hourly stations 
used t o  disaggregate data 
from daily stations 

Hourly or 
more frequent 

Radiation 

Daily 

Daily Semimonthly Water temperature- 
heat f lux t o  water 
by short wave 
solar radiation 

1 Compute potential 
evaporation 

Potential 
Evaporation 

inches Evaporation from lakes, 
reservoirs, wetlands, 
depression storage, and 
interception storage 

Evapotranspiration from 
upper zone storage, lowel 
zone storage, and 
groundwater storage 

Evaporation f rom snow 

(maximum 
and minimum) 

Temperature Snowmelt 
Density of new snow 
Occurrence of 
precipitation as snow 

Water temperature- 
heat f lux t o  water 
surface by long 
wave solar 
radiation 

Water temperature- 
heat f lux  from 
water by conduc- 
tion-convection 

Average daily 
temperature used 
t o  compute 
evaporation 

- 
Wind Movement Snowmelt by conden- 

sation-convection 
Evaporation from snow 

Water temperature- 
heat loss from 
water surface by 
evaporation 

Lake reaeration 

Compute evaporation Daily 

Daily Dewpoint 
~ e m p e r a t u r e ~  

O F  

Decimal 
I fraction 

Snowmelt by conden- 
sationconvection 

Evaporation from snow 

Water temperature- 
heat loss from 
water surface by 
evaporation 

Water temperature- 
heat f lux t o  water 
surface by long 
wave solar 
radiation 

Used indirectly 

Compute evaporation 

Cloud Cover Semimonthly 

Sunshine 

X 

Percent 
possible 

X Compute solar 
radiation which 
was in turn used 
t o  compute 
evaporation 

a Solar energy flux, that is, the rate a t  which solar energy is delivered to a surface-such as the earth's urface-is expressed in  terms of energy per un i t  area per unit  

9 3 time. The langley expresses energy per unit  area and is equivalent t o  1.0 calories/cm2 or 3. 7 x 10- B T U / ~ ~ ~  Therefore, a langley/day, which expresses solar 
energy f lux in terms of energy per unit  area per unit  time, is equivalent to  1.0 calories/cm /day or 3.97 x lo3 BTU/cm2/day. The solar energy flux above the 
earth's atmosphere and normal to  the radiation path is about 2,880 langleys/day. 

-- 

Dewpoint temperature is the temperature a t  which air becomes saturated when cooled under conditions o f  constant pressure and constant water vapor content 

Used indirectly 

Source: Hydrocomp, Inc., and SEWRPC. 



Table 64 

PARAMETERS REQUIRED FOR EACH HYDROLOGIC LAND SEGMENT 
TYPE SIMULATED WITH THE HYDROLOGIC SUBMODEL 

a Regardless of the primary source of parameter values, all land parameters were subject to adjustment during the calibration process. 

Initial values were assigned based on experience with the Hydrologic Submodel on watersheds having similar geographic or climatological 
characteristics. See Chapter V I I I  of SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Watershed, Volume 
One, Inventory Findings and Forecasts, October 1976. 

Number 

1 

2 

3 

4 

5 

6 
7 
8 
9 

10 

11 
12 
13 

14 

15 
16 

17 

18 

19 

20 

2 1 

22 

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 (New York: McGraw-Hill, 1975). 

Definition or Meaning 

Maximum interception storage 

Nominal transient groundwater storage 
in the upper soil zones 

Nominal transient groundwater storage 
in the lower soil zones 

Decimal fraction of the groundwater 
recharge that percolates to deep or 
inactive groundwater storage 

Decimal fraction of land segment 
with shallow groundwater subject 
to  direct evapotranspiration 

Nominal infiltration rate 
Index of interflow 
Average length of overland flow 
Average slope of overland flow 
Manning roughness coefficient 
for overland flow 

Interflow recession rate 
Groundwater recession rate 
Adjust theoretical snowmelt equations to 
field conditions 

Adjust snowfall measurements to account 
for typical catch deficiency 

Density of new snow at OOF 

Decimal fraction of land segment 
with forest cover 

Groundmelt rate attributable to  conduction 
of heat from underlying soil to snow 

Maximum water content of the snowpack 
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 

Water equivalent of snowpack when segment 
is completely covered by snow 

Adjust theoretical snow evaporation 
equations to field conditions 

Mean elevation of segment 

Air temperature below which 
precipitation occurs as snow 

Parameter 

Symbol 

CEPSC 

UZSN 

LZSN 

DEEPER 

LZETP 

INFILT 
INTFW 
LSU R 
SLSUR 
NSUR 

IRC 
AGWRC 
CCFACT 

SNOWCF 

RDCSN 
SHADE 

MGMELT 

MWATER 

CO.VIND 

SNOEVP 

MELEV 

TSNOW 

Source: U. S. Environmental Protection Agency. 

Unit 

Inches 

Inches 

Inches 

None 

None 

None 
None 
Feet 
None 
None 

None 
None 
None 

None 

None 
None 

lncheslday 

None 

Inches 

None 

Feet Sea 
Level Datum 
OF 

Primary Source of Numerical value? 

Extent and type of vegetation as 
determined from aerial photographs 
and field examination 

A function of LZSN and therefore 
determined primarily by calibration 

Related to annual precipitation but 
determined primarily by calibration 

b 

Soils and topographic data 

Calibration 
Calibration 
Topographic maps 
Topographic maps 
Field reconnaissance 

Hydrograph analysis 
Hydrogra h analysis -1 

C 

b 

Aerial photographs 

b 

C -- 

b 

b 

Topographic map 

b 



lated instantaneous peak flood discharge for the 
specified recurrence interval event. ' Hydraulic 
Submodel 1 was thus operated at a five-minute 
computational time interval for each duration rain- 
fall event, which produced several hydrographs and 
corresponding instantaneous 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. 

In addition to maintaining a continuous accounting 
of inflow to  the stream system, Hydraulic Sub- 
model 1 performs routing calculations for land 
segments- land segment being either a chan- 
nel reach and its tributary drainage area, or an 
impoundment and its tributary drainage area-by 
employing the conservation of mass principle and 
basic hydraulic laws. 

Routing 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 land segment with the values selected so as to  
encompass the entire range of physically possible 
water surface elevations. As simulated by the 
reservoir routing algorithm, a volume of flow 
enters the land segment during a particular time 
increment with the origin of the flow being dis- 
charge from a land segment immediately upstream. 
The incremental volume of flow is added to  that 
already in the land segment at the beginning of the 
time interval, and the stagedischarge-cumulative 
volume relationship is then used to estimate the 
rate of discharge from the land segment during the 
time increment. The volume of water stored in 
the land segment at the end of the time increment 
is calculated as the initial volume plus the inflow 
volume minus the outflow volume. This computa- 
tional process is then repeated for subsequent time 
increments, with the result of each such compu- 
tation being the stage of, and the discharge rate 
from, the land segment at  the end of each time 
increment. Any number of stage-discharge relation- 
ships may be utilized for a given existing or poten- 
tial lake or reservoir site, facilitating the simulation 
of a variety of potential outlet works and operating 
procedures. 

- 

l 1  See Michael L. Terstriep and John B. Stall, 
"The Illinois Drainage Area Simulator, ILLUDAS," 
Illinois State Water Survey, Bulletin 58, Urbana, 
1974. 

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 
conservation 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, 
culverts, and dams. Given a discharge and stage at a 
starting floodland cross-section, a trial stage is 
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 
conservation of energy principle is satisfied. The 
above iterative computational process is then 
repeated for successive upstream floodland reaches. 
The 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 attribut- 
able 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 
bridge 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 Submodel 
2 that performs backwater computations through 
floodland reaches between hydraulic structures 
include flood discharges, channel-floodplain cross- 
sections including distances between such sections, 
and Manning roughness coefficients for the channel 
and each floodplain. Data requirements for the 



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 
waterway 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 floodwaters, floodplain regulations applicable 
to areas adjacent to or on the fringes of flood- 
prone areas normally require protection to an 
elevation equal to the 100-year recurrence interval 
flood stage plus a freeboard of two feet. A similar 
freeboard is normally used in the design of struc- 
tural flood control works intended to convey 
100-year flood flows, such as dikes and flood- 
walls or major channel modifications. 

Water Quality Submodel: The principal function of 
the Water Quality Submodel as used in the Oak 
Creek watershed planning program is to simulate 
the time-varying concentration, 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 
factors. The first is the temporal and spatial 
distribution 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 1 
determine the rate and manner in which a potential 
pollutant is either assimilated in or transported 
from the watershed. 1 
Simulation of the above three factors that influ- 
ence instream water quality requires a large and I 

diverse data base. As shown in Figure 38, operation 1 
of the Water Quality Submodel requires the input 
of six data sets-meteorological, land, channel, 
diffuse sources of pollution, point sources of 
pollution, and output from the Hydrologic Sub- 
model or the quantity of runoff. Table 63 identi- 
fies the six categories of historic meteorological 

I 

sets that are input directly or indirectly to the I 
Water Quality Submodel and notes the use of each 
data set. The channel data required for the hydrau- 
lic portion of the Water Quality Submodel are 1 
similar to the data required for Hydraulic Sub- 
model 1. In addition, nonhydraulic channel data 

I 
must be provided, consisting primarily of water 
quality parameters and such coefficients as the 

I 

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 manage- 
ment practices such as contour plowing on agricul- 
tural land and street sweeping in urban areas. A 
strict interpretation of this definition results in a 
virtually 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- 
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 
characteristic of a unique water quality land 
segment type. Thus, the practical, operational 
definition of a water quality land segment is a 
surface drainage unit consisting of a subbasin, or a 
combination of subbasins, which can be considered 
to be represented by a particular water quality land 
segment 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 charac- 
teristics 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 but 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 
corresponding concentrations for each of the 
constituents 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 seg- 
ment 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 sub- 
surface 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 
summation over the hourly interval of all mass 
inflows and outflows of each water quality con- 
stituent 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 Submodel are indicated in 
Figure 41. 

DATA BASE DEVELOPMENT 

The largest single work element in the preparation 
and application of the hydrologic-hydraulic-water 
quality model is data base development. This con- 
sists of the acquisition, verification, and coding of 
data needed to operate, calibrate, test, and apply 
the model. The model data base for the Oak Creek 
watershed is a file of information that quantita- 
tively depicts the characteristics 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 five 
distinct categories of information: meteorological 
conditions data, land data, channel data, diffuse 
sources of pollution data, and point sources of 
pollution data. Each of the five data categories 
provides input to at least one of the four sub- 
models. Of the five input data sets, the meteoro- 
logical data set is the largest because it consists of 
40 years of daily or hourly information for each of 
the eight historic meteorological data types. The 
meteorological data set is also the most critical 
since experience with the model indicates that 
simulated discharges, stages, and water quality 
levels are very sensitive to how well the meteoro- 
logical data set-particularly precipitation-repre- 
sents historical meteorological conditions. 



Figure 41 

LEGEND 

Source: Hydrocornp, Inc., and SEWRPC. 

With respect to their origin, the data in the base are 
largely historic; they are based on existing records 
of past observations and measurements. For 
example, the bulk of the meteorological data in the 
base are historic because they are assembled 
from National Weather Service (NWS) records. 
Some of the data in the base are original because 
they were obtained by field measurements 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 because they were calculated from 
other readily available historic data. Calculated 

r-1 OUTPUT 
L-J 

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 
since they were computed from historic percent 
sunshine measurements because of the absence of 
long-term historic radiation observations in or near 
the watershed and because of the impracticality of 
developing long-term original solar radiation data. 

A distinction should be drawn between model 
input data and model calibration data. The five 
categories of data identified above constitute the 
input data for the model and constitute the data 



I 
base needed to operate the various submodels in 
the model. Calibration data, which are discussed in 
a subsequent section of this chapter, are not 

I required to operate the model, but are vital to 
calibration. The principal types of calibration data 
are streamflow, flood stage, and water quality. 

Each of the five types of input data, as well as the 1 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 1 code the information. In the case of some of the 
data types, the means of acquisition have been des- 

I 
cribed in earlier chapters of this report or in 

I 
another report, and, with the exception of a brief 
reference, will not be repeated in this chapter. 

Meteorologic Data 1 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 

1 Quality Submodels: hourly precipitation, daily 
maximum-minimum temperature, daily wind move- 
ment, daily solar radiation, daily dewpoint tem- 
perature, daily potential evaporation, and daily 
cloud cover. Map 11 in Chapter I11 shows six 
National Weather Service meteorologic observation 

I stations located in or near the watershed and the 

I Thiessen polygon network which was constructed 
for the purpose of delineating the geographic area 

I 
to be represented by each station. Since the entire 
watershed lies within the Milwaukee Mitchell Field 
polygon, this station was used as the source of all 
required meteorological data sets. 

The process used to develop the meteorological 
data sets for the model is schematically depicted in 
Figure 42. Much of the meteorologial data base 
development was completed under other Regional 
Planning Commission work programs. The princi- 
pal work element completed under the Oak Creek 
watershed planning program was an extension of 
the termination date of the meteorologic data base. 
Meteorological data sets were developed for the 
44-year period from 1940 through September 
1983. January 1, 1940, was selected as the starting 
date for the data sets since it marks the beginning 
of hourly observations at the Milwaukee station. 

Land Data 
As shown in Figure 38, land data are needed to 
operate the Hydrologic Submodel, the output 
of which influences the four other submodels. 
Table 64 identifies the 22 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 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 determinants of the 
magnitude and timing of surface runoff, interflow, 
and groundwater flow from the land to the water- 
shed stream system and therefore are the basis for 
hydrologic land segment identification and delinea- 
tion. There are other land characteristics that may 
influence the hydrologic response of the land 
surface; for example, depth to  bedrock, type of 
vegetation, and density of the stormwater 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 
segment types in the watershed began with the 
subdivision of the watershed into subbasins using 
the procedure described in Chapter V. As shown 
on Map 33 in Chapter V, a total of 24 subbasins 
were delineated ranging in size from 0.35 to 2.80 
square miles. These subbasins provided the basic 
"building blocks" for the identification of hydro- 
logic land segment types and, subsequently, of 
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 I11 of this report, a Thiessen 
network was constructed for the watershed and 
surrounding areas in order to facilitate subdivision 
of the watershed into areas closest to the nearby 
meteorological stations. Since the Oak Creek 
watershed is located entirely within the Milwau- 
kee Mitchell Field polygon, all subbasins were 
associated with this station, which is most likely to  
be representative of the meteorological processes 
affecting the subbasins. 

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 
poor drainage. The Oak Creek watershed was 
determined to be primarily covered with Hydro- 
logic 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 1 inch equals 2000 
feet scale, two-foo t contour interval topographic 
maps available for the entire watershed and 1 inch 
equals 2000 feet scale U. S. Geological Survey 
quadrangle maps. The slope analysis indicated that 
no areas of steep slope were present in the water- 
shed, with slopes of less than 4 percent dominat- 
ing. Based on the analysis of slopes throughout the 
watershed and previous slope sensitivity studies,12 
it was determined that the use of slopes in the 
determination of required land segment types was 
not warranted. 

Land Use and Cover: The combination of land 
use and cover--which most often reflects man's 
influence on the hydrologic processes in that land 
use-coveris largely the result of man's activities, 
particularly in the Oak Creek watershed. 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, residen- 
tial, commercial, and recreational. Consider two 
four-acre areas with identical population densities 
that may be assumed to represent mediumdensity 
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 impervious surface and 
different amounts of area available 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. 

l 2  See Chapter VIII of SEWRPC Planning Report 
No. 26, A Comprehensive Plan for the Menornonee 
River Watershed, Volume One, Inventory Findings 
and Forecasts, October 1976. 

Table 65 lists the four imperviousness categories 
defined for the purpose of identifying hydrologic 
land segment types in the Oak Creek watershed. 
These four imperviousness categories encompass 
the full spectrum of existing and probable future 
conditions in the watershed. The imperviousness 
categories were selected by first determining 
the relative area of each of 11 land use-cover 
classifications within each of the watershed sub- 
basins using 1 inch equals 400 feet scale 1980 
Commission aerial photographs and correspond- 
ing 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 and using a percent imperviousness assigned 
to each of the 11 land use-cover classifications. 
A frequency distribution of the subbasin percent 
imperviousness values and information from 
previous watershed studies were then used to 
select the four representative percent irnpervious- 
ness categories. 

Resulting Hydrologic Land Segment Types and 
Hydrologic Land Segments: Application of the 
above process yielded a total of four different 
hydroldgic land segment types in the Oak Creek 
watershed. The four hydrologic land segment 
types used to represent the land surface of the Oak 
Creek watershed for hydrologic-hydraulic simula- 
tion are defined in Table 66 in terms of their 
hydrologic soil grouping, 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 stormwater 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 in the following manner. The 
Hydrologic Submodel includes two individual 
subroutines which simulate runoff from pervious 
and impervious surfaces. The total runoff for a 
particular land segment usually consists of runoff 
from both pervious and impervious surfaces. 
However, a distinction is made in the program 
input between the impervious surface runoff that 
flows onto a pervious surface, and that which is 
directly connected to the stream system. A portion 
of the impervious surface runoff of a land segment 
may be designated as inflow to the pervious surface 
and thus may contribute to the total pervious 



Table 65 

IMPERVIOUSNESS CATEGORIES IN THE OAK CREEK WATERSHED 
AS DEFINED FOR THE HYDROLOGIC SUBMODEL 

Source: SEWRPC. 

Table 66 

Identification 
Number 

1 

2 

3 

4 

HYDROLOGIC LAND SEGMENT TYPES REPRESENTATIVE OF THE OAK CREEK WATERSHED 

Source: SEWRPC. 

Typical Corresponding 
Land Use Cover Combinations 

Low-density residential with 
supporting urban uses and 
associated land cover. 

Low- to medium-density residen- 
tial with supporting urban uses 
and associated land cover. 

Medium-density residential with 
supporting urban uses and 
associated land cover. 

High-density residential with 
supporting urban uses and 
associated land cover. 

Description 

Low 
lmperviousness 

Low to Medium 
l mperviousness 

Medium 
l mperviousness 

High 
l mperviousness 

surface runoff. The remaining impervious surface 
runoff is then designated as direct inflow to the 
stream system. The drainage efficiency of a par- 
ticular hydrologic land segment type can be repre- 
sented 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 

Range of 
Percent 

l mperviousness 

9-20 

46-65 

Identification 
Number of 
Hydrologic 

Land Segment 
TY pe 

1 
2 
3 
4 

Total 

drainage channel. This length is much shorter in 
urban than in rural areas, and serves to increase the 
peak rate of runoff. 

Subbasins in 
Watershed 

Represented by 
Land Segment Type 

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 

Number 

10 
8 
5 
1 

24 

Most 
Influential 

Meteorological 
Station 

Milwaukee 
Mitchell Field 

X 
X 
X 
X 

-- 

Percent 
of Total 

42 
33 
2 1 

4 

100 

Hydrologic 
Soil Type 

C Soil 

X 
X 
X 
X 

-- 

l mpervious Category 

Low 

X 
-- 
-- 
-- 

-- 

High 

-- 
--  
-- 
X 

-- 

Low to 
Medium 

-- 
X 
-- 
-- 

-- 

Medium 

-- 
-- 
X 
-- 

-- 



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 different from, and in amounts greater 
than, those envisioned in the land use plan can be 
required to provide sufficient storage in the drain- 
age system to maintain the post-development peak 
rate of runoff at the predevelopment level. 

The spatial distribution of the four hydrologic land 
segment types in the watershed under 1980 condi- 
tions is depicted on Map 39. The map also shows 
the 27 hydrologic land segments; that is, surface 
drainage units as actually 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 imperviousnessan area considered 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 22 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 water- 
shed characteristics, experience gained through 
previous application of the Hydrologic Submodel 
to watersheds having geographic and climatologic 
characteristics similar to those of the Oak Creek 
watershed, information taken from hydrology 
references, and calibration-under the Oak Creek 
watershed planning 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, is discussed 
later in this chapter. 

' LZSN, UZSN, INFILTRATION, and INTER- 
FLOW. 

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 Submodel 1, 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 
needed for Hydraulic Submodel 1 and since the 
data needed for Hydraulic Submodel 1 are 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 floodland to the other, and 
dam crest shape and elevation. 

The required discharges were obtained using two 
modeling procedures. For points in the watershed 
with accumulated drainage areas of approximately 
eight square miles or greater, the required dis- 
charges were obtained as a result of operating 
Hydraulic Submodel 1 at a one-hour computa- 
tional time interval over the 44-year simulation 
period for which recorded meteorological data 
were available-January 1, 1940 through Septem- 
ber 30, 1983--and performing discharge frequency 
analyses on the 44 simulated annual instantaneous 
peak discharges using the log Pearson Type I11 
technique. l 4  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 
eight square miles, a discrete event modeling 
procedure was used to obtain the required dis- 
charges as was described in the section on Hydrau- 
lic Submodel 1 presented earlier in this chapter. 
These procedures were used to obtain 10-year, 
50-year, and 100-year recurrence interval dis- 

l 4  See "Guidelines for Determining Flood Flow 
Frequency," Bulletin No. 17, United States Water 
Resources Council, Washington, D. C., March 
1 976. 
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charges which were input to the Hydraulic Sub- 
model 2, which in turn 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, including floodland cross- 
sections with an average spacing of about 260 feet 
and physical descriptions of 101 hydraulically 
significant structures, was obtained for about 26.0 
miles of stream selected for simulation. 

Channel Data for Hydraulic Submodel 1: As noted 
earlier in this chapter, a stage-discharge-cumulative 
storage table must be provid d along with the 
surface area for each hydro1 d gic land segment. 
The process used to develop the stagedischarge- 
cumulative storage tables was initiated by sub- 
dividing the approximately 26.0 miles of stream 
system selected for simulation into reaches and 
assigning tributary areas to the reaches, thus 
creating hydrologic 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, 
since the channel reach provides the mechanism 
whereby runoff from the land surface is inter- 
cepted, aggregated with flows from upstream 
hydrologic land segments, and then routed down- 
stream through the stream system. The second step 
in hydrologic land segment identification is deter- 
mination of the minimum alloyable reach length 
within a hydrologic land segment, 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. I t  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 
hydrologic land segments is that each reach within 
a hydrologic land segment be relatively homogene- 
ous with respect to floodland cross-sectional shape, 
channel slope, and channel-floodplain roughness 
coefficients. Hydrologic land segments were thus 
terminated at points of confluence in the stream 
system, at locations where the tributary area 
exhibited abrupt changes in land use, and at 
locations where discharges were to  be computed. 
The net effect of the above factors was the parti- 
tioning of the approximately 26.0 miles of stream 

system into 27 hydrologic land segments, as shown 
on Map 39. Each has an average reach length of 
about 1.0 mile, which was appropriate for opera- 
tion of Hydraulic Submodel 1 at a one-hour 
computational time interval. For operation of the 
model at a five-minute computational time interval 
for small drainage areas as described in the section 
on Hydraulic Submodel 1 presented earlier in this 
chapter, it was necessary to further partition 
certain portions of the watershed into hydrologic 
land segments of shorter reach lengths, as shown 
on Map 39, appropriate for the shorter computa- 
tional time interval. 

After subdivision of the stream system into hydro- 
logic land segments, channel cross-sections repre- 
sentative of each hydrologic land segment were 
identified. Cross-sections were selected from the 
set of detailed cross-sections prepared for Hydrau- 
lic Submodel 2, the selected cross-sections were 
composited, and one generalized representative 
cross-section was constructed for each hydrologic 
land segment. A stage-discharge-cumulative storage 
table was then developed using this cross-section. I t  
should be noted that conveyance was used as the 
basis for determining a representative cross-section 
for each hydrologic land segment, which included 
consideration of the Manning roughness coefficient 
for the respective stream reach. A stage-discharge- 
cumulative storage table was prepared for each 
stream system configuration-for example, existing 
condition or proposed channel improvement--that 
was to be simulated. 

Channel Data for Water Quality Submodel: Hy- 
draulic channel data required for the Water Quality 
Submodel are almost identical to the data des- 
cribed above for Hydraulic Submodel 1, the major 
difference being that Hydraulic Submodel 1 
allows only one land segment type to be associated 
with each hydrologic land segment whereas the 
Water Quality Submodel accepts up to  three land 
segment types per hydrologic land segment. 

Nonhydraulic channel data must also be provided 
for the stream reach within each hydrologic water 
quality land segment. These data consist of water 
quality parameters and coefficients, such as the 
biochemical oxygen demand reaction rate coeffi- 
cient, 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. 



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 the Water Quality Submodel consisted 
of monthly discharge values plus monthly water 
quality values for four point sources in the water- 
shed as shown on Map 40 and in Table 67. Point 
source discharge data were not input to the Hy- 
draulic Submodel 1 since these values were con- 
sidered insignificant with respect to  peak flood 
discharges. 

Nonpoint Source Data 
Figure 38 illustrates how nonpoint source data 
are input to the Water Quality Submodel, along 
with meteorologic, point source, 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 Oak Creek watershedI5 
and previous Commission staff experience. 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 shown 
in Table 68 was established for each of the 
19  hydrologic water quality land segments in 
the watershed. Map 41 indicates how the Oak 
Creek watershed was subdivided into hydrologic 
water quality land segments for water quality 
simulation. 

Calibration Data 
The six categories of data discussed above- 
meteorological, land, channel, riverine area 
structure, point pollution source, and nonpoint 
pollution source--constitute the total input data 
required to operate the four submodels. Of equal 
importance are calibration data. Although not 
needed to operate the model, these are necessary 
for the calibration of the model. These data, 
which are derived strictly from field measure- 
ments, include recorded actual streamflow, 
river stage, and water quality data. Since calibra- 
tion data represent the actual historic response 
of the watershed to a variety of hydro-meteoro- 
logical events and conditions, such data may be 
compared to the simulated response of the 
watershed, and the model is thus calibrated. 

Streamflow Data: The principal source of historic 
streamflow information in the watershed is the 
streamflow measurements made by the U. S. 
Geological Survey (USGS) from October 1,1963, 
to September 30,1983, at the continuous record- 

l 5  See Chapter IV o f  SEWRPC Technical Report I 
No. 18, State o f  the Art o f  Water Pollution Control 1 
in Southeastern Wisconsin, Volume Three, Urban 
Storm Water Runoff .  July 1977: Hvdrocomp. Inc.. I .., " , " A ,  

Hydrocomp Water Quality Operations Manual, I 

Fourth Edition, April 1977; and U. S. Army Corps 
of ~ n ~ i n e e r s - ~ e a t t l e  District, Environmental M&- 
agement of the Metropolitan Area Cedar-Green 
River Basins. Washington. Part II: Urban Drain- I 

- ,  

age, December 1974, p. 86. - 
Table 67 

SELECTED INFORMATION ON POINT SOURCES REPRESENTED IN THE WATER QUALITY SUBMODEL: 1975 

a Data are included in this table for only those point sources which were determined to have a discharge which would be significant from a 
quality perspective. Other point source flows and loads reported in Chapter V I I  were found to be insignificant. The flows represent an increase 
in present loadings to reflect industrial growth. In addition, the impact of the existing lower flows was anlayzed, with the results indicating that 
such flows would not be expected to have significant adverse water quality impacts. 

Source: SEWRPC. 

Total 
Dissolved 

Solids 
(mgll) 

336 

251 

Five-Day 
Biochemical 

Oxygen Demand 
(mgll) 

1 .O 

12.0 

Quantity 

1 

3 

Dissolved 
Oxygen 
(mg/I 

7.96 

8.29 

Point Source 
Discharge 
Location 

(Subbasin) 

22 

23 

Chloride 
(mg/l) 

-- 

60 

Water 
Temperature 

(OC) 

2 1 

19 

~ a m e ~  

Ladish Company 

Appleton Electric Company 
Electric Lighting Division 

Appleton Electric Company 
Foundry and 

Bucyrus Erie Company 

Flow 
(cfs) 

1.2 

1.4 



Map 40 

POINT SOURCES INCLUDED IN THE WATER QUALITY SUBMODEL FOR THE OAK CREEK WATERSHED 

LEGEND 

POINT S W R C E  LOCATION 

TOT- AVERAGE MONTHLY POlNT SOURCE i% DISCHAROE FRCM -SIN IN CF5 

Point sources of discharge to Oak Creak and i t s  tributaries are important to succesful hydrolwic-hydraulic-water qualiw modeling since point 
sources account for much of the streamflow and input of potential pollutant$ during low-flow periods. A total of four significant point sources 
were identified in the watershed. 

Source: SEWRPC . . 



Table 68 

LAND SURFACE POLLUTANT LOADING RATES REPRESENTED I N  THE WATER QUALITY SUBMODEL 

a Except fecal coliforrns, which are i n  MFFCCper 100 rnl. 

Hydrologic-Water Qual~ty Land Segment Type 

Source: SEWRPC. 

Meteorological 
Stat~on 

M~lwaukee 

Average Annual Land Surface Loading Rates (mg/l)a 

Impervious Surface 

Hvdrologic-Water Qual~ty Land Segment Type 

ing gage on Oak Creek at 15th Avenue in the City maintained by the U. S. Geological Survey. This 
of South Milwaukee. This streamflow information station is located on Oak Creek at Nicholson 
was supplemented with streamflow information Road and provided data on annual maximum 
obtained at a crest-stage partial-record station also discharges beginning in 1958. 

81ochemical 
Oxygen 

Demand 

0.140 
0.134 
0.140 

0.140 

0.140 

0.103 

0.135 

0.140 

0.140 
0.140 
0.140 
0.285 
0.285 

Meteorolog~cal 
Station 

Milwaukee 

Average Annual Land Surface Load~ng Rates (mg/lla 

Soil 

Type 

Dom~nate 

C 

B~ochemical 
Oxygen 

Demand 

3.896 
0.787 
0.200 

3.896 

0.019 

0.200 

0.010 

0.071 

0.146 
0.460 
0.390 
0.035 
0.035 

Ammonia 
N~trogen 

0.0100 
0.0100 
0.0100 

0.0100 

0.0100 

0.0100 

0.0100 

0.0100 

0.0100 
0.0100 
0.0100 
0.0200 
0.0400 

Soil 

Type 

Dominate 
C 

Impervious 
Category 

Rural 

Low 

Medium 

H ~ g h  

Ammonia 
Nitrogen 

0.0140 
0.0072 
0.0140 

0.0140 

0.0026 

0.0232 

0.0020 

0.0257 

0.0257 
0.2000 
0.200 
0.0257 
0.0514 

Land Use 

Row Crop 
Grain Crop 

Hay 
Vegetable 
and Other 
Agr~cultural 

Other Open 
Land 

Other 
Recreat~on 

Residential 

Residential 

Residential 
Commercial 
Industrial 
H~ghway 
A ~ r f  ~ e l d  

Nitrate 
N~trogen 

0.0150 
0.0150 
0.0150 

0.0175 

0.0150 

0.0040 

0.0490 

0.0490 

0.0490 
0.0150 
0.0150 
0.0300 
0.0600 

Impervious 
Category 

Rural 

Lo w 

Medium 

Hlgh 

Land Use 

Row Crop 
Gra~n  Crop 

Hay 
Vegetable 

and Other 
Agricultural 

Other Open 
Land 

Other 
Recreation 

Resident~al 

Residential 

Residential 
Commercial 
Industrial 
Highway 
Airfield 

Nitrate 
Nitrogen 

0.0196 
0.0039 
0.0010 

0.0196 

0.01 13 

0.0080 

0.0010 

0.0010 

0.0015 
0.0020 
0.0025 
0.0010 
0.0020 

Organic 
Nitrogen 

0.020 
0.020 
0.020 

0.020 

0.020 

0.020 

0.020 

0.020 

0.020 
0.020 
0.020 
0.040 
0.080 

Pervious 

Organic 
Nitrogen 

0.0045 
0.0010 
0.0002 

0.0045 

0.0030 

0.0045 

0.0040 

0.0066 

0.0130 
0.010 
0.0068 
0.040 
0.080 

Phosphate 
Phosphorus 

0.005 
0.005 
0.005 

0.005 

0.005 

0.0068 

0.005 

0.005 

0.005 
0.005 
0.005 
0.005 
0.005 

Surface 

Chloride 

0.300 
0.300 
0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 
0.300 
0.300 
0.300 
0.300 

Phosphate 
Phosphorus 

0.0015 
0.0004 
0.0002 

0.0015 

0.0020 

0.0022 

0.0042 

0.0130 

0.0225 
0.040 
0.030 
0.005 
0.003 

Total 
Dissolved 

Solids 

5.0 
5.0 
5.0 

5.0 

5.5 

5.0 

5.0 

5.0 

5 .O 
4.8 
5.0 
5.0 
5.0 

Chloride 

0.001 
0.001 
0.001 

0.001 

0.006 

0.001 

0.006 

0.300 

0.054 
0.010 
0.008 
0.050 
0.050 

Fecal 
Coliform 

400.00 
400.00 
400.00 

400 .OO 

400.00 

10.00 

400.00 

400.00 

400.00 
400.00 
800.00 
800.00 
800 .OO 

Total 
Dissolved 

Sollds 

10.0 
10.0 
10.0 

10.0 

14.0 

10.0 

12.0 

17.0 

40.0 
40.0 

110.0 
40.0 
40.0 

Fecal 
Coliform 

0.13 
0.13 

50.00 

0.13 

10.00 

10.00 

36.00 

46.00 

95.00 
100.00 
170.00 
800.00 
800.00 
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Flood Stage Data: Information on historic high 
water levels was provided by public officials, 

- - 

consulting engineers, private citizens, and the 
staff of the Regional Planning Commission. This 
information 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 was the stream water 
index site sampling program conducted by 
the Commission in cooperation with the Wis- 
consip 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 determinations were made 
at approximately one-day intervals from Septem- 
ber 7, 1976, to October 5, 1976, at the 15th 
Avenue bridge crossing of Oak Creek in the 
City of South Milwaukee. In addition, 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 deter- 
minations was based on measurements of physi- 
cal, 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 hypothetical watershed development 
conditions, it was necessary to calibrate the 
model-that is, to compare simulation model 
results with actual historic data and, if a signifi- 
cant difference was found, to make parameter 
adjustments so as to adjust the model to the 
specific natural and man-made features of the 
watershed. While the model is general, in that it is 
applicable to a wide range of geographic and 
climatic conditions, its successful application to 
any given water resource system-such as the Oak 
Creek watershed--very much depends on the 
calibration process in which pertinent data on the 
natural resource and man-made features of the 
watershed are used to adapt the model to the 

local conditions. A schematic representation of 
the calibration process as used for the hydrologic- 
hydraulic-water quality modeling in the Oak 
Creek 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 simula- 
tion 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 plan- 
ning process. 

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 management elements of the watershed 
plan. Furthermore, the validity of results from 
the Water Quality Submodel is determined, in 
part, by the quality of the output of the Hydro- 
logic Submodel and Hydraulic Submodel 1. 

Hydrologic-Hydraulic Calibration for the Oak 
Creek Watershed Planning Program Hydrologic 
Submodel and Hydraulic Submodel 1: Meteoro- 
logical 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 22 parameters 
for each of the hydrologic land segment types 
was strongly influenced by parameter values 
established under previous Commission water 
resources-related planning efforts. This was 
feasible since, as noted above, combinations of 
soil type, slope and land use-cover present in the 
Oak Creek watershed are similar to those in 
other watersheds and subwatersheds on which 
calibration work had been previously conducted 
by the Commission staff. 

The Hydrologic Submodel and Hydraulic Sub- 
model 1 were operated during the 20-year period 
from October 1963 through September 1983 for 
the 24.9-square-mile area-91 percent of the total 
area of the watershed-tributary to the continu- 
ous streamflow recording gage on Oak Creek, 
located at 15th Avenue in the City of South 
Milwaukee. The actual calibration interval for 
this operation was the period extending from 
October 1, 1962 through September 30, 1983, 
which allowed a one-year period for model 
initiation and start-up purposes. 



Figure 43 

CALIBRATION PROCESS USED FOR HYDROLOGIC-HYDRAULIC -WATER QUALITY MODELING 
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Figure 44 

RECORDED AND SIMULATED ANNUAL RUNOFF VOLLIMES FOR OAK CREEK 
A T  THE 15TH AVENUE GAGE: OCTOBER 1,1963-SEPTEMBER 30,1983 
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The results obtained in the calibration process 
for the Oak Creek 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 20-year calibration 
period. Simulated annual runoff volumes 
range from 26 percent below to 103 
percent above recorded values. The 
simulated cumulative annual runoff vol- 
ume for the 20-year period is 240.01 
inches, as compared to the 237.69-inch 
cumulative recorded annual runoff vol- 
ume for that same period. In general, 
simulated annual volumes are within 
about 20 percent of the recorded values. 

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 
simulated monthly runoff volumes. 

Recorded and simulated flow duration 
curves based on average daily flows for 
the 20-year period for which recorded 
discharge data are available are shown 
in Figure 46. Each of the two flow 
duration curves indicates the percentage 
of time that specified average daily 
discharges may be expected to be equaled 
or exceeded. The flow duration curves 
based on simulated and recorded dis- 
charges exhibit adequate agreement. 



Figure 45 

LINEAR CORRELATION BETWEEN RECORDED AND 
SIMULATED MONTHLY RUNOFF VOLUMES FOR 

OAK CREEK AT THE 15TH AVENUE GAGE: 
OCTOBER 1,1963-SEPTEMBER 30,1983 
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Source: SEWRPC. 

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 
illustrate the full range of correlations 
between recorded and simulated flows. 
Overall, the recorded and simulated 
hydrographs for rainfall and rainfall- 
snowmelt events occurring during the 
calibration period exhibited generally 
adequate agreement. 

Recorded and simulated peak flow values 
from the two highest runoff events 
occurring each water year since October 
1963 are compared in Figure 48. These 
data are also seen to be grouped about a 
45-degree line, indicating a tendency to 
exhibit the desired one-to-one correlation 
between the recorded and simulated peak 
flow values. An additional line shown in 
Figure 48 represents the line of best fit 
through the points plotted for all the 
selected runoff events. The line closely 
approximates a 45-degree line, which 
suggests that the Hydraulic Submodel, in 

conjunction with the Hydrologic Sub- 
model, is adequately simulating peak 
discharges without significant bias. 

Over-simulation or under-simulation of flood dis- 
charge may be attributable to spatial variations 
in the amount of rainfall occurring over the 
watershed. That is, even though the precipitation 
observation station used to provide input data is 
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 thunder- 
storms, that are significantly different from 
those recorded at the observation station. 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 throughout the watershed 
at exactly the same time at which it begins at the 
observation station. 

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 44-year simula- 
tion period used in the Oak Creek watershed 
study, positive and negative simulation errors 
tend to compensate, thus resulting in a relatively 
uniform frequency distribution of simulated 
annual peak discharges. This simulated frequency 
distribution should closely approximate the 
actual distribution for the 44-year period. There- 
fore, 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 calibra- 
tion of the Hydrologic Submodel and Hydraulic 
Submodel 1 on the Oak Creek watershed, and 
subsequent development of flood discharges as 
discussed earlier in this chapter, Hydraulic Sub- 
model 2 was calibrated against historic flood stage 



Figure 46 

RECORDED AND SIMULATED FLOW DURATION CURVES FOR OAK CREEK 
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Figure 47 

RECORDED AND SIMULATED HYDROGRAPHS FOR OAK CREEK A T  THE 
15TH AVENUE GAGE FOR SELECTED EVENTS: OCTOBER 1964-SEPTEMBER 1983 
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information utilizing the developed flood dis- 
charges. The historic flood inventory described in 
Chapter VI resulted in the acquisition of historic 
high water data for streams in the Oak Creek 
watershed. 

The calibration process involved comparing the 
plotted lo-,  50-, and 100-year flood stage profiles 
obtained using Hydraulic Submodel 2 to historic 
high water marks. The relative position of the 
recorded and simulated flood stages was exam- 
ined for consistency. For example, because the 
1978 flood was determined to be approximately a 
10-year recurrence interval event, a close corre- 
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lation would be expected between existing 
land use-floodland development 10-year recur- 
rence interval flood stage profiles obtained from 
Hydraulic Submodel 2 and actual high water 
marks obtained during or immediately after 
that event. 

In those instances in which an inconsistent 
relationship existed between simulated and 
historic flood stages, the problem was normally 
resolved by an adjustment in the channel or 
floodplain Manning roughness coefficient. In some 
cases, improvements were made in the manner in 
which the channel-floodplain shape or bridge or 
culvert geometry was represented. 
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LINEAR CORRELATION BETWEEN RECORDED 
AND SIMULATED PEAK DISCHARGES FOR 39 

SELECTED RUNOFF EVENTS FOR OAK CREEK AT 
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Water Quality Calibrations on 
the Oak Creek Watershed 
As noted at the beginning of this chapter, water 
quality simulation modeling for the Oak Creek 
watershed was completed under the Commission 
areawide water quality management planning 
program. Under that program, the Water Quality 
Submodel was calibrated, using the results of the 
stream water index sampling program conducted 
under the areawide water quality management 
planning program. The fall calibration period, 
September 7, 1976, to October 6, 1976, provided 
the primary data for calibration of the Water 
Quality Submodel at the sampling station. The 
calibration process consisted of comparison of the 
observed water quality and the model results for 
the sampling location. 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 
reasonableness. 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. 

A comparison of recorded values to  simulated 
values for selected water quality indicators in Oak 
Creek at the 15th Avenue gage for a portion 'of 
the calibration period is presented in Figure 49. 
The comparison indicates that the model yields 
acceptable results with respect to the selected 
indicators shown on the figure. 

SUMMARY 

Quantitative analyses of streamflow and water 
quality conditions under existing and possible 
alternative future conditions is a fundamental 
requirement of any sound comprehensive water- 
shed planning effort. Discharge, stage, and water 
quality at  any point and time within the stream 
system of a watershed are a function of three 
factors: meteorological conditions and events, 
the nature and use of the land, and the charac- 
teristics of the stream system. 

Hydrologic-hydraulic-water quality simulation, 
accomplished with a set of interrelated digital 
computer programs, is an effective way to  con- 
duct the quantitative analysis required for water- 
shed planning. Such a water resource model was 
developed for and used in the Oak Creek water- 
shed planning program. The various submodels 
comprising the model were selected from avail- 
able computer programs so that the composite 
model would meet the watershed study needs as 
specified by seven criteria. The Water Resource 
Simulation Model used in the Oak Creek water- 
shed planning program consists of the following 
four submodels: the Hydrologic Submodel, 
Hydraulic Submodel 1, Hydraulic Submodel 2, 
and the Water Quality 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 
type. A hydrologic land segment type is defined 
as a land drainage unit exhibiting a unique com- 
bination of meteorological characteristics, such 
as precipitation and temperature; land charac- 
teristics, such as the proportion of land surface 
covered by impervious surfaces; soil types; and 
slopes. The submodel, operating on a time inter- 
val of one how or less, continuously and sequen- 
tially maintains a water balance within and 
between the various interrelated hydrological 
processes as they occur with respect to  the land 
segment type. Meteorologic and land data con- 
stitute the two principal types of input for 



Figure 49 

RECORDED AND SIMULATED WATER QUALITY DATA FOR OAK CREEK 
A T  THE 15TH AVENUE GAGE: SEPTEMBER 17,1976-SEPTEMBER 26,1976 

k SEPT 1 7 4  SEPT. 18 SEPT 19 + SEPT. 2 0  SEPT 21 + SEPT 2 2  ---k SEPT. 2 3  & SEPT. 2 4  + SEPT 25  SEPT. 26 4 
DATE AND TlME 

0 
2 4  8 16 24 8 I 6  2 4  8 16 24 8 16 2 4  8 16 24 8 16 2 4  8 16 2 4  8 16 24 8 16 2 4  8 16 24 
k SEPT 1 7 4  SEPT. 18 6 SEPT 19 SEPT. 2 0  & SEPT. 21 & SEPT. 2 2  + SEPT. 2 3  & SEPT 2 4  & SEPT. 25  + SEPT. 26 4 

DATE AND TlME 

2 4  8 16 24 8 I 6  2 4  8 I 6  24 8 16 2 4  8 16 24 8 16 2 4  8 16 2 4  8 16 24 8 16 24 8 16 24 
k- SEPT I?+ SEPT. 18 + SEPT. 19 + SEPT 2 0  A SEPT. 21 SEPT 2 2  4 SEPT. 2 3  & SEPT. 2 4  & SEPT. 2 5  & SEPT. 2 6  4 

DATE AND TlME 



Figure 49 (continued) 
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operation of the Hydrologic Submodel. The key 
output from the submodel consists of a continu- 
ous series of runoff quantities for each hydrologic 
land segment type in the watershed. 

The function of Hydraulic Submodel 1 is to 
accept as input the runoff from the land surface 
as produced 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 continu- 
ous series of discharge values at predetermined 
locations along the rivers and streams of the 
watershed. Application of this submodel requires 
that the stream system be divided into land 
segments, a land segment being either a channel 
reach and its tributary drainage area, or an 
impoundment and its tributary drainage area. 
Input for Hydraulic Submodel 1 consists of a 
stage-discharge-cumulative storage table for 
each land segment, as well as the output from 
the Hydrologic 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 sys- 
tem including channel-floodplain cross-sections, 
Manning roughness coefficients, and complete 
physical descriptions of all hydraulically signifi- 
cant culverts, bridges, and dams. The principal 
output from Hydraulic Submodel 2 consists of 
flood stage profiles, which are used to delineate 
flood hazard areas. 

The Water Quality Submodel simulates the 
time-varying concentration, or levels, of the 
following water quality indicators at selected 
points throughout the surface water system: 
temperature, dissolved oxygen, fecal coliform 
bacteria, phosphate phosphorus, total dissolved 
solids, carbonaceous biochemical oxygen demand, 
ammonia nitrogen, nitrate nitrogen, nitrite 



nitrogen and organic nitrogen. Operating on a 
reach-by-reach basis, the submodel continuously 
determines water quality as a function of reach 
inflow and outflow, dilution, and biochemical 
processes. Input to the Water Quality Submodel 
consists of output from the Hydrologic Sub- 
model, channel data, meteorologic data, and 
nonpoint and point pollution source data. Output 
from the submodel consists of a continuous 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 44 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, as well as data collected under the 
watershed study itself. 

Many of the algorithms incorporated within the 
Water Resource Simulation Model are approxi- 
mations of complex natural phenomena. There- 
fore, before the model could be used to simulate 
hypothetical watershed conditions, it was neces- 
sary to calibrate the model. Calibration consists of 
comparing model results with factual historic data 
and, if significant differences are found, making 
parameter adjustments to adapt the model to the 
effects of the natural and man-made features of the 
planning region and the watershed. The three types 
of validation data available for calibration of the 
simulation model were streamflow 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 Oak Creek at 
15th Avenue in the City of South Milwaukee and 
by comparing simulated stages to historic stages 
available at locations throughout the watershed. 

The Water Quality Submodel was then calibrated 
to the surface water system of the Oak Creek 
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 

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 
encountered during plan implementation. This is 
particularly 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 availa- 
bility 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 
pressure on regional, state, and national water 
resources becomes more intense. For example, the 
Wisconsin Supreme Court in recent years has 
expressly overruled the historic common law 
doctrine on both groundwater' and diffuse surface 
water law: finding the historic doctrines in 
these areas no longer applicable to modern water 
resource problems and conflicts. 

To provide the basis for a careful analysis of 
existing water law in southeastern Wisconsin, a 
survey was undertaken of the legal framework of 

'State v. Michels Pipeline Construction, Inc., 
63 Wis. 2d 278 (1974). 

state v. Deetz, 66 Wis. 2d 1, 224 N. W. 2d 40 7 
(1 9 74). 

public and private water rights affecting water 
resources management, planning, and engineering. 
This undertaking was one of the important work 
elements of the first comprehensive watershed 
planning 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 Technical 
Report No. 2. Water Law in Southeastern Wiscon- 
sin, 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 are set 
forth in SEWRPC Technical Report No. 2 (2nd 
Edition), Water Law in Southeastern Wisconsin. 

This chapter summarizes a portion of the more 
detailed information concerning water law set 
forth in the technical report. For a more detailed 
discussion of water law concepts and principles, 
including legal classifications of water, princi- 
pal divisions of water law, riparian and public 
rights law, and diffuse surface water law, consult 
SEWRPC Technical Report No. 2 (2nd Edition). 
The major purpose of this chapter is to summarize 
the salient legal factors bearing on the water- 
related problems of the Oak Creek 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. 



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. More detailed consideration is given to 
those aspects of water law that relate more specifi- 
cally to  the problems of the Oak Creek watershed, 
including inventory findings on state water regula- 
tory permits and state water pollution abatement 
orders and permits. 

WATER QUALITY MANAGEMENT 

Because the Oak Creek 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 
Oak Creek 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 
private 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 
discharge 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 
consider the environmental impact in the admini- 
stration 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 
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 
and 1977, enacted into law on October 18, 1972, 
and August 8, 1977, respectively. 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 intra- 
state, 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. The 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 developed 
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 man- 
agement 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. 
Environmental 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 interstate and intrastate water use objec- 
tives and supporting water quality standards. These 
objectives and standards as related to  streams and 
watercourses in the Oak Creek watershed are 
discussed below. Under the new federal law, state 
governors are required to hold public hearings 
every three years to review 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 technology. A 1977 amendment to  the 
Act extended this deadline to July 1 ,  1983, and a 
1982 amendment to the Act further extended the 
deadline to 1988 for those communities unable to 
meet the 1983 deadline because of reductions 
in federal funds or other reasons beyond the 
community's control. In addition to these uniform 
or national effluent limitations, the Act provides 
that any waste source must meet any more strin- 
gent effluent limitations as required to implement 
any applicable water use objective and supporting 
standard established pursuant to any st.ate law or 
regulation or any other federal law or regulation. 

Pollutant Discharge Permit System: The Federal 
Water Pollution Control Act, as amended in 1972 
and 1977, establishes a national pollutant discharge 
elimination system. Under this system the EPA 
Administrator, or a state upon approval of the EPA 
Administrator, may issue permits for the discharge 
of any pollutant or 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 conditions 
relating to  data collection and reporting. For 
facilities other than publicly owned treatment 
works, Section 301 of the Act requires for each 
class of point sources the application no later than 
July 1 ,  1983, of the best available technology 
economically achievable which will result in 
reasonable further progress toward the national 
goal of elimination of the discharge of all pollut- 
ants 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 Processes: 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 approval. The Administrator is 
prohibited from approving any state discharge 
permit program under the pollutant discharge 
elimination 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 navig- 
able waters within the state. Such plans must 
include at least the following items: effluent 
limitations and schedules of compliance to meet 
water use objectives and supporting water quality 
standards; the elements of any areawide waste- 
water management plan prepared for metropolitan 
areas; the total maximum daily pollutant load to 
all waters identified by the state for which the 
uniform or national effluent limitations are not 
stringent enough to implement the water use 
objectives and supporting water quality standards; 
adequate procedures for the revision of plans; 



adequate authority for intergovernmental coopera- 
tion; adequate steps for implementation, including 
schedules 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 
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 envisioned largely 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 
Control Act. 

Areawide Waste Treatment Planning and Manage- 
ment: Section 208 of the Federal Water Pollution 
Control Act, as amended in 1972 and 1977, 
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 treat- 
ment 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 problems. 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 pollution 
and the identification of cost-effective measures 
which will abate the pollution from those sources. 
The plans must also identify the appropriate 
"management agency" responsibilities for imple- 
mentation. All areawide waste treatment manage- 

ment plans must be updated annually and certified 
annually by the state governor to  the EPA Admini- 
strator as being consistent with any applicable 
basin plans prepared under the continuing state- 
wide water quality management planning process.3 

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. Follow- 
ing 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 Wiscon- 
sin was used to update, extend, and refine the 
previous studies and plans completed by the 
Commission, and in so doing to meet fully the 
requirements of the Federal Water Pollution 
Control Act. Furthermore, the Commission has 
determined that the water quality plan recom- 
mendations set forth in the adopted Section 208 
regional water quality management planning 
program will be fully integrated into and coordin- 
ated with the recommendations to  be formulated 
under the Oak Creek 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 

The legal requirements are described in more 
detail in Chapter VI of SEWRPC Planning Report 
No. 20, A Regional Water Quality Management 
Plan for Southeastern Wisconsin: 2000, Volume 
One, Inventory Findings. 



be based upon an approved areawide waste treat- 
ment management plan designed to provide for 
control of all point and nonpoint sources of 
pollution. 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 pollutants not recycled; the reclamation of 
wastewater; and the ultimate disposal of any sludge 
in an environmentally 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 sewerage works has been 
set at 75 percent of the construction costs until 
October 1,  1984. From October 1,  1984, and 
thereafter, funding has been set at 55 percent of 
the construction costs provided the Act continues 
to be reauthorized. 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 mainte- 
nance costs of any waste treatment services pro- 
vided. 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 irrevers- 
ible 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 groundwater and 
surface waters of the State. The only substantive 
water quality management authority not located 
in the 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 
Services, Division of Health. Attention in this 
section of the chapter will be focused on those 
specific functions of the DNR which directly 
bear upon water quality management and, hence, 
upon the preparation of those elements of the 
Oak Creek 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 lies entirely within the 
eight-county Southeast District of the Department. 
This section of the statutes also stipulates that the 
Department should formulate plans and programs 
for the prevention and abatement of water pollu- 
tion and for the maintenance and improvement of 
water quality. In addition, Section 144.02 of the 
Wisconsin Statutes authorizes the Department to 
conduct drainage basin surveys. This statutory 
authority enables the Department 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 
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 Control 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 Wiscon- 
sin Administrative Code Chapters NR 102, 103, 
and 104. On October 1, 1976, Administrative 
Code Chapter NR 104 was further revised. The 
Department of Natural Resources is currently in 
the process of revising water use objectives and 
supporting water quality standards in accordance 
with Section 24 of the U.S. Environmental Protec- 
tion Agency 1981 Municipal Wastewater Treat- 
ment Construction Grant Amendments. The results 
and recommendations of this watershed study 
are intended to assist the Department in these 
revisions. 

Water quality standards have been promulgated 
by the Department for the following major water 
uses in southeastern Wisconsin: recreational use, 
public water supply, warmwater fish and aquatic 
life, coldwater fish and aquatic life, intermediate 
fish and aquatic life, and marginal aquatic life. 
In addition, two variance categories--as set forth 
in NR 104.06(2)(a) and NR 104.06(2)(b) of the 
Wisconsin Administrative Code-have been estab- 
lished by the Department within southeastern 
Wisconsin. There are also minimum standards 
which apply to all waters. The existing water use 
objectives for all stream channels studied within 
the Oak Creek watershed are shown on Map 42, 
and applicable water quality standards for all water 
uses designated in southeastern Wisconsin are set 
forth in Table 69. These standards are statements 
of the physical, chemical, and biological charac- 
teristics of the water that must be maintained if 
the water is to be suitable for the specified uses. 
Chapter 144 of the Wisconsin Statutes recognizes 
that different standards 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, propagation of fish and aquatic life and 
wildlife, domestic and recreational purposes and 
agricultural, commercial, industrial and other 
legitimate uses. "4 

Minimum Standards: All surface waters must meet 
certain conditions at all times and under all flow 
conditions. The Wisconsin Administrative Code 
states that: 

"Practices attributable to municipal, industrial, 
commercial, domestic, agricultural, land develop- 
ment or other activities shall be controlled so that 
all waters including the mixing zone and the 
effluent channel meet the following conditions 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. 

(d) Substances in concentrations or combina- 
tions 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 acutely harmful to animal, 
plant or aquatic life." 

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 two conditions are 
satisfied if the water meets the minimum standards 
for all waters as previously described, whereas the 

Wisconsin Statute Section 144.025(2)(b). 

5Wisconsin Administrative Code Chapter NR 
102.02. 



Map 42 

WATER USE OBJECTIVES FOR SURFACE WATERS I N  THE OAK CREEK WATERSHED 
ADOPTED BY THE WISCONSIN NATURAL RESOURCES BOARD: 1982 

LEGEND NOTE: ONR WaTER USE CBECTIVE CL&51FICATIONS m -N ON M ~ S  M ~ P F O R  nLL -ED - COLDWATER FISH AND AQWTtC LlFE 
STEEAMS IN T H E W  CREEK WATERSHED 

STANMRCG RELATED TO THE PROTECTlON 
THE DM) aDOPTEO STANMRCG APPLY TO 

a spnwrr8m sn~~orr#m TO ac MET WEN ALL SURF=< WhTERS oF THE STIITE.AN0 

YiLMONlO SPiMNiNG RV6 IN PROORESS THE WARMWATER F I W E R Y  AND AQmTIC 
LlFE AND RECFtEAT.TIONPL S E  CCmtFICbTlON 
A P R l E S T O  &LL STREAM9 NOT SPECIFICALLY 

.I WLIRWTER FISkEWW M U A T I C  LIFE. OESIONATED OTHERW15E 
RECREATlONAL mE,m MlNlMVM S T A r n C G  

Water use objactiver and supporting water quality standards for all rurface waters in the Oak Creek watershed are established by  the Wisconsin 
Department of Natural Resources and are reviewed and revised, ar appropriate, at least every three years under the provision of the Federal 
Water Pollution Control Act, as amended. I n  accordance with the national goal of having water quality suitable for "protection and propaga- 
t ion of fish, shellfish, and wildlife and . . . for recreation in and on the water," all of the streams within the Oak Creek watershed, w i th  the 
exception of the estuary, are presently designated for maintenance of warmwater fish and aquatic life and for recreational use. The Oak Creek 
estuary is designated for the maintenance o f  a spawning salmunid fishery and aquatic life, and for recreational "*.The existing DNR water 
use objectives shown a b v e  served as a point of departure for the development o f  the water use objectives and supporting water quality rtan- 
dards recommended in the Commission's areawide water quality management planning program, the results of which constitute the basic water 
quality management elements o f  the Oak Creek watershed plan. The SEWRPC-recommended water use obiectives and supporting standards 
which were used in the development of the comprehensive plan for the Oak Creek watershed are ret forth on Map 44 and in Table 77 in  Chap- 
ter X o f  this report. 

Souice: SEWRPC. 265 



Table 69 
I 

EXISTING DEPARTMENT OF NATURAL RESOURCES WATER USE OBJECTIVES AND WATER QUALITY 1 
STANDARDS FOR SURFACE WATERS IN  THE SOUTHEASTERN WISCONSIN REGION: 1982 

Water Quality Parameter 

Maximum Temperature (OF)'. 

pH Range (S. U.) . . . . . . . .  

Minimum Dissolved 
Oxygen (mg11). . . . . . . . .  

Maximum Fecal Coliform 
(counts per 100 ml) . . . . . .  

Maximum Total Residual 
Chlorine (mgll) . . . . . . . .  

Maximum Un-ionized 
Ammonia-Nitrogen (mgll) . . 

Total Ammonia 

Nitrogen (mg/l) . . . . . . . .  

Maximum Total Dissolved 
Solids (mgll) . . . . . . . . . .  

Other. . . . . . . . . . . . . . .  

Water Quality Parameter 

Maximum Temperature (OF)'. 

PH flange (s. u.) . . . . . . . .  

Miniinun~ Dissolved 
Oxygen (mg11) . . . . . . . . .  

Maximum Fecal Coliform 
(counts per 100 mi).  . . . . .  

Maximum Total Residual 
Chlorine (mgll) . . . . . . . .  

Maximum Un-ionized 
Ammonia-Nitrogen (mgll) . . 

Total Ammonia 
Nitrogen (mgll) . . . . . . . .  

Maximum Total Dissolved 
Solids (mgll) . . . . . . . . . .  

Other. . . . . . . . . . . . . . .  

Recreational . 
Use 

200-400g 

Variance 
NR104.06 
(2)(a) and 
Minimum 

standardsa 

8gbfe 

6.0-9.0f 

2.0e 

1,000-2,000~ 

0.01 

0.04 

n 

Variance 
NR104.06 

(2)la) 

8gbee 

6.0-9.0~ 

2.0e 

1 ,000-2,000h 

0.01 

0.04 

n 

Variance 
NR104.06 
(2)(b) and 
Minimum 

standardsa 

8gb,cre 

6.0-9.0f 

2.0e 

1,000~ 

0.01 

0.04 

n 

Individual 

Variance 
NR104.06 

(2)(b) 

8gb,c,e 

6.0-9.0f 

2.0e 

1,000~ 

0.01 

0.04 

n 

Combinations of 

Marginal 
Aquatic Life, 

Recreational Use, 
and Minimum 
standardsa 

89b'e 

6.0-9.0~ 

I .oe 

200-400g 

0.5 

0.04 

n 

Water Use 

Public 
Water 
Supply 

200-400g 

500.750~ 

I 

Water Use Objectives 

Intermediate Fish 
and Aquatic Life, 
Recreational Use. 

and Minimum 
standardsa 

8gbee 

6.0-9.0~ 

3.0e 

200-400g 

0.5 

316~ 

n 

Objectives Applicable 

Warmwater 
Fish and 
Aquatic 

Life 

89b'e 

6.0-9.0f 

5.0e 

0.01 

0.04 

-- 

n 

Applicable to Surface 

Warmwater Fish 
and Aquatic Life, 
Recreational Use. 

and Minimum 
standardsa 

8gbee 

6.0-9.0~ 

5.0e 

200-400g 

0.01 

0.04 

n 

to Surface 

Coldwater 
Fish and 
Aquatic 

Life 

--bad$ 

6.0-9.0f 

6.0e 

0.002 

0.02 

..m.n 

Waters 

Coldwater Fish 
and Aquatic Life, 
Recreational Use, 

and Minimum 
standard? 

-.b.d.e 

6.0-9.0~ 

6.0e 

200-400g 

0.002 

0.02 

-.m.n 

Waters 

lntermediate 
Fish and 

Aquatic ~ i f e ~  

89b,e 

6.0-9.0f 

3.0e 

0.5 

316~ 

n 

Coldwater Fish 
and Aquatic Life 
Recreational Use, 

Public Water 
Supply and Mini- 
mum standardsa 

..b.d .e 

6.0-9.0~ 

6.0e 

200-400g 

0.002 

0.02 

500-750k 

..l.m.n 

Marginal 
Aquatic 

~ i f e '  

89b,e 

6.0-9.0f 

1 .oe 

200-400g 

0.5 

0.04 

n 

Minimum 
standardsa 

- 



Table 69 (continued) 

a ~ l l  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 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. 

b ~ h e r e  shall be no temperature changes that may adversely affect aquatic life. Natural daily and seasonal temperature fluctuations shall be maintained. The maxi- 
mum temperature rise at the edge of the mixing zone above the existing natural temperature shall not exceed PF for streams and ?F for lakes. 

C ~ a x i m u m  temperatures shall not exceed 8g°F at any time at the edge of mixing zones established by the Department of Natural Resources under NR102.03(4). 

d ~ h e r e  shall be no significant artificial increases in temperature where natural trout or salmon reproduction is to be protected. Dissolved oxygen shall not be low- 
ered to less than 7.0 mg/l during the trout spawning season. The dissolved oxygen in the Great Lakes tributaries used by salmonids for spawning runs shall not be 
lowered below natural background levels during the period of habitation. 

e~issolved oxygen and temperature standards apply to streams and the epilimnion of stratified lakes and to unstratified lakes; the dissolved oxygen standard does 
not apply to the hypolimnion of stratified inland 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. 

f ~ h e  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. 

g ~ h a l l  not exceed a monthly geometric mean of 200 counts per 100 ml based on not fewer than five samples per month, nor a monthly geometric mean of 400 
counts per 100 ml in more than 10 percent of aN samples during any month. 

h ~ h a l l  not exceed a monthly geometric mean of 1,000 counts per 100 ml based on not fewer than five samples Per month, nor a monthly Wmet r i c  mean of 2,000 
counts per 100 ml in more than 10 percent of all samples during any month. 

'shall not exceed a monthly geometric mean of 1,000 counts per 100 ml based on not fewer than five samples per month. 

' ~ m m o n i a  nitrogen (as N)  at all points in the receiving water shall not be greater than 3 mg/l during warm temperature conditions, nor greater than 6 mg/l during 
cold temperatures to minimize the zone of toxicity and to reduce dissolved oxygen depletion caused by oxidation of  the ammonia. 

k ~ o t  to exceed 500 mg/l as a monthly average, nor 750 mg/l at any time. 

'The intake water supply shall be such that, by appropriate treatment and adequate safeguards, i t  will meet the established drinking water standards. 

m 
Streams classified as trout waters by the DNR (Wisconsin Trout Streams, publication 213.72) shall not be altered from natural background conditions by effluents 

that influence the stream environment to such an extent that trout populations are adversely affected. 

"~nauthorized concentrations of substances are not permitted that alone or in combination wtih 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: Quality Criteria for Water, EPA440/9-76003, U. S. Environmental Protection Agency, Washington, D. C., 1976; Water Quality 
Criteria 1972, EPA-R3-003, National Academy of Sciences, National Academy of Engineering, U. S. Government Printing Office, Washington, D. C., 1974;and the 
Federal Register, "Environmental Protection Agency, Water Quality Criteria Documents; Availability," November 28, 1980. Questions concerning the permissible 
levels, or changes in the same, of a substance, or combination of substances, or undefined toxicity to fish and other biota shall be resolved in accordance with the 
methods specified in Water Quality Criteria 1972 and Standard Methods for the Examination of Water and Wastewater, 14th Edition, American Public Health 
Association, New York, 1975, or other methods approved by the Department of Natural Resources, 

O~ake  Michigan thermal discharge standards, which are intended to minimize the effects on aquatic biota, apply to facilities discharging heated water directly 
to Lake Michigan, excluding that from municipal waste and water treatment plants and vessels or ships. Such discharges shall not raise the temperature of Lake 
Michigan at the boundary of the mixing zone established by the Department of Natural Resouces by more than ?F and, except for the Milwaukee Outer Harbor, 
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 4 5 0 ~  July, August, September 8o0F 
April 5 5 0 ~  October 6 5 0 ~  
May 60°F November 60° F 
June 70° F December 50°F 

After a review of the ecological and environmental impact of thermal discharges in excess of a daily awrage of 500 million British thermal units IBTUsI per hour, 
mixing zones are established by the Department of Natural Resources. Any plant or facility for which the construction 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 require- 
ments of the Federal Water Pollution Control Act Amendments of 1972 and 1977, or regulations promulgated thereto. 

Plncludes all effluent channels used predominantly for waste carriage and assimilation, wetlands, and diffuse surface waters, and includes selected continuous and 
noncontinuous streams as specified by the DNR on the basis of field surveys and identified as "marginal surface waters."(See Wisconsin Administrative Code, 
Chapter NR 104.02(3)(b).) 

qlncludes selected continuous and noncontinuous streams as specified by the DNR on the basis of field surveys and identified as "surface waters not supporring a 
balanced aquatic community (intermediate aquatic life). " (See Wisconsin Administrative Code, Chapter NR 104.02(31(a).) 

Source: Wisconsin Department of Natural Resources. 



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. 

Variances NR 104.06(2)(a) and NR 104.06(2)(b): 
These variance categories apply to streams for 
restricted use downstream from an area of intense 
urban development or where wastewater has a 
predominant influence. The significant charac- 
teristics of these categories are a maximum fecal 
coliform level of 1,000 counts per 100 milliliters 
(ml) based on no fewer than five samples per 
month, or of 2,000 counts 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 (mg/l). The 2,000 counts per 
100 ml maximum standard for fecal coliform 
organisms does not, however, apply to variance 
category NR 104.06(2)(b). The variance cate- 
gories are used to signify conditions which may 
be hazardous to health upon whole or partial 
body contact. 

,Public Water Supply: The principal criterion of 
quality standards for raw water intended to be 
ised 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 Department 
standards for raw water to be used for water 
supply include maximum limits on dissolved solids 
and fecal coliform. 

Warmwater Fish and Aquatic Life: As indicated in 
Table 69, this objective is intended to result in 
water quality conditions adequate to support the 
maintenance of warmwater fish and aquatic life. 
The most significant standards supporting this 
category are an 89' F maximum temperature and a 
minimum dissolved oxygen level of 5.0 mg/l. 

Coldwater Fish and Aquatic Life: Standards for 
water to be used for the preservation and enhance- 
ment of coldwater 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 Department standards for the maintenance of 
coldwater fish and aquatic life are set forth in 

Table 69. This category requires that no significant 
artificial temperature increases be exhibited where 
natural trout reproduction occurs, and requires a 
minimum dissolved oxygen level of 7.0 mg/l during 
the spawning season. 

Intermediate Fish and Aquatic Life: This water 
use objective is applied to streams which do not 
support a balanced aquatic community. This 
intermediate fish and aquatic life objective is one 
of the variance categories provided by Wisconsin 
Administrative Code NR 104.02(3). The most 
significant standards supporting this objective are a 
maximum temperature of 89'F and a minimum 
dissolved oxygen level of 3.0 mg/l. 

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 protected. The most significant standards 
supporting this objective, as shown in Table 69, are 
a maximum temperature of 89O F and a minimum 
dissolved oxygen level of 1.0 mg/l. 

Application of the Water Use Objectives to  the Oak 
Creek Watershed: The application of the nine basic 
categories of water use objectives require specifica- - 
tion 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 compliance with the support- 
ing 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-day mean low 
flow expected to occur once on the average of 
every 10 years. That is, for a given water use 
objective, the stream water quality is to  be such as 
to satisfy the supporting standards for all strearn- 
flow conditions at or above the 7 day-10 year 
low flow. 

The water use objectives established in 1982 by the 
Wisconsin Department of Natural Resources for 
the surface waters of the Oak Creek watershed are 
recreational use, maintenance of warmwater fish 
and aquatic life, and minimum standards. In 
addition, coldwater fish and aquatic life standards 
for the protection of spawning salmonids are to be 
met in the Oak Creek estuary when salmonid 
spawning runs are in progress. The established 
water use objectives apply to all perennial streams 
in the watershed, which include the main stem 
of Oak Creek, the North Branch of Oak Creek, 
and the Mitchell Field drainage ditch. The state- 



adopted water use objectives are identical to 
the Regional Planning Commission-recommended 
objectives except regarding the Oak Creek estuary; 
the Commission recommends further study in 
order to determine water use objectives for the 
estuary. 

Water Pollution Abatement Programs: Section 
144.24 of the Wisconsin Statutes authorizes the 
Wisconsin Department of Natural Resources to 
provide financial assistance for the construction of 
point source pollution abatement facilities neces- 
sary for the protection of state waters. Under this 
program, communities can receive up to 60 percent 
of the construction costs of eligible projects 
for which the planning and design have been 
completed, but which are unable to obtain a 
federal construction grant. This program also 
provides funds for the replacement or rehabilita- 
tion of private and small commercial onsite septic 
systems. The state grant for such projects is limited 
to $3,000 for each residence or small commercial 
establishment served, or to 60 percent of the 
total project cost, whichever is less. As a condition 
for obtaining a grant under this program, the 
government unit responsible for the regulation of 
onsite private sewage treatment systems must 
submit an application for participation to the 
Wisconsin Department of Natural Resources. In the 
Oak Creek watershed, only the City of Franklin 
has completed this application procedure, and 
residents in Franklin are thus eligible to receive 
state funding in partial support of septic tank 
system rehabilitation. 

Section 144.25 of the Wisconsin Statutes author- 
izes the Department of Natural Resources to 
provide financial assistance for the control of 
nonpoint sources of pollution. Under this program, 
priority watersheds are identified on the basis of 
the need and local support for nonpoint source 
water pollution abatement to achieve water quality 
objectives and supporting water quality standards. 
A plan is prepared for the selected watersheds 
which identifies the nonpoint source projects 
which will be eligible for state funding. Individual 
projects, termed local priority projects, can also be 
funded outside the priority watersheds when 
judged to be effective nonpoint source pollution 
control projects. State funding ranges from 50 
to 70 percent of the total project capital cost, 
depending upon the type of project. In the Oak 
Creek watershed, state funds were granted to the 
Milwaukee County Department of Parks, Recrea- 
tion and Culture in 1981, 1982, and 1983 under 

the local priority project program for stream bank 
erosion protection measures in the Oak Creek 
Parkway through the City of South Milwaukee. 

Water Pollution Abatement Orders: Section 
144.025(2)(c) of the Wisconsin Statutes authorizes . . .  . 
the Department of Natural Resources to issue 
general orders applicable throughout the State to 
the construction, installation, use, and operation of 
systems, methods, and means for preventing and 
abating water pollution. This section also stipulates 
that the Department may adopt specific rules for 
the installation of water pollution abatement 
systems. Pursuant to this authority, the Depart- 
ment has adopted requirements for sewage disposal 
in Chapter NR 108 of the Wisconsin Administra- 
tive Code and for the design and operation of 
sewerage systems in Chapter NR 110 of the Code. 

Section 144.025(2)(d) of the Wisconsin Statutes 
authorizes the Department to issue special pollu- 
tion abatement orders directing particular 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. Such orders may prescribe a 
specific time for compliance with provisions of the 
order. Such orders are directed not only at munici- 
pal units of government that operate sewage 
treatment plants but also at private corporations 
and individuals who in any way discharge wastes to 
the surface waters or groundwaters of the State. 
The Department has the power to make such 
investigations and inspections as are necessary to 
ensure compliance with any pollution abatement 
orders which it issues. In cases of noncompliance, 
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 pollutfon abatement orders by the Depart- 
ment, since such permits contain specified perform- 
ance and operating standards. 

Effluent Reporting and Monitoring System: 
Section 144.54 of the Wisconsin Statutes directs 
the Department of Natural Resources to require by 
rule that persons discharging industrial wastes, 
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 NR 101 of the Wisconsin Admini- 
strative Code setting forth specific rules by which 
the reporting and monitoring program is to be 
conducted. Of particular importance to water 
quality management are the effluent reports 
required in this 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, 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 the 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 
pollutant discharge permit system was established 
by the Wisconsin Legislature in direct response to  
the requirements of the Federal Water Pollution 
Control Act of 1972. While the federal law envi- 
sioned 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 the 
State and, additionally, to land areas where pollut- 
ants may percolate or seep to, or be leached to, I 
groundwater. Rules relating to the pollutant 
discharge elimination system are set forth in 
Chapter NR 200 of the Wisconsin Administra- 1 
tive Code. 

I 

The following types of discharges require permits: I 
1. The direct discharge of any pollutant to 

any surface water. I 
2. The discharge of any pollutant, including 

cooling waters, to any surface water through 
any storm sewer system not discharging to I 

I 

publicly owned treatment works. 

3. The discharge of pollutants other than from 
agricultural uses for the purpose of disposal, I 
treatment, or containment on land areas, 
including land disposal systems such as ridge 
and furrow, irrigation, and ponding systems. I 

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 Admini- 
strative Code, and the disposal of solid wastes, 
including 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 Pollutant 
Discharge Elimination 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 schedule of compliance setting forth dates by 
which various stages of the requirements imposed 
by the permit shall be achieved. It is envisioned 
that the water quality management plans prepared 
pursuant to the terms of the Federal Water Pollu- 
tion Control Act will be fully reflected in the 
permits issued under the pollutant discharge 
elimination system. As such, the pollutant dis- 
charge permit system is a major vehicle for achieve- 
ment of the basic goal of meeting the water use 
objectives for the receiving waters. 



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 installation 
of private septic tank sewage disposal systems. 
Such systems often contribute to the pollution of 
surface water and groundwater. Pursuant to 
Chapter 236 of the Wisconsin Statutes, the Divi- 
sion 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 plat 
layout. The Division has promulgated regulations 
governing lot size and elevation in Chapter H-65 of 
the Wisconsin Administrative Code. Basic regula- 
tions governing the installation of septic tank 
systems are set forth in Chapter H-62 of the Wis- 
consin Administrative Code. The Wisconsin Depart- 
ment of Natural Resources, however, must approve 
the provisions of the state plumbing code which 
sets specifications for septic tank systems and their 
installation. The Department also may prohibit the 
installation or use of septic tanks in any area of the 
State where, based on Department findings, the use 
of septic tanks would impair water quality. All 
septic tanks in the State must be registered by per- 
mit pursuant to Section 144.03 of the Wisconsin 
Statutes. 

Wisconsin Environmental Policy Act: In April 
1972, the Wisconsin Legislature created Section 
1.11 bf the Wisconsin statutes concerning govern- 
mental 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 legisla- 
tion, all agencies of the State must include a 
detailed environmental impact statement in every 
recommendation or report on proposals for leg- 
islation or other major actions which would 
significantly affect the quality of the human 
environment. The required contents of this state- 
ment parallel the contents required in the federal 
environmental impact statements. The effect of 
the State legislation 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 ordi- 
nance any condition or set of circumstances 
bearing upon the health, safety, and welfare of the 

community. Presumably, the water quality of a 
receiving 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. 

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 
provide an effective vehicle for the enactment of 
countywide regulations designed, in part, to 
prevent 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 
providing broad grant of authority to general- 
purposeunits of local government, the ~csconsin 
Statutes currently 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) metro- 
politan sewerage districts; 2) utility districts; 
3) joint sewerage systems; and 4) cooperative 
action by contract. 

Milwaukee Metropolitan Sewerage District: The 
Milwaukee Metropolitan Sewerage District was 
established under the provisions of Section 59.96 
of the Wisconsin Statutes. Until April 1982, it 
operated under the direction of the Sewerage 
Commission of the City of Milwaukee, which was 
established pursuant to Chapter 608, Laws of 
Wisconsin 1913, and the Metropolitan Sewerage 
Commission of the County of Milwaukee, which 
operated and existed pursuant to the provisions of 
Section 59.96 of the Wisconsin Statutes. In 1982, 
this two-commission arrangement was replaced 



with a single commission established under the pro- 
visions of Sections 66.88 through 66.918 of the 
Wisconsin Statutes. This legislation made the 
District a special-purpose unit of government with 
independent tax authority administered by an 
11-member commission, the Milwaukee Metro- 
politan Sewerage Commission. 

The District has the power to plan and construct 
treatment plants, main sewers,and pumping works 
for the collection, transmission, and treatment of 
house, industrial, and other sanitary sewage. The 
District has the power to promulgate and enforce 
reasonable rules for the supervision, protection, 
management, and use of the entire sewerage 
system. The District may also improve any water- 
course within the District and any watercourse 
outside the District which flows from within the 
District by deepening, widening, or otherwise 
changing the same where, in the judgment of the 
commission, it may be necessary to carry off 
surface or drainage waters. In the case where 
the District improves a watercourse outside the 
District, it may contract with the local units of 
government that own or control the land through 
which that watercourse flows for payment of that 
part of the cost of the improvements outside the 
District. This watercourse improvement work is 
subject to the issuance of a permit by the Wis- 
consin Department of Natural Resources under 
Section 30.20 of the Wisconsin Statutes. In addi- 
tion to improving watercourses, the District may 
design, construct, and maintain storm sewers and 
other drainage facilities. 

Prior to 1984, the District included all of the cities 
and villages within the County of Milwaukee 
except the City of South Milwaukee, which elected 
not to become part of the District. During 1984, 
the Milwaukee Metropolitan Sewerage District 
took the steps necessary to remove certain areas 
in the southern portions of the cities of Oak Creek 
and Franklin from the District, as shown on 
Map 43. Those areas were removed which are not 
expected to be provided with public sanitary sewer 
service within a 10-year planning period. Through 
its Commission, the District may from time to 
time again add portions or all of these areas to 
the District. 

Also through its Commission, the District may 
enter into contracts with municipalities in the same 
general drainage areas and adjacent to the District 
to furnish sanitary sewer service to those munici- 
palities. The term "same general drainage area" has 
been defined by the Commission to include all of 
the Kinnickinnic, Menomonee, and Milwaukee 

River and Oak Creek watersheds and those por- 
tions of the Root River watershed draining into 
Milwaukee County. The Commission has the power 
to inspect all sewers and sewerage systems which 
drain into the District's main or intercepting 
sewers. Furthermore, it has the power to require 
any town, city, or village or the occupant of any 
premises engaged in discharging sewage effluent 
from sewage plants, sewage refuse, factory wastes, 
or other materials into any river or canal within 
Milwaukee County and within the drainage area to 
change or rebuild any such outlet, drain, or sewer 
so that the sewage waste or trade waste discharges 
into the sewers of said town, city, or village or 
into the main or intercepting sewers owned by 
the District. 

With regard to watercourse improvements, the 
District, through its Commission and predecessor 
agency, has engaged in a broad program of improv- 
ing watercourses by widening, deepening, or 
otherwise changing watercourses so as to accom- 
modate the expected flow of stormwaters and 
surface drainage waters from the area within 
the District and from the areas surrounding the 
District. In connection with this work, unauthor- 
ized waste discharges to watercourses may be 
uncovered and eliminated, thus reducing the 
discharge of objectionable materials into the rivers 
and streams in Milwaukee County, as well as 
providing greater capacity for such streams and 
rivers and providing for more rapid and efficient 
runoff of stormwaters and drain waters. 

While there are statutory provisions for the crea- 
tion of other kinds of metropolitan sewerage 
districts outside Milwaukee County, and while such 
provisions have importance in other watersheds of 
the Southeastern Wisconsin Region, such provi- 
sions have no practical importance in the Oak 
Creek watershed because of the existing authority 
of the Milwaukee Metropolitan Sewerage District 
and the City of South Mlwaukee relative to the 
provision of sewage treatment. Accordingly, from a 
practical point of view, metropolitan sewerage 
districts other than the Milwaukee Metropolitan 
Sewerage District are not of significance to the 
implementation of the areawide water quality 
management plan in the Oak Creek watershed or to 
the Oak Creek watershed plan itself. 

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 
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planning per id .  Some or all of these areas may again be added to the District as sewer service is extended into there areas. 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 
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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. 
There are no known utility districts existing in the 
Oak Creek watershed as of 1984. 

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 districts, 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 judicial review in the 
circuit court of the county of the governmental 
unit furnishing the service. As an alternative, the 
jointly acting governmental units may create a 
sewerage commission to plan, construct, and 
maintain in the area sewerage facilities for the 
collection, transmission, and treatment of sewage. 
Such a commission becomes a municipal corpora- 
tion 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 commission are subject to approval 
by the governing 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 the same may be 
taken to the circuit court of the county in which 
the aggrieved governmental unit is located. There 
were no joint sewerage systems in the Oak Creek 
watershed as of 1984, and given the governmental 
structure in the watershed none are likely to be 
needed or created in the future. 

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 commission by contract. Appendix A of 
SEWRPC Technical Report No. 6, Planning Law in 
Southeastern Wisconsin, contains a model agree- 
ment creating such a cooperative contract commis- 
sion. 

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 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 sub- 
division, and sanitary regulations in shoreland areas 
include the maintenance of safe and healthful 
conditions in riverine areas; the prevention and 
control of water pollution; the protection of 
spawning grounds, fish, and aquatic life; the 
control of building sites, placement of structures, 
and land use; and the preservation of shore cover 
and natural beauty. A more complete discussion of 
local shoreland regulatory is contained in 
SEWRPC Planning Guide No. 5, Floodland and 
Shoreland Development. 

Private Steps for Water Pollution Control 
The foregoing discussion deals exclusively with the 
water control machinery available to 
units and agencies of government. However, direct 
action may also be taken by private individuals or 
organizations to effectively abate water po!lution. 
There are two legal categories of private individuals 



who can seek direct action for water pollution 
control: 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 federal, 
state, or local pollution control efforts from 
attempting to assert their common law rights in 
courts. The court may ask the Wisconsin Depart- 
ment of Natural Resources to act as its master in 
chancery, especially where unbiased technical 
evidence is necessary to determine the rights of 
litigants. A master in chancery or a "master in 
litigation" is a person or agency which is brought 
in as a court technical expert to supply expertise 
on a particular issue or topic. 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 the rights of riparians. The Wiscon- 
sin Supreme Court set forth a potentially far- 
reaching conclusion in Muench v. Public Service 
commission6 when it concluded that: 

The rights of the citizens of the state to enjoy 
our navigable streams for recreational pur- 
poses, 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 of 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 enables six or more citizens, 
whether riparian or not, to file a complaint leading 
to a full-scale public hearing by the Department of 
Natural Resources on alleged or potential acts of 
pollution. In addition, a review of Department 
orders may be had pursuant to Section 144.56 of 
the Wisconsin Statutes by "any owner or other 
person in interest." This review contemplates 
eventual court determination under Chapter 227 of 
the Wisconsin Statutes when necessary. The 
phrase "or other person" makes it clear that 
nonriparians may ask for 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 
against any person, including any governmental 
agency, alleged to be in violation of any effluent 
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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. When issuing fmal orders in any action 
under this section the courts may award the costs 
of litigation to any party. 

FLOODLAND REGULATION AND 
CONSTRUCTION OF FLOOD 
CONTROL FACILITIES 

Effective abatement of flooding can be achieved 
only through 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, however, it becomes increasingly 
necessary to develop an integrated program of land 
use regulation of the floodlands within the entire 
watershed to supplement required water control 
facilities if efforts to provide such facilities are not 
to be self-defeating. 

Definition of Floodlands 
The precise delineation of floodlands is essential to 
the sound, effective, and legal administration of 
floodland regulation. This is particularly true in 
rapidly urbanizing areas such as the Oak Creek 
watershed. A precise definition of floodlands is not 
found in the Wisconsin Statutes. Section 87.30(1) 
speaks only of those areas within a stream valley 
within which "serious (flood) damage may occur" 
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. 

present (see Figure 50). Under natural conditions, 
the floodlands 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 eleva- 
tion or stage. Thus, an infinite number of outer 
limits of the natural floodplain may be delineated, 
with each delineation relating to a corresponding 
specified flood recurrence interval. The Commis- 
sion has, therefore, recommended that the natural 

Figure 50 
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floodplains of a river or stream be specifically 
defined as those being confined to a flood having a 
1 percent chance of occurring in any given year. 

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 
Chapter NR 116 of the Wisconsin Administra- 
tive 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. Condi- 
tions permitting an ideal approach to floodland 
regulation, however, generally occur only in rural 
areas. In areas which have already been developed 
for intensive urban use without proper recogni- 
tion of the flood hazard, a practical regulatory 
approach must embrace the concept of a floodway. 
A floodway 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 downstream stage increases allowed, gener- 
ally 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 per- 
missible only when supported 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 
specified 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 
regulatory 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 
floodplain fringe usually includes many buildings 
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 Oak Creek watershed study 
for Oak Creek and its major tributaries. 

Principles of Floodland Regulation 
Certain legal principles must be recognized in the 
development of land use regulations designed to 
implement a comprehensive watershed plan. With 
respect to the floodland areas of the watershed, 
these are as follows: 

1. Sound floodland regulation must recognize 
that the flood hazard is not uniform over the 
entire floodland area. Restrictions and 
prohibitions 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 regulation 
may contemplate permitting certain build- 
ings and structures at appropriate locations 
in the floodplain fringe. Any such struc- 
tures, 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 
sanitary codes. 

Land Use Regulations in Floodlands 
Based upon the above principles and the definition 
of floodplains, the Commission has proposed that 
the local units of government within the Region 
utilize a variety of land use controls to effect 
proper floodland development. The use of these 
controls is discussed in SEWRPC Planning Guide 
No. 5, Floodland and Shoreland ~ e v e l o ~ m e n t ,  
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 30.1 1,  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 line, 
consistent with the appropriate floodway 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 navig- 
able water unless a Wisconsin Department 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 charac- 
teristics 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 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 
pursuant to Section 87.30 of the Wisconsin Stat- 
utes. In addition, with the advent of the federal 
flood insurance program, the enactment of flood- 
land regulation in Wisconsin is further governed by 
rules promulgated by the Federal Emergency 
Management Agency (FEMA). In essence, flood- 
land regulation in Wisconsin is a partnership 
between the local, state, and federal levels of 
government. 

State Floodplain Management Program: The 
Wisconsin Legislature long ago recognized that the 
regulation of stream channel encroachments was an 
areawide problem transcending county and munici- 
pal boundaries and, therefore, provided for state 
regulation. However, 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 directs 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 by the State from the county, 
city, or village. Chapter NR 116 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 
Wisconsin 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 
agencies directly responsible for new con- 
struction of state facilities, including build- 
ings, roads, and other facilities, are required 
to evaluate existing and potential flood 
hazards associated with such construction 
activities. 

All state agencies that are responsible for the 
review and approval of subdivision plats, 
buildings, structures, roads, and other 
facilities are required to evaluate the existing 
or potential flood hazards associated with 
such construction activities. 

4. In its license review, suspension, and revoca- 
tion 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 highway 
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 Federal Emergency 
Management Agency (FEMA). FEMA 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 situated in natural floodland areas. The Act 
provided for the establishment of a national flood 
insurance fund, part of which would be established 
by congressional 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 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 FEMA that 
it wishes to participate in the program, FEMA 
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 insur- 
ance studies build upon and at times supplement 
the flood hazard data made available by the 
Regional Planning Commission under the compre- 
hensive watershed planning programs. When the 
federal studies are completed, FEMA publishes a 
flood hazard boundary map or maps which iden- 
tify 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 FEMA. Such rates can be 
federally subsidized if the actuarial rates are such 
that widespread participation in the program 
would be unlikely. For its part, the community 
must enact land use controls which meet federal 
standards for floodland protection and develop- 
ment. For all practical purposes, once a com- 
munity enacts floodland regulations that meet the 
state requirements set forth in Chapter NR 116 of 
the Wisconsin Administrative 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 
subsidized 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 pur- 
chaser acquires a mortgage through a federally 
supervised lending institution. 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 concerning 
floodplain management. Appropriate federal agen- 
cies were directed to accomplish the following 
tasks: 

1. Evaluate the potential effects of any actions 
the agency may take in a floodplain; 

2. Ensure that the agency's planning program. 
and budget requests reflect consideration of 1 
flood hazards and floodplain management; 

3. Identify any proposed action to take place ~ 
in a floodplain in any new requests for 
appropriations from the Office of Manage- 
ment and Budget; I 

I 

4. Consider floodplain management when for- 
mulating or evaluating any water resource 
use appropriate to the degree of hazard 1 
involved; and 

5. Issue new or amend existing regulations to I 
comply with the Executive Order. ! 

The Executive Order was issued in furtherance of 
the National Environmental Policy Act of 1969, 
the National Flood Insurance Act of 1968, and the 
Federal Flood Disaster Protection Act of 1973. 

i 
Construction of Flood Control Facilities I 

Sound physical planning principles dictate that a 
watershed be studied in its entirety if practical I 

solutions are to be found to water-related prob- 1 
lems, and that plans and plan implementation 
programs, including the construction of flood I 
control facilities, be formulated to deal with the 
interrelated problems of the watershed as a whole. 
A watershed, however, typically is divided in a 
most haphazard fashion by a complex of man- 1 
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 
physical area-within which any one particular arm 
of local government may act. 

With respect to the Oak Creek watershed, this 
limitation may be overcome by delegation of the 
planning tasks to SEWRPC and attendant designa- 
tion of the plan implementation tasks to various 
existing units of government. The Milwaukee 
Metropolitan Sewerage District, as already noted, 
has the authority to construct flood control 
facilities throughout the District and on water- 
courses which flow from within the District and, 
therefore, may make improvements to Oak Creek 
through the City of South Milwaukee. Such 
improvements may include deepening, widening, 
or other changes which in the judgment of the 
Commission are necessary to properly carry off 
surface or drainage waters. The District has histori- 



cally engaged in a program of improving water- 
courses so as to accommodate the expected flow of 
stormwater and surface drainage waters from 
the areas involved. In particular, as noted in 
Chapter V of this report, the District, in coopera- 
tion with the City of South Milwaukee and the 
predecessor agency to the Milwaukee County 
Department of Parks, Recreation and Culture, 
has improved the drainage characteristics of Oak 
Creek through channelization of segments of the 
main stem of Oak Creek from Rawson Avenue 
upstream to  Nicholson Avenue. In addition, the 
District has removed material from the bed of 
selected portions of the North Branch of Oak 
Creek between Puetz Road and Drexel Avenue in 
the City of Oak Creek. From 1981 through 1983, 
the Milwaukee County Department of Parks, 
Recreation and Culture installed about 1,000 feet 
of gabions along the Oak Creek channel banks just 
downstream of Chicago Avenue for erosion con- 
trol. In the 1950's, the predecessor agency to that 
Department widened and deepened the Oak Creek 
channel from Rawson Avenue downstream to 
the Chicago & North Western Railway bridge. In 
addition, channel improvements have been carried 
out by the City of Oak Creek in conjunction with 
the Milwaukee Metropolitan Sewerage District, by 
the Wisconsin Department of Transportation, and 
by the City of Franklin. These improvements are 
shown on Map 30. 

Interbasin Water Diversion 
The legal problems encountered concerning inter- 
basin water diversion are discussed in Chapter IX 
of SEWRPC Technical Report No. 2, water-~aw in 
Southeastern Wisconsin. The traditional common- 
law riparian doctrine, which for the most part is 
still 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 dam- 
ages caused as a consequence of the unnaturally 
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.' 
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 OAK CREEK WATERSHED 

Inventories were conducted of state water regu- 
latory permits, state water pollution abatement 
orders and permits, federal water regulatory 
permits, floodland regulation, flood insurance 
eligibility, and other local water-related regulatory 
matters. A discussion of these legal considerations 
and how they apply to the Oak Creek watershed is 
presented below. 

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 conducted under the Oak Creek watershed 
study of all water regulation permits issued by 
the Department of Natural Resources in the Oak 
Creek watershed. 
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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  
conform as nearly as practicable to  existing shores 
and must be found by the Department to be in 
the public interest. I t  was determined that there 
were no bulkhead lines in the Oak Creek watershed 
as of 1983. 

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. 
Permits 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. Section 30.19 does not apply to navigable 
waters located in counties having a population of 
500,000 or more and Section 30.195 excludes 
county or municipal lands located in counties 
having a population of 500,000 or more. Section 
66.894(8) grants a metropolitan sewerage commis- 
sion located in a county having 500,000 or more 
population the authority to improve any water- 
course within the metropolitan sewerage district. 
Projects may include deepening, widening, or 
otherwise changing the navigable body of water 
where it is deemed to be necessary to carry off 
surface or drainage waters. Because the Oak Creek 
watershed lies within Milwaukee County and partly 
within the Milwaukee Metropolitan Sewerage 
District, jurisdiction over that watershed vis-a-vis 
improvements to that watershed is exercised by the 
Milwaukee Metropolitan Sewerage Commission. 

Other Water Regulatory Permits: In a search of 
the records of the Wisconsin Department of 
Natural Resources, permits were found for the Oak 
Creek watershed for the following types of water- 
related activities: placement of structures and 
deposits in navigable waters (Wisconsin Statutes 
Section 30.12); dredging (Wisconsin Statutes 
Section 30.20); and the installation of high- 
capacity wells (Wisconsin Statutes Section 144.025 
(2)(c). These permits are listed in Table 70. With 
regard to flood control facilities, Section 30.12 of 
the Wisconsin Statutes requires that a Wisconsin 
Department of Natural Resources permit be 
obtained for the placement of structures and 
deposits, including concrete lining and rip-rap, in 
the bed of a navigable stream. 

State Water Pollution 
Abatement Orders and Permits 
An inventory was conducted of all effluent dis- 
charge permits and of all outstanding pollution 
abatement orders in the Oak Creek watershed. The 
following section presents the results of that 
inventory. 

Effluent Discharge Permits: As noted earlier in this 
chapter, a new Wisconsin pollutant discharge 
elimination system permit structure was estab- 
lished by the Wisconsin Department of Natural 
Resources pursuant to Chapter 147 of the Wiscon- 
sin Statutes. A permit is required for all industrial 
and municipal waste discharges. The inventory 
revealed that to  date (1983) a total of nine indus- 
trial waste discharge permits have been applied for 
and/or issued in the Oak Creek watershed and two 
municipal waste discharge permits have been 
applied for and/or issued. Pertinent characteristics 
pertaining to  each of these permits are set forth in 
Tables 71 and 72 respectively. 

Pollution Abatement Orders: In addition to the 
inventory of effluent discharge permits, an inven- 
tory was conducted to determine if outstanding 
pollution abatement orders in the Oak Creek 
watershed existed. It  was determined that no 
such orders have been issued in the watershed. It  
should be noted that pollution abatement orders 
related to point source discharge are no longer 
enforced owing to the recent pollutant discharge 
elimination system permit structure. 

Federal Water Regulatory Permits 
The U. S. Department of the Army, Corps of 
Engineers, requires permits for work or struitures 
in navigable waters of the United States, waste 
outfalls in navigable waters, the discharge of 
dredged or fill materials into navigable waters, 
and the transportation 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 per- 
mit. I t  was determined that one permit has been 
issued in the Oak Creek watershed to  the Milwau- 
kee County Department of Parks, Recreation 
and Culture for the placement of gabions along 
the banks of the Oak Creek main stem for ero- 
sion control. In addition, five applications were 
reviewed by the Corps of Engineers for the place- 
ment of utility lines across the Oak Creek main 
stem and north branch. Permits were not issued for 
these activities since they are already given blanket 
approval under nationwide permits. 



1 Table 70 
I 

STATE WATER REGULATORY PERMITS IN THE OAK CREEK WATERSHED: 1983 

Source: SEWRPC. 

Statute 

Section 30.12 

Section 30.20 

Section 144.025 

Permit Number 

3-SE-8 1 -00727.000 

3-SE-8 1-00704.000 

3-SE-77-00022.000 

3-SE-78-00024.000 

3-SE-82-00032.000 

3-SE-82-00033.000 

3-SE-76-00440.000 

3-SE-76-0044 1.000 

3-SE-82-00039.000 

3-SE-82-00040.000 

3-SE-82-0004 1.000 

3-SE-82-00042.000 

19-702 

Description 

Wisconsin Electric Power Company-Placement 
of rip-rap on banks of Mitchell Field 
drainage ditch 

Milwaukee County Parks Department-Placement 
of rip-rap on banks of Oak Creek 

Wisconsin Natural Gas Company-Removal of 
materials from the bed of Oak Creek 

City of Oak Creek-Removal of materials from 
the bed of Oak Creek 

City of Oak Creek-Removal of materials from 
the bed of Oak Creek 

City of Oak Creek-Removal of materials from 
the bed of Oak Creek 

Wisconsin Telephone Company-Removal of 
materials from the bed of Oak Creek 

Wisconsin Telephone Company-Removal of 
materials from the bed of Oak Creek 

Milwaukee Metropolitan Sewerage District- 
Removal of materials from the bed of the 
North Branch of Oak Creek 

Milwaukee Metropolitan Sewerage District- 
Removal of materials from the bed of the 
North Branch of Oak Creek 

Milwaukee Metropolitan Sewerage District- 
Removal of materials from the bed of the 
North Branch of Oak Creek 

Milwaukee Metropolitan Sewerage District- 
Removal of materials from the bed of the 
North Branch of Oak Creek 

Gene Tehan-Installation of high-capacity 
well in the City of Oak Creek 



Table 71 

INDUSTRIAL WASTE DISCHARGE PERMITS ON FILE WITH THE WISCONSIN DEPARTMENT 
OF NATURAL RESOURCES FOR DISCHARGES I N  THE OAK CREEK WATERSHED: 1983 

NOTE: N/A indicates data no t  available. 

Permrttee 

Appleton Electrrc Company 
Llghtlng Products 
Drvrsron 

Appleton Electrlc Company 
Foundry Drvrsron 

Applred Plastlcs 
Company, lnc. 

Bucyrus-Erre Company 

lndustrral Fuel 

Ladrsh Company 

South Mrlwaukee 
Water Ut l l l ty 

Western Machrne Company 

U. S. Alr Force Reserve 
440TAW 

Source: SEWRPC. 

Floodland Regulation and 
Flood Insurance Eligibility 
By 1984, all of the communities within the Oak 
Creek watershed had adopted floodplain zoning 
ordinances, and every community in the watershed 
was participating in the federal flood insurance 
program. Any proposed relocation of streams or 
channels must comply with the local ordinances. 
If changes proposed result in increases of greater 
than 0.1 foot to the 100-year recurrence interval 
floodplain elevations, appropriate legal arrange- 
ments would have to be made with the affected 
property owners, and the local community's 
floodplain maps amended to identify this change. 

Local Water-Related Regulatory Matters 
An inventory was conducted under the Oak Creek 

Locatron 

watershed study of other local ordinances relating 
to water quality and water use. This inventory 

Type of 
Drscharge 

Coollng water, 
borler blowdown 

Coolrng water 

Coolrng water 

Coolrng water, 
wet scrubber dls- 
charge, stormwater 
drarnage 

Boller blowdown, 
washwater 

Coollng water, 
stormwater drarnage 

Decant water from 
holdrng tank 

Coolrng water 

Washwater, storm- 
water dramage 

Address 

2201 12th Avenue 

2105 5 th  Avenue 

7320 S. 6 th  Street 

1100 M~lwaukee Avenue 

610 W. Rawson Avenue 

5481 S. Packard Avenue 

2005 10th Avenue 

7665 S. 6 th  Avenue 

General Mitchell Freld 
300 E. College Avenue 

indicated that the rules of the Milwaukee Metro- 
politan Sewerage District prohibit the discharge of 
stormwater and all other unpolluted drainage into 
the sanitary sewer system except that which is 
specifically designed as a part of a combined sewer 
system. In addition, the rules of the District 
require that every municipality contributing 
sanitary sewage to the metropolitan sewerage 
system adopt effective ordinances prohibiting the 
discharge of excessive clear water into the sanitary 
sewerage system. The inventory further revealed 
that all municipalities in the watershed have such 
clear water elimination ordinances in addition to 
ordinances prohibiting the discharge of deleterious 
materials and substances to the sanitary sewer 
system. 

C~vr l  Drvrslon 

Crty of South Milwaukee 

Crty of South M~lwaukee 

City of Oak Creek 

Crty of South Mrlwuakee 

Crty of Oak Creek 

Crty of Cudahy 

Crty o f  South Mrlwaukee 

Clty of Oak Creek 

Crty of Mrlwaukee 

In addition, the inventory indicated that the 
Milwaukee County Board of Supervisors have 

Pretreatment 
( ~ f  known) 

None 

None 

None 

Settlrng 
lagoon 

Settlrng 
tank, 011, 
and water 
separator 

None 

Settl~ng 

N/A 

011 and water 
separator 

Recervrng 
Stream 

OakCreek 

Oak Creek 

North Branch 
of Oak Creek 

Oak Creek 

Groundwater 
absorptron 
pond 

Oak Creek 

Oak Creek 

North Branch 
of Oak Creek 

Mrtchell F ~ e l d  
Dramage Drtch 

Permrt 
Number 

Wl-0028312-3 

WI-0033481-2 

Wl-0041700-3 

W1-0001058-4 

Wl-0040428-2 

W1-0000728-3 

W1-0045497-1 

Wl-0043796-1 

W1-0045195-1 



Table 72 

MUNICIPAL WASTE DISCHARGE PERMITS I N  THE OAK CREEK WATERSHED: 1983 

Source: SEWRPC. 

adopted rules and regulations, which are presently 
undergoing revision, for the Department of Parks, 
Recreation and Culture (formerly the Milwaukee 
County Park Commission) affecting parks and 
parkways and the use of such areas relative to 
water-related recreational activities. These rules 
provide that, except upon the express permission 
of the County, no person shall fish the waters of 
the parks or the parkways. In addition, no person 
shall, without the express written permission of the 
County, place upon the lagoons, rivers, or any of 
the waters under the control of the County any 
float, boat, or other wood craft, nor may one land 
or go upon any of the islands of the lagoons or 
rivers or land upon, or touch with a boat, any of 
the shoreline in a parkway not specifically desig- 
nated as a landing place. 

Permit 
Number 

W 1-002881 9-2 

W 1-00322 12-1 

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 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, and 
welfare. Under this basic statutory authorization, it 
would appear that any municipality in the Oak 
Creek watershed could enact local boating regula- 
tions that would, for example, prohibit the opera- 
tion of boats and other water craft during flooding 

Receiving 
Stream 

Oak Creek 

North Branch 
of Oak Creek 

Permittee 

City of 
South Milwaukee 

Oak Creek 
Sewer and 
Water Utility 

periods. Such regulations would be related directly 
to public health and safety in that they would be 
designed to protect individuals from dangerous 
conditions during periods of flooding and conse- 
quent rapid water movement. The regulations 
could be so written as to  be placed into effect 
when a prespecified flood stage or elevation was 
reached. Inventories conducted under the Oak 
Creek watershed study did not reveal the existence 
of any such boating regulations in the watershed. 

SUMMARY 

Location 

One at 3rd Avenue at 
Michigan Avenue-Ravine 
Pump Station, and one 
at N. Chicago Avenue 
at Oak Creek 

Wildwood Drive at 
Wake Forest Drive 

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 follow- 
ing salient findings having particular importance 
for planning in the Oak Creek watershed: 

Type of 
Discharge 

Sanitary sewer 
overflows 

Sanitary sewer 
overflow 

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 overruled the 
historic common law doctrine with respect to both 
groundwater law and diffuse surface water law, 
finding that the historic doctrines no longer 
applied to  modern water resource problems and 
conflicts. 

With passage of the Federal Water Pollution 
Control Act Amendments of 1972 and 1977, 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 
Oak Creek watershed. Water use objectives and 
supporting water quality standards now are re- 
quired for all navigable waters in the United States. 
It  is a national goal to eliminate 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 pollution. The Act also 
establishes a pollutant discharge permit system. 
Under such a system, permits 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 dis- 
charge permit system, and to  issue pollution 
abatement orders. New water use objectives and 
supporting water quality standards applicable to  all 
perennial streams in the Oak Creek watershed were 
adopted by the Wisconsin Natural Resources Board 
in 1973 and revised in 1976. These include recrea- 
tional use and the maintenance of warmwater fish 
and aquatic life, and minimum standards. In 
addition, coldwater fish and aquatic life standards 
related to the protection of spawning salmonids 
shall be met in the Oak Creek estuary when salmo- 
nid spawning runs are in progress. The adopted 
regional water quality management plan recom- 
mends maintaining the water use objectives in the 
Oak Creek watershed as warmwater fishery and 
aquatic life, recreational use, and minimum stan- 

dards except in the Oak Creek estuary. That 
plan recommends further study of the Oak Creek 
estuary before establishing any water use objective. 

In addition to granting broad authority to  general- 
purpose units of local government to regulate in 
the interests of health, safety, and welfare, Wis- 
consin Statutes currently provide for the creation 
of four types of special-purpose units of govern- 
ment through which water pollution can be abated 
and water quality protected: the Milwaukee 
Metropolitan Sewerage District, utility districts, 
joint sewerage systems, and cooperative action by 
contract. With respect to the provision of sewage 
treatment and related trunk sewers, the Milwaukee 
Metropolitan Sewerage District serves the entire 
Oak Creek watershed except that portion of the 
watershed in the City of South Milwaukee, which 
operates its own sewage treatment plan. 

Flood control facilities may be constructed 
throughout the Oak Creek watershed by the Mil- 
waukee Metropolitan Sewerage District. The Dis- 
trict has historically engaged in a limited program 
of improving watercourses in the watershed. In 
addition, the predecessor agency to  the Milwaukee 
County Department of Parks, Recreation and Cul- 
ture improved portions of the Oak Creek channel 
on its own, and cooperated with the City of South 
Milwaukee and the Milwaukee Metropolitan Sew- 
erage District to improve another portion of the 
Oak Creek channel. The construction of flood 
control facilities incorporating the placement of 
structures or deposits in the bed of a navigable 
stream is regulated under Section 30.12 of the 
Wisconsin Statutes, and requires a permit from the 
Wisconsin Department of Natural Resources. Inter- 
basin water diversions are regulated by several legal 
doctrines, including the common-law riparian 
doctrine, state consent, and Section 30.18 of the 
Wisconsin Statutes. 

Inventories were conducted in the Oak Creek 
watershed of state water regulatory permits, state 
water pollution abatement orders and permits, 
federal water regulatory permits, floodland regula- 
tion, flood insurance eligibility, and local water- 
related regulatory matters. A total of 13 state 
water regulatory permits were found to  have been 
issued in the watershed under Chapters 30 and 
144 of the Wisconsin Statutes. A total of 11 state 



effluent discharge permits have been issued in stream bank protection. All six of the communities 1 the watershed, of which a total of nine are indus- within the watershed have adopted floodplain 
trial waste discharge permits. One permit has been zoning ordinances, and all of the communities 

~ issued in the Oak Creek watershed by the U. S. are participating in the federal flood insurance 
Department of the Army, Corps of Engineers, for program. 
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Chapter X 

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLZS, AND STANDARDS 

INTRODUCTION 

The formulation of development objectives and 
supporting standards is one of the most important 
steps in the Commission watershed planning 
process. Soundly conceived watershed develop- 
ment objectives 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 inter- 
ested and concerned citizen leaders as well. This 
is particularly 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 
early in its existence recognized the need to 
provide an even broader opportunity for the 
active participation of elected and appointed 
public officials, technicians, and citizens in the 
regional planning process. To meet this need the 
Commission established advisory committees to 
assist the Commission and its staff in the conduct 
of the regional planning program. One of these 
committees is the Oak Creek Watershed Com- 
mittee, the composition of which is 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 watershed devel- 
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 re- 
lated regional planning programs but were deemed 
relevant to formulation of a comprehensive plan 
for the Oak Creek watershed. Others were formu- 
lated specifically for 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 
physical 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 provide an 
understanding by all concerned of the level of 
detail entailed in the watershed plan preparation, 
as well as of the need for refinement of some 
aspects of that plan prior to implementation. 

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 
generally accepted tenet used to support 
objectives and prepare standards and plans. 

3. Standard: a criterion used as a basis of 
comparison to determine the adequacy of 
plan proposals to attain objectives. 

4. Plan: a design which seeks to achieve the 
agreed-upon objectives. 

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 inter- 
relationship of the foregoing definitions and the 
basic concepts which they represent is essential to 
the following discussion of watershed development 
objectives, principles, and standards. 



WATERSHED DEVELOPMENT OBJECTIVES 

In order to be useful in the watershed planning 
process, objectives not only must be logically 
sound and related in a demonstrable and measur- 
able way to alternative physical development pro- 
posals, but must 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 watershed 
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, sewerage, 
water quality management, air quality manage- 
ment, 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. Some of 
these objectives and standards are directly appli- 
cable to the Oak Creek watershed planning effort, 
and are hereby recommended for adoption as 
development objectives for the watershed. 

Land Use Development Objectives 
Seven of the eight regional land use development 
objectives adopted by the Commission under its 
regional land use planning program are directly 
applicable to the Oak Creek watershed planning 
effort.' These are: 

1. A balanced allocation of space to the various 
land use categories which meets the social, 
physical, and economic needs of the regional 
population. 

2. A spatial distribution of the various land 
uses which will result in a compatible 
arrangement of land uses. 

' The other land development objective is the 
preservation o f  land areas for agricultural uses in 
order to provide for certain types o f  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 the shape and order o f  urban 
development. 

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 
economical provision of transportation, 
utility, and public services. 

5. The development and conservation of 
residential areas within a physical environ- 
ment that is healthy, safe, convenient, and 
attractive. 

6. The preservation, development, and rede- 
velopment of a variety of suitable industrial 
and commercial sites in terms of both 
physical 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 facil- 
itate the ultimate attainment of a balanced 
year-round outdoor recreational program 
providing a full range of facilities for all 
age groups. 

Sanitary Sewerage System and Water 
Quality Management Planning Objectives 
All five of the water quality management objectives 
adopted by the Commission under its regional 
water quality management planning effort are 
directly applicable to the Oak Creek 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 
promote implementation of the regional 
land use plan, meeting the anticipated need 
for sanitary and industrial wastewater 
disposal and the need for stormwater runoff 
control generated by the existing and 
proposed land uses. 

2. The development of land management and 
water quality control practices and facili- 
ties-inclusive of sanitary sewerage systems- 



so as to meet the recommended water use 
objectives and supporting water quality 
standards as set forth on Map 44 and in 
Table 77. 

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 man- 
agement systems-inclusive of the govern- 
mental units and their responsibilities, 
authorities, policies, procedures, and re- 
sources-and supporting revenue-raising 
mechanisms which are effective and locally 
acceptable, and which will provide a sound 

'The  other five park and open space objectives 
are: 1 )  the provision o f  sufficient outdoor recrea- 
tion facilities to allow the resident population o f  
the Region adequate opportunity to participate in 
intensive nonresourceariented outdoor recreation 
activities; 2 )  the provision o f  sufficient outdoor 
recreation facilities to allow the resident popula- 
tion o f  the Region adequate opportunity to par- 
ticipate in intensive resourcemiented outdoor 
recreation activities; 3) the provision of sufficient 
outdoor recreation facilities to allow the resident 
population of the Region adequate opportunity to 
participate in extensive land-based outdoor recrea- 
tion activities; 4)  the provision o f  opportunities for 
participation by the resident population o f  the 
Region in extensive water-based outdoor recreation 
activities on the major inland lakes and rivers and 
on Lake Michigan, consistent with safe and enjoy- 
able lake use and the maintenance o f  good water 
quality; and 5)  the efficient and economical 
satisfaction of outdoor recreation and related open 
space needs, meeting all other objectives at the 
lowest possible cost. While these objectives are 
applicable to the watershed planningprogram, they 
should be applied at the local level as a joint effort 
by county agencies, school districts, and local 
community recreation agencies. 

institutional basis for plan implementation, 
including the planning, design, construc- 
tion, operation, maintenance, repair, and 
replacement of water quality control prac- 
tices and facilities, inclusive of sanitary 
sewerage systems, stormwater management 
systems, and land management practices. 

Park and Open Space Objectives 
Two of the seven park and open space objectives 
adopted by the Commission under its regional park 
and open space planning program are directly 
applicable to  the Oak Creek watershed planning 
efforL2 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. 

Water Control Facility Development Objectives 
Two of the specific water control facility develop- 
ment objectives adopted by the Commission under 
its other comprehensive watershed planning pro- 
grams are applicable to the Oak Creek watershed 
planning e f f ~ r t . ~  These are: 

The other two water control facility development 
objectives are: 1 )  an integrated system o f  land 
management and water quality control facilities 
and pollution abatement devices adequate to 
ensure a quality o f  lake water necessary to achieve 
established water use objectives; and 2 )  the attain- 
ment o f  sound groundwater resource development 
and protective practices to minimize the possibility 
for pollution and depletion o f  the groundwater 
resources. The inland lake water control facility 
objective is not applicable to the Oak Creek water- 
shed planning program since there are no major 
lakes in the watershed. The groundwater objective 
is not applicable to the Oak Creek watershed 
planning program since the study prospectus did 
not identify groundwater quantity or quality as 
being significant problems in this watershed. 



Map 44 

PRELIMINARY RECOMMENDED WATER USE OBJCCTIVES FOR 
SURFACE WATERS I N  THE OAK CREEK WATERSHED: 2000 

LEGEND - WARMWATER FISHERY AM) AQUATIC Llm 
RECREAT~ONAL USE. AM) MZNCMUM STAND~RDS - L- MICIIIG&N E S T V A R I  COUM15510N 
RECoMNENOED WATER U& OBJECTIVES 
DEPENDENT UPON FURTHER DETIIlLEO STUOI  

NOTE: EXCEPT FOR THE LAKE MICHIGAN LSTUbRY. 
Tnls MAP IDENTIFIES THE PRELIMINARY 
RECDMMENDY) WATER USE OBJECTlVES WU. 
FOR THE PERENNlAL STREAMS. THE WARM- 
WATER FISHERY AND AQUATIC LIFE RCCREATICNa 
USE. AND MINIMUM S T A N D ~ O S  CL~SIF ICATIW 
WOULD ALSO W P L I  TO ALL INTERMlTTENl 
STREAMS. 

Under the regional water quality management planning program, analyses were conducted to determine the feasibility of achieving a level 
of water quality that would make all surface waters "fishable and swimmable" ar envisioned by the U. S. Congress in Public Law 92-500. 
The results of these analyses indicated that all of the streams analyzed in the Oak Creek watershed could be brought to "fishable and swim- 
mable" Efsndards. 

Source: SEWRPC. 



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 by the existing and 
proposed land uses. 

An integrated system of land management 
and water quality control facilities and 
point and nonpoint source pollution abate- 
ment measures adequate to ensure the 
quality of surface water necessary to meet 
the established water use objectives and 
supporting water quality standards. 

P- 
Complementing each of the foregoing land use, 
sanitary sewerage system and water quality man- 
agement, park and open space, and water control 
facility development objectives are a planning 
principle which supports the objective and asserts 
its inherent validity, and a set of quantifiable 
planning standards which can be used to evaluate 
the relative or absolute ability of alternative 
plan designs to meet the stated objective. These 
principles and standards, as they apply to water- 
shed planning and development, are set forth in 
Tables 73, 74, 75, and 76, and serve to facilitate 
quantitative application of the objectives during 
plan design, test, and evaluation. 

With respect to water use objectives, the Wisconsin 
Department of Natural Resources currently classi- 
fies selected portions of the Oak Creek watershed 
stream system for warmwater fishery and aquatic 
life, recreational use, and minimum standards. 
These currently adopted water use objectives and 
the supporting standards are set forth on Map 43 
and in Table 69 in Chapter IX. 

Preliminary recommended water use objectives are 
shown on Map 44 and are identical to those set 
forth in Chapter I1 of Volume Two, Alternative 
Plans, of SEWRPC Planning Report No. 30, A 
Regional Water Quality Management Plan for 
Southeastern Wisconsin: 2000, with the exception 
of objectives for the Mitchell Field Drainage Ditch 
which was not identified in that plan. The pre- 
liminary recommended water use objectives for 
Oak Creek, the North Branch of Oak Creek, and 
the Mitchell Field Drainage Ditch include the 
support of warmwater fish and aquatic life and full 

recreational use. A comparison of the preliminary 
recommended* water use objectives with the 
water use objectives established by the Wisconsin 
Department of Natural Resources indicates that 
these objectives are identical with the exception 
of those for the Oak Creek estuary. As shown on 
Map 44, recommended water use objectives for 
the Oak Creek estuary are to be determined based 
on the results of further study, while the water 
use objectives used in practice by the Wisconsin 
Department of Natural Resources for the Oak 
Creek estuary include the support of a salmon 
fishery and full recreational use, based upon the 
fact that salmon are known to exist in the estuary 
at least at some times of the year. The water 
quality standards supporting these preliminary 
recommended water use objectives are set forth in 
Table 77. These recommendations are in confor- 
mance with the national water use objectives cited 
in PubIic Law 92-500, which call for the attain- 
ment wherever possible of water quality which is 
sufficient to support the protection and propaga- 
tion of fish, shellfish, and other wildlife, and for 
the support of human recreation in and on the 
waters. Analyses conducted in development of the 
adopted regional water quality management plan 
indicate that the attainment of these "fishable- 
swimmable" water use objectives and the support- 
ing water quality standards is feasible and realistic 
if the significant water pollution sources in the Oak 
Creek 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, minimum, 
or desirable values. The standards set forth herein 
should serve as aids not only in the development, 
test, and evaluation of watershed land use and 
water control facility plans, but also in the devel- 
opment, test, and evaluation of local land use and 
community facility plans and in the development 
of plan implementation policies and programs 
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 



Table 73 i 
LAND USE DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS FOR THE OAK CREEK WATERSHED 

OWECTIVE NO. 1 I 
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 
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: 

'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 1975, 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. 

No. 

1 a 
l b  
l c  
I d  
l e  

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: 

Residential Density Category 

High-Density urbanC . . . . . . .  
Medium-Density urbanC. . . . .  
Low-Density urbanC . . . . . . .  
suburband . . . . . . . . . . . . . .  
l3urald. . . . . . . . . . . . . . . . .  

3. For each additional 100 industrial employees to be accommodated within the Region, the following minimum amounts of industrial land 
should be set aside: 

No. 

2a 
2b 

Net ~ r e a ~  
(Acres1100 Dwelling Units) 

8 
23 
83 

167 
500 

4. For each additional 100 commercial employees to be accommodated within the Region, the following minimum amounts of commercial 
land should be set aside: 

Gross ~ r e a ~  
(Acres1100 Dwelling Units) 

13 
32 

109 
204 
588 

Public Park and 
Recreation Land categorye 

Major . . . . . . . . . . . . . . . . .  
Other . . . . . . . . . . . . . . . . .  

No. 

3a 

Net ~ r e a ~  
(Acres/1,000 Persons) 

4 
8 

Industrial Land Category 

Major and Other . . . . . . . . . .  

Gross Area f 

(Acres/1,000 Persons) 

5 
9 

Gross ~ r e a g  
(Acres1100 Employees) 

3 
6 

r 
Net ~ r e a ~  

(Acres11 00 Employees) 

7 

Net ~ r e a ~  
(Acres11 00 Employees) 

1 
2 

- 
No. 

4a 
4b 

Gross ~ r e a g  
(Acres1100 Employees) 

9 

Commercial Land Category 

Major . . . . . . . . . . . . . . . . .  
Other . . . . . . . . . . . . . . . . .  



(Table 73 continued) 

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: 

OBJECTIVE NO. 2 

A spatial distribution of the various land uses which will result in a compatible arrangement of land uses. 

Gross ~ r e a ~  
(Acres/1,000 Persons) 

12 

No. 

5a 

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. 

Governmental and 
Institutional Land Category 

Major and Other . . . . . . . . . . 

STANDARDS 

Net ~ r e a ~  
(Acres/1,000 Persons) 

9 

1. Urban high., medium-, and lowdensity 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' to the arterial street system. 

OBJECTlVE 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. 

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. 

lb. 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 sevhre limitations for such development. 

Ic. 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). I t  is desirable that 25 percent of the shoreline 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. ~loodlandsj should not be allocated to any urban developmentk which would cause or be subject to flood damage. 

I 2e. No unauthorized structure or fi l l should be allowed to encroach upon and obstruct the flow of water in the perennial stream channels and 
flood way^.^ 

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 obnoxiousweed and algae growth; 
contribute to the atmospheric oxygen supply; reduce storm water runoff by providing area for floodwater impoundment and storage; contri- 
bute to groundwater supplies; trap soil particles suspended in runoff and thus reduce stream sedimentation; protect shoreland areas from 
erosion; 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. 

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: dry, dry-mesic, mesic, wet-mesic, and wet. In addition, remaining examples of the native forest vegetation types repre- 
sentative 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. 

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 i s  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 develaped 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 highdensity 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. Transportation 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 lowdensity 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-today 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: 

OBJECTIVE NO. 6 

Land Use Category 

. . . . . . . .  Residential. 
Streets and Utilities. . . .  
Parks and Playgrounds . . 
Public Elementary 

. . . . . . . . . .  Schools 
Other Governmental 

. . . .  and Institutional. 
Retail and Service. . . . .  
Nonurban . . . . . . . . .  
Total 

The preservation, development, and redevelopment of a variety of suitable industrial and commercial sites both in terms of physical characteris- 
tics and location. 

PRINCIPLE 

Percent of Area in Land Development Category 

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: 

Agricultural 
(<0.2 

Dwelling 
UnitslNet 

Residential Acre) 

6 .O 
4 .O 

90 .O 

100.0 

a. Minimum gross site area of 320 acres or a minimum employment of 3,500 persons. 

Urban 
High-Density 
(7.0 - 17.9 
Dwelling 
UnitslNet 

Residential Acre) 

66 .O 
25.0 
3.5 

2.5 

1.5 
1.5 

100.0 

b. Direct access to the arterial street and highway system and access within two miles to the freeway system: 

Suburban 
Density 
(0.2 - 0.6 
Dwelling 
UnitsINet 

Residential Acre) 

82.0 
18.0 
- 

- 

- 

100.0 

c. Direct access to railroad facilities. 

Urban 
Medium-Density 

(2.3 - 6.9 
Dwelling 

UnitsINet 
Residential Acre) 

71 .O 
23 .O 
2.5 

1.5 

1 .O 
1 .O 
- 

100.0 

Rural 
Density 
(0.1 -0.2 
Dwelling 
UnitslNet 

Residential Acre) 

85 .O 
15.0 

100.0 

d. Direct access to primary, secondary, and tertiary mass transit service. 

Urban 
Low-Density 
(0.7 - 2.2 
Dwelling 
UnitsINet 

Residential Acre) 

76.5 
20 .O 
1.5 

0.5 

1 .O 
0.5 

100.0 

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 management 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 management 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 corn- 
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 management facilities. 

f. Available adequate power supply. 

g. Site should be covered by soils identifled 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 se~ices, 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; i t  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 i t  is essential to outdoor recreational pursuits. 

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 allocated to any urban or agricultural land uses; and 
adjacent surrounding areas should be retained in open space use, such as agriculture or limited recreation. 

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 buildin@ 
plus the required yards and open spaces. 

~ r o s s  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. 

Areas served, proposed to be served, or required to be served by public sanitary sewerage and water supply facilities require neighborhood 
facilities. 

d~ reas  not served, not proposed to be served, nor required to be served by public sanitary sewrage and water supply facilities do not require 
neighborhood facilities. 

nese categories do not include large open space areas not developed for active recreation use or school playgrounds. 

Gross public park and recreation arm 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. 

~ r o s s  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 ~ r o s s  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. 

Direct access implies adjacency or immediate proximity. 
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Floodlands are herein defined as those lands inundated by a flood having a recurrence interval of 100 years where hydrologic and hydraulic 
engineering data are available, and as those lands inundated by the maximum flood of record where such data are not available. 

Urban development, as used herein, refers to all land uses except agriculture, water, woodlands, mtlands, 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 100-year recurrence interval 
flood discharge with small. acceptable upstream and downstream stage increases. 

n Wetland areas, as used herein, are defined as those lands which 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 adapted for life in 
saturated soil conditions and encompassing an area of one acre or more. 

0 The term woodland, as used herein, is defined as those areas one acre or more in size having 17 or more deciduous trees per acre, each measur- 
ing at least four inches in diameter at breast he&ht and having 50 percent or more tree canopy coverage. In  addition, coniferous treeplanta- 
tions and reforestation projects are identified as woodlands by the Commission. I t  should be noted that all lowland wooded areas, such as 
tamarack swamps, are also classified as wetlands. 

' A  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. 

Includes all fish and game. 

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 la rp  land-conwming institu- 
tional uses, as w l l  as areas devoted to agricultural use and to resource conservation, whether publicly or privately owned. 

It was deemed impractical to establish spatial distribution standards for open space, per se. Open spaces which are not included in the spatial 
distritution standards are: forest preserves and arboreta; major river valleys; lakes; zoological and botanical gardens; stadia; woodland, mt- 
land, and wildlife areas; scientific areas; and agricultural lands whose location must be related to, and determined by, the natural resource 
base. I t  is intended that the park and open space standards set forth herein be supplemented by the more detailed park and open yMce Stan- 
dards set forth in SEWRPC Planning Report No. 27, A Regional Park and Open Space Plan for Southeastern Wisconsin. 

Source: SEWRPC. 
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WATER QUALITY MANAGEMENT OBJECTIVES, PRINCIPLES, 
AND STANDARDS FOR THE OAK CREEK 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 m e d i ~ m - ~  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. ~loodlands~ 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 floodlands not recommended for eventual removal 
in comprehensive plans. Engineering analyses 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 units, 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 44 and in Table 77. 

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 44 
and in Table 77. 

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 44 and in Table 77. 

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 provide the best available wastewater treatment which is economically achievable. 

12. All sanitary sewage treatment plants should provide the best practicable wastewater treatment technology. 

13. 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 44 and in Table 77. 

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 I 

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 i t  i s  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 

I 
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 for 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 i s  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 i s  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 othgr 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 
through proper storm water management planning and design. 

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 sewet 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 facilities 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 infiltration and inflows to the sanitary sewerage system should be reduced to the cost-effective level. 

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 i t s  responsibilities in the achievement of the recommended water use objectives and supporting stan-' 
dards as set forth on Map 44 and in Table 77. 

a ~edium-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 6,23 1 to 18,980 square feet. 

I 

b~igh-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. 

Low-density developmenr is defined as that developmenr 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 18,98 1 to 62,680 square feet. 

d~ngineered storm water management facilities are defined herein 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, infiltration systems, 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 hydrologic event. 

Floodlands are defined as those lands, including floodplains, floodways, and channels, subject to inundation by the 100-year recurrence 
interval flood or where such data are not available, the maximum flood of record. 

 rea as larger than 160 acres in extent. 

Source: SEWRPC. 
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OUTDOOR RECREATION AND OPEN SPACE PLANNING OBJECTIVES, 
PRINCIPLES, AND STANDARDS FOR THE OAK CREEK 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 areascan 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 communitv. 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 following public general use outdoor recreation si te requirements should be met: 

Site Type 

lg 
Regional 

- 

tli 
Multicommunity 

lllk 
Community 

(V" 
Neighborhwd 

Size 
( g n u  acre4 

250 or more 

100-249 

25-99 

Lerr than 25 

Publicly Owned General Use Sites 

Minimum Per Capita 
Public Requirements 

(acres per 1.000 personsp 

5.3 

2.6 

2 1 

1.7 

Minimum Per Capita 
Public Requirements 

(acres per 1.000 personsf 

0.9 

1.6 

Parks 

Typical Facilities 

Camp sites, swimming beach, 
picnic areas. golf course, 
ski hill, ski touring trail. 
boat launch, nature study 
area, playfield, softball 
diamond, passive activity 
areah 

Camp sites. swimming pool or 
beach, picnic areas. golf course, 
ski hill,ski touring trail, boat 
launch. nature studv area. 
playfield. softball andlor 
baseball diamond. passive 
activity areah 

Swimming pool or beach, picnic 
areas, boat launch, nature study 
area, playfield, softball andlor 
baseball diamond, tennis court, 
passive activity areah 

Wading pool, picnic areas, 
playfield, softball and/or 
baseball diamond, tennis 
MU-, playground, basketball 
goal, ice-skating rink. passive 
activity areah 

~ c h o o l s ~  

Typical Facilities 

Playfield, baseball 
diamond, softball 
diamond, tennis court 

Playfield. ~laygmund. 
baseball diamond, 
softball diamond. 
tennis court, basketball 
goal 

Maximum Service 
Radius 

urbane 

05-1.0~ 

0.5-lam 

Maximum Radius (mileslb Service lmilsrlc 

Rural 

- 

-. 

urbane 

10.0 

4 6  

2.0' 

0.5-1.0' 

Rural 

10.0 

10.0j 

.. 

-- 
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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. 

6. 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 oersons 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 agricultilral 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. 

a In urban areas the facilities commonly located in Type 111 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. 

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. 

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. 

  or Type I and Type I1 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 resident population of the Region. For Type 111 and Type IV 
sites, which generally provide facilities for intensive nonreswrce-oriented outdoor recreation activities primarily in urban areas, the minimum 
per capita acreage requirements apply to the resident population of the Region residing in urban areas. 

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: 
lowdensity urban areas or areas with 0.70 to 2.29 dwelling units per net residential acre, mediumdensity urban areas or areas with 2.30 to 
6.99 dwelling units per net residential acre, and highdensity urban areas or areas with 7.00 to 17.99 dwelling units per net residential acre. 

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 ~ y p e  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. 

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 and relaxation, 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 I1 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 I1 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 I1 park. I t  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 I1 park. 

Type 111 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. 
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I In urban areas the need for a Type 111 site is met by the presence of a Type I1 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 111,11, 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 Ill or Type IV school outdoor recreation area; in mediumdensity urban areas each resident should reside within 0.75 mile 
of facilitis commonly located in Type 111 or Type IV school outdoor recreation areas; and in lowdensity urban areas each urban resident 
should reside within one mile of the facilities commonly located in a Type 111 or Type IV school outdoor recreation area. 

"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 I V 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 of poor soils, and floodland areas. 

O The maximum service radius of Type IV parks is governed primarily by the population densities in the vicinity of the park. In highdensity 
urban areas, each urban resident should reside within 0.5 mile of a Type IV park; in mediumdensity urban areas, each resident should reside 
within 0.75 mile of a Type IV park; and in lowdensity urban areas, each urban resident should reside within one mile of a Type IVpark. It 
&odd be noted that the requirement for a Type IV park also is met by a Type I, 11, or 111 park within 0.5- 1.0 mile service radii in high-, 
medium-, and lowdensity urban areas, respectively. Further, i t  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. 

P~ recreation corridor is defined as a publicly owned continuous linear expanse o f  land d i c h  is generally located within scenic areas or areas 
of natural, cultural, or historical interest and d i c h  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 o f  Natural Resources, with 
the Kettle Moraine State Forest-Southern Unit, possessed the continuous linear lands required to develop such a recreation corridor. 

Source: SEWRPC. 



Table 76 

WATER CONTROL FACILITY DEVELOPMENT OBJECTIVES, 
PRINCIPLES, AND STANDARDS FOR THE OAK CREEK 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 by 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 10-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 100-year recurrence interval flood discharge. 

d. Railroads: a 100-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 100-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, consistent with the land use element of the comprehensive watershed plan and with 
any storm water management plans. 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 
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only in conjunction with complementary 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 O.la 
foot in any unprotected upstream or downstream stream reaches. Increases in flood stages in excess of O . l 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 o~erative. 

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 fa i~ure .~  

11. All water control facilities should be compatible with existing local storm water management plans and as flexible as practical to accom- 
modate future local storm water management planning. 

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 floodland 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 100-year recurrence interval flood inundation line. 

2. Where hydraulic floodways are to be delineated, they shall to the niaximum 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 O.la 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 77 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. 

3. Flood control and storm water management facilities should be designed to minimize the negative impacts on fish and other aquatic life and 
to support the water use objectives set forth on Map 44 and in Table 77. 

a ~ l t h ~ u g h  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 i f  "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 0.1 foot-given the state of the art-no one can pre.wntly claim an accuracy of such work within 0.1 foot. I t  would appear to 
us that an accuracy level of 0.5 foot would be more reasonable.ln 1985, the Wisconsin Department of Natural Resources Board approved 
revisions to the Wisconsin Administrative Code which provide for a maximum computed increase in flood stage of 0.01 foot, or, in effect, 
permit no increase in flood stage. 

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. 



Table 77 

PRELIMINARY RECOMMENDED WATER USE OBJECTIVES AND WATER QUALITY 
STANDARDS FOR STREAMS I N  'THE OAK CREEK WATERSHED: 2000a 

Warmwater Fishery 
and Aquatic Life, 

Water Quality Recreational Use. and 
Parameters Minimum standardsb 

Maximum Temperature (OF) 
pH Range (standard units) 6.0-9.0~ 
Minimum Dissolved 

Oxygen (mglll 
Maximum Fecal Coliform 

(counts per 100 ml) 
Maximum Total Residual 

Chlorine (mgll) 
Maximum Un-ionized 

Ammonia Nitrogen (mgll) 
Maximum Total 

Phosphorus (mgll) 
Other 

alncludes SEWRPC interpretations of all basic water use categories 
established by the Wismnsin Department of Natural Resources 
and additional categories established under the regional water 
qualify management planning progrem, plus those combinations 
of water use categories a ~ ~ l i c e b l e  m the Southeastern Wisconsin 
Region. I t  is recognized that under both extremely high and 
extremely low flow conditions, instream water levels can be 
expected to violate the established water qualify standards for 
short periods of time without damaging the overall health of 
the stream. I t  is important to note the critical differences between 
the official state and federally adopted water qualify standards- 
composed of "use designations" and "water qualify criteria"-and 
the water use objectives and supporting standards of the Regional 
Planning Commission described here. The U. S. Environmental 
Protection Agency end 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 enywhere, much less in 
or near southeastern Wisconsin. As a result, more recent-and 
sometimes more controvarsial-study findings must sometimes be 
applied. This results from the Commission's use of the water 
qualify standards as criteria to measure the relative merits of 
alternative plans. 

b ~ l l  waters shall meet the following minimum standards et all times 
end 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 intehere 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. 

'There shall be no temperature changes that may adversely affect 
equatic life. Natural daily and seasonal temperature fluctuations 
shall be maintained. The maximum temperature rise et the edge of 
the mixing zone above the existing natural temperature shall not 
exceed 5 ' ~  for streams. 

d ~ h e  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. 

'Shall not exceed a monthly geometric mean of 200 per 100 ml 
based on not fewer than five samples per month nor a monthly 
geometric mean of 400 per 100 ml in more than 1Opercent of all 
samples during any month. 

The following criteria shall apply for unionized ammonia nitrogen 
lNH3-NI: 

1. The concentration at aN times shall not exceed the acute 
toxicity value calculated by: 

Acute ~ox ic i r v  Value 
for Un.ionized Ammonie - 0.822 0.15 x f(TI 
Nitrogen (mgbl [ 

where: 

A t  water temperatures equal to or greater than lffc, f(TI - 1 

At  water temperatures less than 1 8 ~ .  flT1 - 1 + 1#.734H 

1 + loOKT+'H 

2. The average concentration over any 30consecutiwday period 
shall not exceed the chronic toxicity value calculatad by: 

Chronic Toxicity 
Value for Un-ionized = 0.822 
Ammonia Nirrogen 

Imgfl) 

where: 

A t  pH levels equal to or greater than 7.7 standard units, 
fclpHI - 1 

A t  pH levels less than 7.7 standard units, fclpHI - 
ff.7417.7pHI 

These un-ionized ammonia nitrogen criteria may be modified, if 
appropriate, to reflect local site specific conditions and to protect 
only those fish and aquatic life species or age or size classes that 
occur, or are desired, within a certain water body. Such site- 
specific modifications shall be conducted in conformance with 
the guidelines set forth in U. S. Environmental Protection Agency, 

tions, however, should be used with caution because of a reletiva 
scarcity of toxicity information on less sensitive fish and aquatic 
life species. 

g~nauthorized concentrations of substances are not permitted that 
alone or in combination with other materials present are toxic ro 
fish or other aquatic life. The determination of the toxicity of 
a substance shall be based upon the aveilable scientific data base. 
References to be used in determining the mxicify of a substance 
shall include, but not be limited to, the Federel Register, Pert V, 
Environmental Protection Agencf, 'Water Qualify Criteria Docu- 
ments, Availability," November 28, 1980; Quality Criteria for 
Water, EPA-94019-76.003. U. S. Environmental Protection Agency, - 
Washmngton, 0. C., 1976; and Water Qual~fy Ctiterte. 1972, EPA. 
R3.73 00.3 National Academv of Sciences. National Acsdemv 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 toxicify to  fish and other biota shall be resolved in 
accordance with the methods specified in Water Quality Criteria 
1972 end Standard Methods for the Examination of Water and 
=water, 14th Edition, American Public Health Association, 
New York, 1975. or other methods approved by the Department 
of Netural Resources. 

Source: Wirconsin Depanment of Natural Resources and SEWRPC. 



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 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 
engineering techniques developed for this purpose- 
such as hydrologic, hydraulic, and water quality 
simulation-to quantitatively test the performance 
of the proposed facilities as part of a total system, 
thereby permitting adjustment of the spatial 
distribution and capacities of the facilities 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 any one plan proposal will meet all the stan- 
dards 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 standard complements. Third, it must be 
recognized that certain objectives may be in 
conflict and that such conflict will require resolu- 
tion through compromise; such compromise is an 
essential part of any design effort. The degree to  
which the recommended Oak Creek 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 engineering 
design criteria and analytic procedures were util- 
ized 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 
those subelements, and in the making of the 
necessary economic comparisons. While these 
engineering 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 stormwater 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 funda- 
mental criterion for both local and watershed 

drainage planning is the rainfall intensity-duration- 
frequency relationship representative of the water- 
shed 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 
Appendix C. The curves in Figure C-1 and the 
equations in Table C-1 are directly applicable 
to urban stormwater control system design using 
the rational formula: with the equations being 
intended primarily for incorporation into digital 
computer programs used in stormwater 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 vari- 
ation 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 
the months of July, August, and September. All 
these rainfall relationships are directly applicable 
to the Oak Creek watershed as well as to the South- 
eastern Wisconsin Planning Region. 

Storm Sewer Design Criteria 
Rainfall intensitydwation-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 

4 ~ o r  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 
of Runoff 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 "Development of Equations for Intensity- 
Duration-Freuuency Relationships" by S. G. 
Walesh, S E W R P C - T ~ C ~ ~ ~ C ~ ~  ~ e l o r d ,  volume 3, 
No. 5, March 1973. 



slope, and soil type, are presented in Appendix C, 
Figure C-5, and Table C-2.5 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 nonfloodland 
development, a unique discharge-frequency rela- 
tionship which is normally presented graphically 
and relates possible annual peak discharges in cubic 
feet per second to the average frequency or recur- 
rence interval in years at which the indicated 
discharge will be reached or exceeded. Discharge- 
frequency analyses of annual flood peaks were 
conducted under the Oak Creek watershed study 
according to the log Pearson Type I11 method of 
analyses as recommended by the U. S. Water 
Resources council6 and as specified by the Wiscon- 
sin Department of Natural ~esources .~  In the 
absence of suitable, long-term flow records at all 
points of interest or concern within the watershed, 
the discharge-frequency analyses were applied 
to simulated annual peak discharges throughout 
the watershed stream system so as to produce, 
in effect, watershedwide simulated discharge- 
frequency relationships. The simulated annual peak 
discharges were obtained for various combinations 
of floodland and nonfloodland development using 
a calibrated hydrologic-hydraulic model as de- 
scribed in Chapter VIII. The resulting discharge- 
frequency relationships were used to determine the 
magnitude of the 100-year recurrence interval regu- 
latory flood, and to compute the monetary flood 
damages and calculate the economic benefits 
associated with alternative floodland management 
measures. 

Design Flood 
The design flood adopted for the Oak Creek 
watershed is that event having a 100-year recur- 

United States Water Resources Council, Guide- 
lines for Determining Flood Flow Frequency, 
Bulletin No. 1 7  of the Hydrology Committee, 
Washington, D. C., March 1976. 

"Wisconsin's Floodplain Management Program," 
Wisconsin Administrative Code, Chapter NR 11 6, 
Register, July 1977, No. 259. 

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 100-year recurrence interval floodlands, which 
in turn served as the basis for development and 
testing of alternative plans and selection of the 
recommended plan. For example, the 100-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 dictated 
by careful consideration of factors such as available 
hydrologic data, watershed flood characteristics, 
and costs attributable to flooding relative to bene- 
fits accruing from various floodplain management 
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 pur- 
poses have a specific recurrence interval so that 
the costs and benefits of alternative flood control 
plans can be analyzed along with the advantages 
and disadvantages of various levels and combina- 
tions of police power regulations, public acquisi- 
tion, and public construction for flood damage 
abatement and prevention. The Commission has 
selected the 100-year recurrence interval flood as 
the design flood for all of its watershed planning 
efforts for the following reasons: 

1. A 100-year recurrence interval flood ap- 
proximates, 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 all streams within the Region have 
experienced floods as large as the 100-year 
recurrence interval flood. For example, the 
largest flood of record for the Menomonee 
River watershed, as recorded near the 
watershed outlet at Wauwatosa, is esti- 
mated to have had a recurrence interval of 
100 years; the two largest floods of record 
for the Milwaukee River watershed, as 
measured near the watershed outlet at 
Milwaukee, are estimated to have had a 
recurrence interval of 77 years; the largest 
flood of record for the Fox River water- 
shed, as observed near the watershed outlet 
at Wilmot near the Wisconsin-Illinois 
border, is estimated to have had a recur- 



rence interval of 37 years; the largest flood 
of record for the Root River watershed, as 
determined in Racine at the watershed 
outlet, is estimated to have had a recur- 
rence interval of 100 years; the large flood 
of April 21, 1973, in the Kinnickinnic 
River watershed is estimated to have had 
a recurrence interval of about 60 years as 
recorded at S. 7th Street in the City of 
Milwaukee; and the largest flood of record 
for the Pike River watershed, as determined 
in Kenosha at the mouth of the river, is 
estimated to have had a recurrence interval 
of 60 years. For regulatory purposes, the 
use of a flood event that is similar in terms 
of peak flood stages and area of inundation 
to the most severe flood which has actually 
occurred within the Region provides a 
means by which engineers, planners, and 
community leaders can meaningfully relate 
the seriousness of the flood problem to the 
public, and thereby obtain an understand- 
ing of the need for floodland management. 

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 associ- 
ated 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 interest 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 frequently as, 
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 
selection of a more severe event, such as 
the recurrence interval floods of 25, 50, 
and 100 years. Hydrologic and hydraulic 
analyses completed as part of comprehen- 

sive Commission watershed studies indicate 
that the streams and rivers of southeastern 
Wisconsin 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 charac- 
teristic of the streams of the Planning 
Region, large increments of additional dis- 
charge are accommodated with relatively 
small stage increases. Therefore, the stage 
of a 100-year recurrence interval flood will 
normally be only a few feet above the 
10-year stages, although discharges of the 
former are usually almost twice those of 
the latter. The differences between the 
stages of a 25- or 50-year recurrence inter- 
val flood event and of the 100-year recur- 
rence 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 
probability of occurrence, yet entails only 
a relatively small incremental increase in 
stage and, therefore, in the area subject to 
regulation. Thus, the 100-year event, as 
opposed to the 25- or 50-year event, is 
recommended as the basis for floodland 
regulation. 

3. The 100-year recurrence interval flood was 
recommended for use by federal agencies 
for floodplain management purposes in 
196g8 by the U. S. Water Resources 
Council, an organization composed of 
representatives of federal offices and 
agencies concerned with water resource 
problems. This recommendation, in effect, 

U. S. Water Resources Council, 
Hazard Evaluation Guidelines for Federal Execu- 
tive Agencies, Washington, D. C., September 1969. 



formalizes a generally accepted practice 
followed by federal agencies, such as the 
U. S. Army Corps of Engineers and the 
U. S. Soil Conservation Service, of using 
the 100-year recurrence interval flood as 
the design flood 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 particularly important with respect to 
any plan recommendations that require 
federal participation for implementation. 

4. Subsequent to the Commission recom- 
mendation that the 100-year recurrence 
interval flood serve as the basis for flood- 
land regulations in southeastern Wisconsin, 
the Wisconsin Legislature, in August 1966, 
enacted the State Water Resources Act. 
The Act authorizes and directs the Wiscon- 
sin Department of Natural Resources to 
carry out a statewide program leading to 
the adoption of reasonable and effective 
floodland regulations by all counties, cities, 
and villages. One of the requirements of the 
resulting state floodplain 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 
recommended by the Commission, is now 
mandatory within Wisconsin. 

Digital Computer Utilization 
Digital computers were used extensively in the 
conduct of the Oak Creek 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 
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. The digital 
computer was used extensively in the Oak Creek 
watershed planning program for the three reasons 
discussed below. 

First, use of the digital computer encourages, and 
in fact demands, a systematic, disciplined approach 
to the planning process by participating engineers, 
planners, and technicians. Because successful com- 
puter operation requires that all desired operations 
be completed and correctly programmed, each 
watershed study work element intended for 
computer utilization must 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 alpha-numerical information, facilitate 
the retrieval and processing of such information, 
and accurately perform large numbers of repetitive 
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, through computer usage, the basic watershed 
study data and information are 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 water- 
shed plan. 

Economic Evaluation 
The concepts of economic analysis and economic 
selection are vital to the public planning process. A 
sound economic analysis of benefits and costs 
should be an important guide to planners and 
decision-makers in the selection of the most suit- 
able plan from an array of alternatives. All decisions 
concerning monetary expenditures, either private 
or public, are implicitly based on an evaluation of 
benefits and costs. This is not to imply that a 
formal economic analysis is conducted of every 
expenditure. However, decision-making process 
does consider whether the benefit received would 
be worth the amount paid. Benefits are not neces- 
sarily quantifiable in monetary 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 
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 decision-making process 
itself implies an evaluation of which alternative is 
considered to be worth the most. When investment 
for future benefits is considered, one alternative 
that should always be considered is the benefit that 
could be received from investment in the money 
market. This benefit is expressed in the prevailing 
interest rate. 

Personal and private decisions, broadly defined, 
are not necessarily based upon either formal or 
objective evaluation of monetary benefits and 
costs. Public officials, however, have a responsibil- 
ity to evaluate objectively and explicitly the mone- 
tary 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 inter- 
est. It is emphasized that public expenditures 
should not be expected to "make money," but 
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 whomsoever they may 
accrue are in excess of the estimated costs." 
The monetary value of a benefit has since been 
defined as the amount of money which an indi- 
vidual 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. 

An excess of benefits over costs, however, 
is not a sufficient criterion on which to 
base a watershed plan recommendation; 
and, therefore, among those alternative 
plan elements exhibiting benefit-cost ratios 
greater than one, the alternative with the 
greatest difference 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 
criterion for selection of an alternative, 
since the amount of public funds available 
or potentially available, and public atti- 
tudes toward a particular plan element, 
must be considered in selecting from 
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. 

The benefits that could be achieved through 
implementation of a comprehensive plan for the 
Oak Creek watershed include floodland manage- 
ment; recreational opportunities; the provision of 
efficient community utilities and facilities; the 
enhancement of property values; and the preserva- 
tion of recreational, scenic, cultural, and ecological 
values. Costs which could be incurred in imple- 



mentation of the watershed plan include construc- 
tion and land acquisition costs, and the 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. For example, because of its 
subjective interpretation of benefits and costs, 
the community may 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 knowledge 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. The benefits of one 
project may be realized earlier than are those of 
another, while the time flow of costs may vary 
from one large initial investment for one project 
to small but continuously 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 in the 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 
from 4 to 8 percent interest after 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 Oak 
Creek 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 Oak Creek 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. However, 
the total present worth of the benefits for the 
50-year period, from year one through 50, 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. 

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 Oak 
Creek watershed planning studies, tangible benefits 



might include flood damage reduction, enhance- 
ment of property values, and those parts of recrea- 
tion and water quality management to which a 
monetary value can be assigned. Intangible benefits 
include the aesthetic factors derived from natural 
beauty and a pleasant environment. Intangibles 
also include benefits, such as improved efficiencies 
in community utilities and facilities, that have 
monetary values which are impracticable to  calcu- 
late. The exact procedures used to compute 
benefits commensurate with alternative plans 
are discussed later in this report in conjunction 
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; and expenditures for engineering, legal work, 
and project administration. The costs of structural 
facilities were calculated using 1984 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 1984 market 
prices for land in the Oak Creek 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 in 
public ownership. A financial analysis involves an 
examination of the liquidating characteristics of 
the project from the point of view of the particular 
government agency undertaking the project. The 
relevant matters are the monetary disbursements 
and monetary receipt of the project. The financial 
analysis determines whether or not the prospective 
available funds are adequate to cover all 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 legiti- 
mate 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 
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 

construction permits lower initial capital invest- 
ments, reduces interest costs, and allows for 
flexibility in continued planning. Staging develop- 
ments may also allow an element to be deferred 
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 unavailability of 
land. In any development, staging also serves to 
lower risks incurred because of unavailability of 
data during preparation and partial implementation 
of initial plans. 

SUMMARY 

The formulation of objectives and standards is a 
difficult but necessary part of the planning process. 
It is readily conceded that regional and watershed 
development plans must advance development 
proposals which are physically feasible, economi- 
cally 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 water- 
shed development objectives must be compatible 
with, and dependent upon, regional development 
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 into, previously adopted regional 
development objectives, supplemented only as 
required to meet the specific needs of the Oak 
Creek watershed planning program. The develop- 
ment objectives adopted for the watershed plan 
consist of seven of the eight adopted regional land 
use planning objectives, all of the five adopted 
water quality management planning objectives, 
two of the seven adopted regional park and open 
space planning objectives, and two of the four 
water control facility objectives adopted under 
previous Commission comprehensive watershed 
planning studies. 



In addition to presenting and discussing the objec- 
tives, principles, and standards adopted for the 
Oak Creek watershed, this chapter presents the 
engineering design criteria and analytic procedures 
used in the watershed study. These criteria and 
procedures were used to synthesize an Oak Creek 
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 the design flood selected 
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. 



Chapter XI 

RECOMMENDED LAND USE PLAN AND 
PARK AND OPEN SPACE PLAN FOR THE WATERSHED 

INTRODUCTION 

The demographic and economic base and the 
existing land use pattern of the Oak Creek water- 
shed were described in Chapter I11 of this report. 
Forecasts of probable future population and 
economic activity levels, together with attendant 
demands for various land uses within the water- 
shed, were set forth in Chapter IV. Under the 
alternative future selected for use in the watershed 
planning effort, the resident population of the 
watershed would increase from the 1980 level of 
about 39,700 persons to a year 2000 level of about 
70,000 persons, an increase of about 76 percent 
over the 20-year period. Similarly, employment 
within the watershed would increase from the 
1980 level of about 20,000 jobs to a year 2000 
level of about 27,300 jobs, an increase of about 36 
percent. This growth in population and employ- 
ment would require the conversion of an additional 
11.1 square miles of land within the watershed 
from rural to urban uses, increasing the amount of 
land devoted to urban use from about 13.2 square 
miles in 1980 to about 24.3 square miles in 2000, 
an increase of about 84 percent. The demand for 
urban land will have to be satisfied primarily 
through the conversion of a large portion of the 
remaining agricultural and other open lands of the 
watershed to urban uses. This conversion, if 
unplanned or poorly planned, and if not properly 
related to the natural resource base, may be 
expected to further intensify the developmental 
and environmental problems of the watershed. 

use plan must, therefore, constitute a major 
element of any comprehensive plan for the devel- 
opment of the Oak Creek 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 and water quality management 
plan elements for flood control and pollution 
abatement should be mutually supportive in that 
land use development will determine to a consider- 
able extent the loading on the water control and 
water quality management facilities, while those 
facilities will, in turn, influence land use develop- 
ment, 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 watershed 
boundaries, a land use plan for a watershed within 
such a region must be set within the framework 
of an areawide--or regional-land use plan. The 
watershed land use plan recommended herein is 
accordingly set within the context of, and reflects 
the concepts contained in, the adopted regional 
land use plan for the design year 2000. That plan 
is fulls documented in SEWRPC Planning Report 

It  is therefore important that new urban develop- No. 25, A Regional Land Use Plan and akegibnal 
ment within the watershed be properly related to Transportation Plan for Southeastern Wisconsin: 
soil capabilities, to the wetlands and woodlands of 2000, Volume Two, Alternative and Recom- 
the watershed, to the floodlands of the streams and mended Plans. The regional land use plan seeks to 
watercourses of the watershed. and to established encourage the centralization of urban development 
utility systems. If the intensification of develop- 
mental and environmental problems is to be 
avoided and the serious problems of flooding and 
water pollution already existing within the Oak 
Creek watershed are to be abated, new urban 
development within the watershed must assume a 
pattern which is more carefully adjusted to the 
ability of the underlying and sustaining natural 
resource base to support such development. A land 

- 
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 
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 environ- 
mental corridors, while constituting only about 17 
percent of the total area of the Region, encompass 
almost all of the best remaining woodlands, wet- 
lands, wildlife habitat areas, surface waters, and 
associated undeveloped floodlands and shorelands; 
areas covered by organic soils; areas of rough 
topography and significant geological formations; 
sites having scenic, scientific, and cultural value; 
areas of groundwater recharge and discharge; and 
the best remaining potential park and related open 
space sites. Protection and preservation 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. Such protection and preserva- 
tion is also necessary to avoid the intensification of 
existing developmental and environmental prob- 
lems, such as flooding and water pollution, and to 
avoid the creation of new problems of this type. 
The topography, soils, and flood hazards in these 
corridors, moreover, make them poorly suited to 
intensive urban development of any kind, but well 
suited to recreational and conservancy uses. 

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 more 
precisely reflect the flood hazards existing in the 
riverine areas of the watershed as determined under 
the watershed planning program, to reflect recent 
local development decisions regarding major trunk 
sewer locations, and, to the extent practicable, to 
reflect the proposals contained in existing com- 
munity 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 

' The following local land use and related plans 
were also utilized in the preparation of the water- 
shed land use plan: Barton-Aschman Associates, 
Inc., comprehensive Plan, 1973, City o f  Oak 
Creek, 1973; Maynard W. Meyer & Associates, 
Master Plan Report for the City of South Milwau- 
kee. 1963: u n ~ u  blished nebzhborhood unit devel- - 
ophent for the southwood and Franklin 

SEWRPC Planning Report No. 25 and were judged 
to remain valid and attainable within the context 
of the more detailed watershed development 
plan. These objectives, principles, and standards 
were refined and detailed under the watershed 
planning effort as described in Chapter X of 
this report. 

REGIONAL PARK AND OPEN SPACE PLAN 

Following completion and adoption of the 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 fully consis- 
tent with the recommendations in the adopted 
regional land use plan, represent refinements of 
those recommendations 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 recommendations for the preservation of 
the remaining primary environmental corridors of 
the Region through appropriate combinations of 
public acquisition and land use regulation. The 
outdoor recreation element is composed of two 
components: a resource-oriented outdoor recrea- 
tion component containing recommendations for 
the location, size, and development of large parks 
and recreation corridors within the Region, and an 
urban-oriented recreation component containing 
recommendations concerning the location, size, 
expansion, and development of community and 
neighborhood parks within the urban areas of the 
Region. The recommendations of the regional park 
and open space plan were incorporated into the 
land use plan for the Oak Creek watershed plan, 
with refinements as necessary to reflect the most 

Neighborhoods in the City of Franklin; SEWRPC 
Community Assistance Planning Report No. 15, 
Off-Airport Land Use Development for General 
Mitchell Field and Environs: 1977; Amendment 
to the Regional Transportation Plan-2000, Lake 
Freeway South Corridor, as adopted by the 
SEWRPC 1981; and the zoning ordinances and 
zoning district maps adopted by the municipalities 
within the watershed. 



recent public actions concerning the acquisition 
and development of park and open space sites 
within the ~ a t e r s h e d . ~  

WATERSHED LAND USE PLAN 

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 Oak Creek watershed. The watershed land 
use plan would meet the social, physical, and 
economic needs of the future resident population 
of the watershed by allocating sufficient land to 
each of the various major land use categories to 
satisfy the known and anticipated demand for each 
use, meeting to the extent practicable both the 
demands of the urban land market and the design 
standards developed for the updated regional land 
use plan. Under the regional land use plan, the 
allocation of future land uses within each county 
of the Region is based on the demand for land 
which may be expected to be created by the 
forecast resident 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 devel- 
opment 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 public 
transit services. 

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 environmen- 

* ~ o c a l  park and open space plans, as well as the 
local land use plans identified in footnote 1, were 
also utilized in the preparation o f  the park and 
open space element of the land use plan for the 
watershed. Such local plans included: City o f  Oak 
Creek Plan Commission. Practical Environmental 
Preservation, a revised parks master plan for the 
City o f  Oak Creek, 1980; and Milwaukee County 
park commission. Guide for Growth. 1978. 

tal problems within the Region and the watershed. 
This land use plan is shown in graphic summary 
form on Map 45 and in Figure 51, and is more 
specifically described in the following sections of 
this chapter. 

In order to meet the needs of the expected resident 
population and employment, the amount of land 
devoted to urban use within the watershed, as 
indicated in Table 78, is projected to increase from 
the 1980 total of about 13.2 square miles, or about 
47 percent of the total area of the watershed, to 
about 24.3 square miles, or about 87 percent of 
the total area of the watershed, by year 2000. It is 
important to note that the 13  percent of the 
watershed remaining in rural use would be com- 
prised of woodlands, wetlands, and floodlands 
proposed to be permanently preserved through 
joint state-local zoning or public acquisition. Thus, 
the watershed land use plan as presented herein 
may be regarded as an "ultimate" plan, as well as a 
plan for the design year 2000. The demand for 
urban land will have to be satisfied primarily 
through the conversion of a large portion of the 
remaining agricultural and other open lands of the 
watershed from rural to urban uses. Such rural land 
uses may thus be expected to decline collectively 
from about 14.6 square miles in 1980 to about 3.5 
square miles in the year 2000, a decrease of about 
76 percent between 1980 and 2000. Under the 
land use plan, then, the Oak Creek watershed 
would take on an essentially fully developed 
character by the plan design year 2000. 

In 1980, about 56 percent of the total area of the 
watershed and approximately 95 percent of the 
total resident population of the watershed were 
served by public sanitary sewerage facilities. By the 
plan design year, all the urban areas within the 
watershed are proposed to be served by public 
sanitary sewerage facilities. 

Residential Land Use 
As indicated in Table 78, about 5.35 square miles, 
or about 19 percent of the total area of the water- 
shed, are presently devoted to residential use. 
About 5 square miles is proposed to be added to 
the existing stock of residential land in the water- 
shed between the years 1980 and 2000. This new 
urban development is proposed to occur primarily 
at medium residential 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. 



Map 45 

RECOMMENDED LAND USE AND PARK AND OPEN SPACE PLAN FOR THE OAK CREEK WATERSHED: 2000 
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Retail Service Land Use 
In addition to neighborhood, community, and 
highway-oriented commercial areas, one regional 
commercial center--the Oak Creek Center-is 
proposed to be located in the watershed. Under the 
recommended land use plan, this center would be 
located between Puetz Road and Drexel Avenue 
west of IH 94 (see Map 45). Under the Oak Creek 
watershed plan, the total amount of land used for 
commercial purposes is proposed to be increased 
by about 0.82 square mile-from about 0.33 square 
mile in 1980 to about 1.15 square mile in 2000, an 
increase of about 248 percent. 

Industrial Land Use 
Land devoted to industrial activity would be 
located primarily in two regional industrial 
centers--the existing Cudahy-South Milwaukee 

regional industrial center located along and in the 
vicinity of the more easterly of the two Chicago & 
North Western Transportation Company railway 
lines through the watershed; and the Oak Creek 
regional industrial center proposed to be located 
south of General Mitchell Field near the inter- 
section of IH 94 and Rawson Avenue (see Map 45). 
Under the Oak Creek watershed plan, the amount 
of land used for industrial purposes is proposed to 
be increased by 2.26 square miles-from 0.77 
square mile in 1980 to 3.03 square miles in 2000, 
an increase of about 293 percent. 

Governmental and Institutional Land Use 
In addition to  the neighborhood and the com- 
munity governmental and institutional centers, one 
regional center-the Milwaukee Area Technical 
College south campus-is located in the watershed. 
This center is located north of Rawson Avenue 
and west of Howell Avenue in the north-central 
portion of the watershed (see Map 45). In addition, 
as indicated in Table 78, the land use plan envi- 
sions a total increase of approximately 0.19 square 
mile in governmental and institutional land uses, 
an increase of about 29 percent over the plan 
design period. 

Transportation, Communication, 
and Utility Land Uses 
Transportation and related activities are inherently 
large consumers of land and, along with residential 
lands, represent the most extensive type of urban 
development in the watershed. Under the adopted 
regional transportation plan, some additional major 
transportation facilities would be provided in the 
watershed by the plan design year 2000. A limited 
access surface arterial highway is proposed to 
be located along the more westerly of the two 
Chicago & North Western Transportation Company 
railway lines through the watershed. Two addi- 
tional freeway interchanges along IH 94 in the 
watershed are proposed to be provided--one at 
Drexel Avenue and the other at Puetz Road. In 
addition, as shown on Map 45, other new arterial 
highway segments, including the relocation of a 
portion of STH 100, would be developed under 
the plan. A parkway drive is also proposed to 
be provided within and adjacent t o  Milwaukee 
County-owned parkway lands, ultimately provid- 
ing a parkway drive connecting the Oak Creek 
Parkway in South Milwaukee to the Root River 
Parkway in Racine County. The remaining trans- 
portation lands proposed in the watershed would 
be provided to  meet the need for additional land 
access, collector, and arterial streets to serve 
planned urban development to the design year. As 



Table 78 

EXISTING AND PROPOSED LAND USE IN THE OAK CREEK WATERSHED: 1980 AND 2000 

Source: SEWRPC. 

indicated in Table 78, transportation, communica- 
tion, and utility land uses in the watershed may be 
expected to increase by about 2.54 square miles, or 
by about 48 percent, over the plan design period. 

Land Use Category 

Urban 
. . . . . . . . . . . . . .  Residential 

Retail and Services. . . . . . . . . .  
Industrial . . . . . . . . . . . . . . .  
Transportation, Communication, 

and Utilities. . . . . . . . . . . . .  
Governmental and Insti tut ional . . 
Recreational . . . . . . . . . . . . .  

Urban Total 

Rural 
Woodlands, Wetlands, and 

Surface Water. . . . . . . . . . . .  
Agricultural and Other 

Open Lands. . . . . . . . . . . . .  

Rural Tota l  

Watershed Total 

Recreational Land Use 
As indicated in Table 78, the plan envisions recrea- 
tional land uses in the watershed to increase by 
about 0.28 square mile, or by 36 percent-from 
0.77 square mile in 1980 to 1.05 square miles in 
2000. One major undeveloped county-owned 
park-Falk Park-is located in the west-central 
portion of the watershed. In addition, small parts 
of two existing regional parks owned by Milwaukee 
County--Grant Park and Oakwood Park-are 
located within the watershed (see Map 45), and an 
undeveloped regional park owned by Milwaukee 
County-Bender Park-is located about one-half 
mile from the southeastern corner of the watershed 
on Lake Michigan in the City of Oak Creek. A 
more detailed description of recommended park 
and open space reservation and development 
actions is presented in a later section of this 
chapter. 

Percent 
o f  

Watershed 

37.4 
4.1 
10.9 

28.2 
3.1 
3.8 

87.5 

5.3 

7.2 

12.5 

100.0 

Area 
(square 
miles) 

10.37 
1.15 
3.03 

7.83 
0.85 
1.05 

24.28 

1.48 

1.98 

3.46 

27.74 

Rural Land Uses 
The recommended increases in urban land uses in 
the watershed would result in a corresponding 
decrease in rural land uses, including woodlands, 
wetlands, and agricultural and other open land. 
The existing stock of such land within the water- 
shed would decrease significantly from about 
14.57 square miles in 1980 to about 3.46 square 
miles in 2000. Thus, by the year 2000, only about 
1 3  percent of the total area of the watershed 
would remain in rural land uses. As indicated in 
Table 78, woodlands, wetlands, and surface water 
combined covered a total of 2.06 square miles in 
the watershed in 1980. Generally, the Commission 
recommends that such natural resource features be 
preserved in natural open uses, especially when 
such features are located within the environmental 
corridors. However, certain commitments by 
local units of government within the watershed- 
including the loss of such lands envisioned on 
locally approved subdivision platting layouts and 
official maps, and in local zoning ordinances and 
zoning district maps-would result in the loss of 
about 0.58 square mile, or about 28 percent, of 

Area 
(square 
miles) 

5.35 
0.33 
0.77 

5.29 
0.66 
0.77 

13.17 

2.06 

12.51 

14.57 

27.74 

Total 2000 

Percent 
o f  Major 
Category 

42.7 
4.8 
12.5 

32.2 
3.5 
4.3 

100.0 

42.8 

57.2 

100.0 

Planned 

Area 
(square 
miles) 

5.02 
0.82 
2.26 

2.54 
0.1 9 
0.28 

11.11 

-0.58 

-10.53 

-1 1 .I 1 

Increment 

Percent 
Change 

93.8 
248.5 
293.5 

48.0 
28.8 
36.4 

84.4 

-28.2 

-84.2 

-76.2 

Existing 1980 

Percent 
of Major 
Category 

40.6 
2.5 
5.8 

40.3 
5 .O 
5.8 

100.0 

14.1 

85.9 

100.0 

Percent 
o f  

Watershed 

19.3 
1.2 
2.8 

19.0 
2.4 
2.8 

47.5 

7.4 

45.1 

52.5 

100.0 



such lands in the watershed. The remaining 1.48 
square miles would be preserved and protected in 
essentially natural open uses. 

As further indicated in Table 78, there were about 
12.51 square miles of agricultural and other open 
lands in the watershed in 1980. Of this total, 
about 10.53 square miles, or about 84 percent, 
would be converted to urban uses. As shown on 
Map 45, the remaining 1.98 square miles are 
located primarily in the southern and southeastern 
portion of the watershed and generally consist of 
lands used for agricultural purposes within the 
100-year recurrence interval flood hazard area 
along Oak Creek. 

OPEN SPACE PRESERVATION 
PLAN ELEMENT 

The proposed land use plan for the Oak Creek 
watershed recommends the preservation in essen- 
tially natural, open uses of almost all of the envi- 
ronmental corridors and isolated natural areas 
remaining in the watershed. In addition, the plan 
recommends the restoration of wetland vegetation 
on certain lands currently used for agricultural 
purposes within existing and proposed county- 
owned parkway boundaries. The recommenda- 
tions directed at the preservation of primary 
environmental corridors, secondary environmental 
corridors, and isolated natural areas, and at the 
restoration of wetlands in the watershed are 
presented below. 

Primary Environmental Corridors 
The existing primary environmental corridors in 
the Oak Creek watershed encompass about 447 
acres, or about 3 percent of the total area of the 
watershed. In comparison, 17 percent of the 
Region is in primary environmental corridor. 
As indicated in Chapter I11 of this report, these 
corridors are located along the lower reaches of the 
main stem of Oak Creek in the City of South 
Milwaukee, and in an area encompassing a large 
concentration of wetlands and woodlands in the 
southeastern corner of the watershed in the City of 
Oak Creek. The existing Oak Creek Parkway 
encompasses a significant proporation of the 
existing primary environmental corridor lands in 
the watershed and serves to protect and preserve 
these lands. It is accordingly recommended that 
these public parkway lands, encompassing 229 
acres, or 51 percent of primary envronmental 
corridors within the watershed, continue to be 
used for resource preservation and limited recrea- 

tional purposes as indicated in Table 79. It  is 
further recommended that an additional 188 
acres, or an additional 42 percent, of the primary 
environmental corridor lands in the watershed 
be publicly acquired so that almost all of the 
remaining primary environmental corridor lands in 
the watershed would be protected through public 
ownership. About 30 acres, or about 7 percent of 
the existing environmental corridor lands, are 
proposed to be converted to urban use, reflecting 
committed local planning and zoning decisions. Of 
these 30 acres, five acres, or about 17 percent, are 
wetlands. Such wetlands are all located outside 
state-identified shoreland and floodplain areas, and 
thus are not subject to regulation under Chapter 
NR 117 of the Wisconsin State Statutes. The 
additional 188 acres of the existing primary 
environmental corridor lands would be acquired 
for public use over the plan design period at an 
estimated cost of $500,000, expressed in 1980 
dollars. Actual costs of acquisition of the corridor 
lands could be expected to range from about $500 
per acre for wetlands to about $14,000 per acre 
for uplands. 

As further indicated in Table 79, it is recom- 
mended that certain lands owned by Milwaukee 
County and lands proposed to be acquired by the 
County as part of the Oak Creek Parkway be 
restored to wetland vegetation, thereby restoring 
and re-creating primary environmental corridor 
lands. Specifically, all those lands located within 
the 100-year recurrence interval flood hazard area 
along Oak Creek and certain adjacent lands covered 
by soils characteristic of wetlands within the 
existing or proposed parkway boundaries, includ- 
ing lands currently classified as secondary envi- 
ronmental corridors and isolated natural areas, are 
recommended to be so restored. Under this pro- 
posal, about 258 acres of secondary environmental 
corridor204 acres currently in public ownership 
and 54 acres/ proposed for public acquisition- 
would be canverted to primary environmental 
corridor. In addition, 12 acres of isolated natural 
area lands-4 acres currently in public ownership 
and 8 acres proposed for public acquisition-would 
be converted to primary environmental corridor. 
Finally 309 acres of other open lands-249 acres 
currently in public ownership and 60 acres pro- 
posed for public acquisition-would be converted 
to primary environmental corridor under this 
proposal. In total, 579 acres-including 457 acres 
of existing county-owned lands and 122 acres of 
lands proposed for county ownership-would be 
restored to primary environmental corridor. The 



Table 79 

EXISTING AND PROPOSED ENVIRONMENTAL CORRIDORS, ISOLATED NATURAL AREAS, 
AND OTHER OPEN LANDS I N  THE OAK CREEK WATERSHED: 1980-2000 

a ~ a n d s  located within the 100-year recurrance interval flood hazard area and/or 
sewer service. 

Source: SEWRPC. 

122 acres proposed for county ownership would be 
acquired over the plan design period at an esti- 
mated cost of $440,000, expressed in 1980 dollars. 

Classification and Status 
of Open Lands 

Existing 1980 Area 

Proposed Changes to Open Lands: 
1980-2000 
Areas Proposed to be Converted 
to Urban Uses (local planning 
and zoning decision). . . . . . . . . .  

Primary Environmental Corridors 
Proposed for Public 
Acquisition . . . . . . . . . . . . . . .  

Secondary Environmental Corridors 
Proposed to be Converted to 
Primary Environmental Corridors . . 

Isolated Natural Areas Proposed 
to be Converted to Primary 
Environmental Corridors . . . . . . .  

Other Open Lands Proposed to be 
Converted to Pr~mary 
Environmental Corridors . . . . . . .  

Secondary Environmental Corridors 
Proposed to Converted to 
Isolated Natural Areas. . . . . . . . .  

Total Year 2000 Area 

Other Open ~ a n d s ~  

As indicated in Table 79, a total of 996 acres, or 
almost 6 percent of the total area of the watershed, 
would be encompassed within the primary environ- 
mental corridors by the plan design year. All of 
this corridor area would be protected by public 
ownership. Of this total, 229 acres, or 23 percent, 
were primary environmental corridors in 1980 and 
were owned as public parkway; 188 acres, or 19 
percent, were primary environmental corridors in 
1980 and were proposed for preservation through 
acquisition for public parkway purposes; and 
579 acres, or 58 percent, were areas subject to 
flood hazard or covered by soils poorly suited to 
any urban use located within existing or proposed 
county-owned parkway lands and proposed for 
restoration to primary environmental corridor (see 
Maps 45 and 46). 

Isolated Natural 

Public 

274 

-25 

-249 

Secondary Environmental Corridors 
The existing secondary environmental corridors in 

Public 

43 

-4 

39 

the Oak Creek watershed are located along the 

(acres) 

Private 

977 

-385 

-60 

532 

Primary Environmental 

covered b y  soils poorly suited to urban development even with public sanitary 

Total 

1,251 

-410 

-309 

532 

Secondary Environmental 
Areas (acres) 

Private 

179 

-32 

-8 

+64 

203 

upper reaches of the main stem of Oak Creek 
upstream from the primary environmental corri- 
dors along Oak Creek, along the North Branch of 
Oak Creek, and along several intermittent streams 
tributary to Oak Creek and the North Branch of 
Oak Creek. It is recommended that the secondary 
environmental corridor lands which are presently 
held in public park and open space use be main- 
tained in such ownership. Those secondary envi- 
ronmental corridor lands not presently held in 
public 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 in open uses as may be 
needed for local parks, drainageways, and storm- 
water detention or retention basins. It  is important 
to note in this respect that, in urban areas, secon- 
dary environmental corridor lands may serve as 
particularly suitable locations for these uses. Thus, 
public acquisition of secondary environmental 
corridor lands may be appropriate, particularly 
when the opportunity is presented to incorporate 
such corridors into urban stormwater detention 
areas, associated drainageways, and neighbor- 
hood parkr.. 

Total 

447 

-30 

+258 

+ I  2 

+309 

996 

Public 

320 

-204 

116 

Total 

222 

-32 

-12 

+64 

242 

Public 

229 

+I88 

+258 

+12 

+309 

996 

Corridor (acres) 

Private 

218 

-30 

-188 

-- 

-- 

Corridor (acres) 

Private 

832 

-188 

-54 

-64 

526 

Total 

1,152 

-188 

-258 

-64 

642 



Map 46 

EXISTING AND PROPOSED ENVIRONMENTAL CORRIDORS. ISOLATED NATURAL AREAS, 
AND OTHER OPEN LANDS IN THE OAK CREEK WATERSHED: 1980-2000 
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As shown in Table 79, of the 1,152 acres of 
secondary environmental corridors in the water- 
shed, about 320 acres, or 28 percent, were held in 
public park and open space uses in 1980. As in the 
case of the primary environmental corridors, 
certain secondary environmental corridor lands are 
proposed to be converted to urban uses in order to 
recognize local planning and zoning decisions. 
Under the Oak Creek watershed plan, then, about 
188 acres, or 16 percent of the secondary envi- 
ronmental corridors existing in the watershed in 
1980, would be converted to urban uses by the 
year 2000. Of these 188 acres of secondary envi- 
ronmental corridor proposed to be converted to 
urban use, 30 acres, or about 16 percent are 
wetlands. Six acres, or about 3 percent, of such 
wetlands are located within state-identified shore- 
land or floodplain areas, and thus are subject to 
regulation pursuant to Chapter NR 117 of the 
Wisconsin State Statutes. The remaining 644 acres, 
or 56 percent, would be initially protected through 
public land use regulation, and, as more detailed 
drainage and neighborhood unit planning and 
design proceeded, would be considered for public 
acquisition through purchase and/or dedication. If 
in such more detailed planning such corridor lands 
are found to be not needed for a public use, they 
could be converted to urban use.3 

As already noted, certain existing and proposed 
park and parkway lands located within the 100- 
year recurrence interval flood hazard area or in 
areas covered by soils characteristic of wetland 
vegetation and adjacent to lands classified as 
secondary environmental corridors are proposed to 
be restored to wetland vegetation. The restored 
wetlands and adjacent secondary environmental 
corridors would meet the size, length, and natural 
resource criteria for primary environmental corri- 
dors. Thus, as indicated in Table 79, about 258 
acres of lands classified as secondary environmental 
corridors in the watershed in 1980-including 204 
acres within the existing Milwaukee county-owned 

3 ~ i l w a u k e e  County has an ongoing program 
o f  adjusting county park boundaries by selling 
"excess" county park or parkway lands which are 
determined to be not needed for recreational or 
environmental preservation purposes. The sale o f  
such lands would not be considered to conflict 
with this watershed plan provided that such lands 
are not needed for county park or parkway pur- 
poses and do not contain significant natural 
resource features such as woodlands, wetlands, or 
floodland areas. 

Oak Creek Parkway and 54 additional acres on 
other lands proposed for county acquisition in the 
watershed-would be reclassified as primary 
environmental corridors as a result of the wetlands 
restoration effort. As further indicated in Table 79, 
about 64 acres, or about 5 percent of the existing 
secondary environmental corridors in the water- 
shed, would be converted to isolated natural areas, 
reflecting local planning and zoning decisions. 
Finally, then, a total of 642 acres, or about 4 per- 
cent of the watershed, would be encompassed 
within secondary environmental corridors by the 
plan design year (see Maps 45 and 46). 

Isolated Natural Areas 
In addition to the primary and secondary environ- 
mental corridors, other, smaller concentrations of 
natural resource base elements exist within the 
watershed. These concentrations are isolated from 
the remaining environmental corridors by urban I 
development or agricultural uses, and, although 
separated from the environmental corridor net- 
work, may have important natural values. It 
is recommended that such areas be preserved in 
essentially natural, open uses to the extent practi- 
cable. Those isolated natural areas currently held in 
public outdoor recreation and open space use are 
recommended to be maintained in such use, while 
the remaining isolated natural areas are recom- 
mended to be protected through public land use 
regulation. It is important to note that in urban 
areas these isolated natural areas may serve as 
particularly suitable locations for local urban park 
and open space lands; and public acquisition 
of isolated natural areas may be appropriate, 
particularly when the opportunity is presented to 
incorporate such areas into urban drainageways, 
stormwater retention or detention areas, or neigh- 
borhood parks. As indicated in Table 79, of the 
222 acres of isolated natural areas in the watershed 
in 1980, 43 acres, or 19 percent, were held in 
public ownership, and the remaining 179 acres, or 
81 percent, were in private ownership. As further I 

indicated in Table 79, 32 acres, or 14 percent of 
the existing isolated natural areas, are proposed to 
be converted to urban use, reflecting local planning 
and zoning decisions. It should be noted that none 
of the 32 acres of isolated natural areas proposed 
to be converted to urban use are wetlands. In 
addition, as previously noted, about 64 acres of I 

secondary environmental corridor would be 
converted to isolated natural area land and 12 acres 
of isolated natural area land would be converted to 
primary environmental corridor under the plan. As 
indicated in Table 79, then, about 242 acres, or 
about 1 percent of the watershed, would be 



encompassed within isolated natural areas by the 
plan design year. These lands would be initially 
protected through public land use regulation, and, 
as more detailed drainage and neighborhood unit 
planning and design proceeded, would be con- 
sidered for public acquisition through purchase 
and/or dedication. If in such more detailed plans 
such areas are found to be not needed for a public 
use, they could be converted to urban use (see 
Maps 45 and 46). 

Other Open Lands 
There are large areas of land in the watershed 
located within the 100-year recurrence interval 
flood hazard area and/or covered by soils charac- 
teristic of wetlands; such areas are poorly suited to 
urban use even with sanitary sewer service. As 
indicated in Table 79, these areas encompassed 
about 1,251 acres in 1980. Under the Oak Creek 
watershed plan, about 410 acres, or 33 percent of 
these lands, would be converted to urban use in 
order to recognize local planning and zoning 
decisions, and, as previously noted, 309 acres, or 
25 percent, would be converted to primary envi- 
ronmental corridor. The remaining 532 acres, or 42 
percent of such lands, are proposed to remain in 
agricultural and other private open uses (see Maps 
45 and 46). 

OUTDOOR RECREATION PLAN ELEMENT 

The outdoor recreation plan element of the Oak 
Creek watershed plan is composed of: l ) a  resource- 
oriented outdoor recreation component containing 
recommendations concerning the number and 
location of large parks and recreation corridors; 
and 2) an urban-oriented outdoor recreation 
component containing recommendations to guide 
the public provision of needed local parks. 

Large Parks and Recreation Corridors 
Type I and Type I1 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 I1 parks are defined to range in area from 100 
to 249 acres, while Type I parks are 250 acres or 
larger in area. Type I and Type I1 parks generally 
attract users from relatively long distances and 
serve persons of all age groups residing in both 
urban and rural areas. Type I1 parks typically 
provide a more limited variety of recreational 
facilities than do Type I parks and have a smaller 
area devoted to any given activity. 

In 1980 there were two Type I parks located 
partially within the watershed: Grant Park and 
Oakwood Park. As shown on Map 45, Grant Park is 
located in the City of South Milwaukee on the 
eastern border of the watershed, and Oakwood 
Park is located in the City of Franklin on the 
southwestern border of the watershed. The plan 
recommends the continued maintenance of these 
sites. In addition, it is recommended that Falk 
Park, a 216-acre undeveloped site owned by 
Milwaukee County, be developed as a Type I1 
park as the need becomes evident. Under this pro- 
posal, a variety of facilities for resource-oriented 
activities would be provided at an estimated cost of 
$250,000. The plan also recommends the comple- 
tion of the acquisition of the Oak Creek Parkway. 
As already noted, about 310 acres of primary 
environmental corridor lands currently held in 
private ownership are proposed for county acquisi- 
tion as part of the Oak Creek Parkway-including 
188 acres of lands classified as primary environ- 
mental corridors in 1980 and 122 acres of land 
proposed to be acquired, restored to wetlands 
during the plan implementation period, and 
reclassified as primary environmental corridors. In 
addition, under the plan about 86 acres of open 
lands would be acquired for parkway purposes at 
an estimated cost of $430,000. These lands have 
been proposed for acquisition by Milwaukee 
County to effect complete parkway development. 

A recreation corridor is defined by the Commission 
as a publicly owned ribbon of land at least 15 miles 
long 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 45, a recreation 
corridor segment is proposed to be located along 
the main stem of Oak Creek from its mouth at the 
eastern end of the watershed upstream a distance 
of about seven miles, and would connect with a 
recreation corridor proposed to be located along 
the Root River in Milwaukee and Racine Counties. 
In addition, a one-mile recreation corridor segment 
would link the Oak Creek recreation corridor to 
Bender Park. Thus, approximately eight miles of 
recreation corridor providing trails for such activi- 
ties as hiking and biking would be provided within 
the Oak Creek watershed at an estimated develop- 
ment cost of $180,000. It should be noted that the 
recreation corridor segments would be located 
primarily within the county-owned Oak Creek 
Parkway or on lands proposed for county acquisi- 
tion under the open space preservation plan; 
therefore, no additional land acquisition costs 
would be incurred for the provision of these 
recreational facilities. 



Urban Parks and Facilities 
In contrast to Type I and Type I1 parks, Type I11 
and Type IV general-use outdoor recreation sites 
depend more upon the characterists of the urban 
area to be served than on the underlying natural 
resource base amenities. Type I11 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 I11 and Type IV general-use sites, 
which typically provide opportunities for intensive, 
nonresource-oriented outdoor recreation activities 
such as baseball, basketball, ice skating, and tennis, 
generally attract users from a relatively small ser-- 
vice area and are provided primarily to meet 
the outdoor recreation demand of residents of 
urban areas. 

In 1980, there was one Type I11 general-use out- 
door recreation site located within the water- 
shed-Abendschein Park, a 53-acre site owned by 
the City of Oak Creek (see Map 45) providing a 
hardball diamond and playfield area. Under the 
outdoor recreation plan element, additional 
outdoor recreation facilities would be provided at 
this site. As shown on Map 45, there were two 
fully developed Type IV parks in the watershed- 
Carrollton Park, owned by the City of Oak Creek 
and Rawson Park, owned by Milwaukee County 
and located in the City of South Milwaukee--and 
eight Type IV parks proposed for additional 
development in the watershed. Six of these sites- 
Chapel Hills Park, Green Lawn Park, Manor Mar- 
quette Park, Miller Park, Shepard Hills Park, and 
Willow Heights-are owned by the City of Oak 
Creek. The other two undeveloped Type IV sites- 
Johnstone Park and an as yet unnamed county 
park site known as Park Site No. 65-are located in 
the City of Oak Creek and owned by Milwaukee 
County. Under the outdoor recreation plan ele- 
ment, the two developed Type IV parks would be 
maintained for outdoor recreation use, while 
additional outdoor recreation facilities would be 
provided at the eight undeveloped Type IV parks 
in the watershed as the need becomes evident. As 
shown on Map 45, the outdoor recreation plan 
element recommends the provision of four addi- 
tional park sites in the Oak Creek watershed. These 
sites would be located in the southwestern portion 
of the watershed--one in the City of Franklin and 
three in the City of Oak Creek-in areas proposed 
to be converted to urban development by the plan 
design year 2000. The total acquisition cost of 
these parks and of the proposed acquisition of 
additional land at an existing park is estimated 
at $480,000. 

The regional park and open space plan also in- 
cludes recommendations concerning the type and 
quantity of urban outdoor recreation facilities 
which should be provided to meet the existing 
and probable future recreation needs of residents 
of urban areas. In comparison to the resource- 
oriented recreation 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 larger number of people; are 
provided in urban rather than rural areas; and have 
a relatively smaller service radius. 

All of the new intensive, nonresource-oriented, 
outdoor recreation facilities proposed under this 
plan element for the Oak Creek watershed would 
be developed on existing or proposed additional 
Type I11 and Type IV parklands. Although the 
type and quantity 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. The total cost 
of urban park facility development in the Oak 
Creek watershed is estimated at $1,268,000. This 
estimate includes the development costs for inten- 
sive nonresource-oriented facilities-for example, 
restroom facilities and parking spaces-directly 
related to the recommended facilities for the one 
Type 111, eight undeveloped, and four proposed 
new Type IV sites within the watershed. 

SUMMARY 

This chapter has presented a recommended land 
use plan and park and open space plan for the 
watershed. The salient recommendations of these 
plan elements may be summarized as follows: 

Under the recommended land use plan, the 
amount of land devoted to urban use 
within the watershed would increase from 
the 1980 total about 13.2 square miles, or 
about 47 percent of the total area of the 
watershed, to about 24.3 square miles, or 
about 87 percent of the total area of the 
watershed, by the plan design year 2000. 
About 5.0 square miles, or about 45 
percent of the 11.1-square-mile increase in 
urban lands anticipated in the watershed, 
would be devoted to the residential land 



uses; while 2.5 square miles, or about 23 
percent of the anticipated increase in urban 
land, would be devoted to  transportation, 
communication, and utility uses, and 2.3 
square miles, or about 21 percent, would 
be devoted to industrial land uses. The 
remaining 1.3 square miles, or about 11 
percent of the 11.1-square-mile increase in 
urban land uses anticipated, would be 
devoted to retail, service, governmental, 
institutional, and recreational land uses. 
Thus, in the plan design year, residential 
land uses would comprise 10.4 square 
miles, or about 37 percent of the total area 
of the watershed; transportation, communi- 
cation, and utility uses 7.8 square miles, or 
about 28 percent; industrial land uses 3.0 
square miles, or about 11 percent; retail 
and service uses 1.2 square miles, or about 
4 percent; governmental and institutional 
uses 0.9 square mile, or about 3 percent; 
and park and outdoor recreational uses 1.0 
square mile, or about 4 percent. 

The increase in urban land uses in the 
watershed by the plan design year 2000 
would result in a corresponding decrease in 
rural land uses. Under the recommended 
land use plan for the watershed, the exist- 
ing stock of rural land would decrease from 
14.6 square miles, or 53 percent of the 
total area of the watershed, in 1980, to 
about 3.5 square miles, or 13  percent of 
the total area of the watershed, in the plan 
design year 2000. About 10.5 square miles, 
or 94 percent of the 11.1-square-mile 
decrease in rural land uses anticipated in 
the watershed, would be converted through 
the conversion of agricultural and other 
open lands to urban uses. About 0.6 square 
mile, or about 6 percent of the 11.1-square- 
mile decrease in rural land, would be 
converted through the conversion of 
woodland or wetland areas to urban uses. 
Thus, in the plan design year, agricultural 
and other open lands would comprise 2.0 
square miles, or about 7 percent of the 
total area of the watershed; and woodlands, 
wetlands, and surface water 1.5 square 
miles, or about 6 percent of the total area 
of the watershed. 

3. Primary environmental corridors in the Oak 
Creek watershed encompassed 447 acres, or 
about 3 percent of the total area of the 

watershed, in 1980. Under the watershed 
plan about 30 acres, or about 7 percent, of 
the existing primary environmental corri- 
dor lands would be converted to urban 
uses, reflecting committed local planning 
and zoning decisions; while 579 acres of 
land subject to flood hazard and covered 
by soils poorly suited to urban uses and 
located within existing or proposed county- 
owned parkway lands-including 258 acres 
of land currently classified as secondary 
environmental corridor, 12 acres of land 
currently classified as isolated natural areas, 
and 309 acres of other open lands-would 
be restored to wetlands and reclassified as 
primary environmental corridors. Thus, by 
the plan design year 2000, 996 acres, or 
about 1.5 square miles-about 6 percent of 
the total area of the watershed-would 
be encompassed within primary environ- 
mental corridors. The plan further recom- 
mends that the 310 acres of existing or 
proposed primary environmental corridors 
currently in private ownership be acquired 
for public use. Such lands would be 
acquired over the plan design period at an 
estimated cost of $940,000, expressed in 
1980 dollars. 

4. Secondary environmental corridors in the 
watershed encompassed 1,152 acres, or 
about 6 percent of the total area of the 
watershed, in 1980. Under the watershed 
plan about 188 acres, or 16 percent, of the 
existing secondary environmental corridor 
lands would be converted to urban uses, 
reflecting committed local planning and 
zoning decisions; while 258 acres of such 
lands would be converted to primary 
environmental corridors and 64 acres 
would be converted to isolated natural 
areas. Thus, by the year 2000,642 acres, or 
almost 4 percent of the total area of 
the watershed, would be encompassed 
within secondary environmental corridors. 
The remaining secondary environmental 
corridors should initially be protected 
through public land use regulation. If, as 
more detailed drainage and neighborhood 
unit planning and design proceed, such 
corridors are found to be needed for urban 
stormwater retention or detention areas, 
associated drainageways, and neighborhood 
parks, they should be acquired through 
purchase or dedication. If such corridor 



lands are found to be not needed for 
public purposes, they may be converted to  
urban use. 

5. Isolated natural areas within the watershed 
encompassed 222 acres, or about 1 percent 
of the total area of the watershed, in 1980. 
Under the watershed plan about 32 acres, 
or 1 4  percent, of existing isolated natural 
area lands would be converted to urban 
uses, reflecting committed local planning 
and zoning decisions; while 12 acres of 
such lands would be converted to primary 
environmental corridors. Over the plan 
design period, 64 acres of secondary 
environmental corridors would be con- 
verted to isolated natural areas. Thus, by 
the plan design year 2000, about 242 acres, 
or about 1 percent of the total area of the 
watershed, would be encompassed within 
isolated natural areas. The remaining 
isolated natural areas should initially be 
protected through public land use regula- 
tion. If, as more detailed drainage and 
neighborhood unit planning and design 
proceed, such areas are found to  be needed 
for urban stormwater retention or deten- 
tion areas, associated drainageways, and 
neighborhood parks, they should be 
acquired through purchase or dedication. If 
such areas are found to be not needed for 
public purposes, they may be converted to 
urban use. 

6. Of those lands located in primary environ- 
mental corridors and proposed to be 
converted to urban use, about five acres, or 
about 17 percent, consist of wetlands. Of 
those lands located in secondary environ- 
mental corridors and proposed to be 
converted to urban use, about 30 acres, or 
about 16  percent, consist of wetlands. 
None of the isolated natural areas proposed 
to be converted to urban use contain 
wetlands. Of the wetland areas proposed to 
be converted to urban use, only six acres, 
or about 17 percent, are located within 
shoreland or floodland areas and are thus 
subject to regulation pursuant to Chapter 
NR 117 of the Wisconsin Statutes. 

7. Other open lands in the watershed-that is, 
lands located within the 100-year recur- 
rence interval flood hazard area and/or 
covered by soils poorly suited for urban 
uses--encompassed 1,251 acres, or about 7 

percent of the total area of the watershed, 
in 1980. Under the watershed plan about 
410 acres, or 33 percent of such open , 

lands, would be converted to urban uses, 
reflecting committed local planning and 
zoning decisions; while 309 acres of such 

I 
lands would be converted to primary 
environmental corridor lands. Thus, by the 
year 2000, about 532 acres, or about 3 I 

percent of the total area of the watershed, 
would be encompassed in other open lands. 

I 
8. Portions of two parks of areawide signifi- 1 

cance-+rant Park and Oakwood Park- 
were located within the watershed in 1980. 
The watershed plan recommends the con- 
tinued maintenance of these parks, as well 
as the development of one additional major 
park-Falk Park, a 216-acre undeveloped 
park site owned by Milwaukee County. The 1 
plan also recommends the public acquisi- 
tion of about 86 acres of open lands for 
parkway purposes, and the provision of I 
eight miles of recreational corridor lands to  
provide opportunities for hiking, biking, 
and ski touring activities within the water- 
shed. The total cost for the development of 

I 
the major park site, acquisition of addi- 
tional parkway lands, and provision of 
recreational corridors would be about I 

$860,000, expressed in 1980 dollars. 

9. In 1980 three neighborhood and com- 
munity parks-Abendschein, Carrollton, 
and Rawson' Parks-were located in the 
watershed. The watershed plan recom- 
mends the continued maintenance of these 
parks, as well as the provision of outdoor 
recreation facilities at eight publicly 
owned, but as yet undeveloped, neighbor- 
hood parks in the watershed. The plan also 
recommends the acquisition and develop- 
ment of four additional neighborhood park 
sites within the watershed. The total 
acquisition and development costs of 
such neighborhood and community parks, 
including the park support facilities such as 
restrooms and parking, would be about 
$1,748,000, expressed in 1980 dollars. 

The watershed land use plan would meet the social, 
physical, and economic needs of the future resi- 
dent population of the watershed by allocating 
sufficient land to each of the various major land 
use categories to satisfy the known and anticipated 
demand for each use. The plan seeks to  protect and 



I. enhance the natural resource base of the watershed 
by allocating new urban development only to those 
areas that are covered by soils well suited to such 
development; that are not subject to special 

I hazards such as flooding; and that can be readily 
provided with gravity drainage sanitary sewer, 
public water supply, and urban mass transit ser- 

I vices. Adoption and implementation of this plan 
element would promote the wise use of the natural 
resource base, preserve the cultural heritage and 

natural beauty of the watershed, and help to 
enrich the physical, intellectual, and spiritual 
development of the resident population, as well as 
avoid the intensification of existing developmental 
and environmental problems, such as flooding and 
water pollution or the creation of new problems of 
this type. The plan will also permit the design of 
surface water quality management and drainage 
and flood control facilities to proceed on a sound 
basis within the watershed. 
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Chapter XI1 

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES 

INTRODUCTION 

The inventory and analysis phases of the Oak 
Creek watershed planning program identified 
certain water resource and related problems, 
including flooding and water pollution. As stated 
in Chapter I, the primary purpose of the Oak Creek 
watershed planning program is to assist in the 
abatement of these problems by developing a 
workable plan which can be used to  guide develop- 
ment within the watershed into a safer, more 
healthful, more attractive, and more economic 
pattern. This pattern should be 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 environ- 
mental 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 alternatives 
described herein should be considered as adjuncts 
to the basic land use development proposals 
advanced in Chapter XI, and were designed to 
facilitate the attainment of regional and watershed 
development objectives. The alternative floodland 
management measures are thus subordinate to the 
basinwide land use plan element, and the incre- 
mental 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. The technical, economic, 
and environmental aspects of each floodland man- 
agement alternative are presented 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, 
followed by a description of the nonstructural 
floodland management measures recommended for 
application throughout the watershed. The chapter 
concludes with a discussion of accessory floodland 
management measures. 

AVAILABLE FLOODLAND 
MANAGEMENT MEASURES 

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 needs and other socioeconomic 
needs of the resident population of a watershed. 
Floodland management is intended to  eliminate 
loss of life, lessen danger to  human health and 
safety, minimize monetary damage to private and 
public property, reduce the cost of utilities and 
services, and minimize disruption 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, ecological, and cultural- 
normally associated with, and concentrated in, 
riverine areas. 

The preparation of a floodland management plan 
for a watershed involves the development of alter- 
native 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 Oak Creek 
watershed is specifically intended to achieve the 
land use development, sanitary sewerage system 
development, and water control facility develop- 
ment objectives and their supporting standards as 
set forth in Chapter X. 

The techniques of floodland management may be 
broadly divided 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 the floodlands; structure floodproofing; 
structure removal; channel maintenance; flood 
insurance; lending institution policies; realtor 
policies; community utility policies; and emer- 
gency programs. Table 80 lists the structural and 
nonstructural floodland management measures 
which may apply, individually or in combinations, 
to the stream network of the Oak Creek watershed, 
and summarizes the function of each. Structural 
measures 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 80 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 either to detain floodwaters upstream of 
flood-prone areas for subsequent gradual release- 
as is the case with a detention pond-or to retain 
floodwaters for gradual release and evaporation or 
for groundwater rechargeas is the case with a 
retention pond-thereby substantially decreasing 
downstream discharges and flood stages and asso- 
ciated flood damages. A key factor in the applica- 
tion of this alternative is the existence of sites 
having sufficient floodwater storage volume up- 
stream of all, or a significant portion of, the 
flood-prone riverine areas, and which thereby can 
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, 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 bedrock. In 
the latter case the floodwaters are diverted to the 
storage area during a flood eveni and later returned 
to the stream by pumping. 

A positive feature of reservoirs 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 addition to flood mitigation, such 
as recreation, low-flow augmentation, and water 
supply. Negative aspects of reservoirs include the 
large capital cost, the large land area required, the 
potentially adverse water quality conditions within 
the impoundment, and the false sense of security 
regarding 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- 
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. 



Table 80 

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES CONSIDERED 
IN THE OAK CREEK WATERSHED PLANNING PROGRAM 

Major 
Category 

Structural 

Nonstructural 

Function 

To detain floodwaters upstream of flood- 
prone reaches for subsequent gradual 
release 

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 

To prevent the occurrence of overland 
flow from the channel to floodland 
structures and facilities 

To convey flood flows through a river 
reach at significantly lower stages 

To reduce the backwater effect of 
bridges and culverts 

To minimize flood damage by using 
floodlands for compatible recreational 
and related open space uses and also 
to retain floodwater storage and 
conveyance 

To control the manner in which new urban 
development i s  carried out in the flood- 
lands so as to assure that i t  does not 
aggravate upstream and downstream 
flood problems, or, to control selected 
practices by which existing urban or 
rural lands are managed 

To control the mapner in which urban 
development occurs outside of the flood- 
lands so as to minimize the hydrologic 
impact on downstream floodlands 

To inform and educate citizens regarding 
personal and private actions by property 
owners and residents which 1) may 
adversely affect flood flows and stages 
or 2) could favorably affect or prevent 
changes in flood flows and stages 
in the watershed 

To minimize monetary loss or reduce 
monetary impact on structure owner 

Alternative 

Name 

Storage 

Diversion 

Dikes and 
floodwalls 

Channel 
modification 
and enclosure 

Bridge and culvert 
alteration or 
replacement 

Reservation of 
floodlands for 
recreational and 
related open 
space use 

Floodland 
regulations 

Control of land use 
outside of the 
floodlands 

Community 
education 
programs 

Flood 
insurance 

Comment 

May be accomplished by on-channel 
reservoirs or by off-channel or 
underground storage 

- - 

- - 

May be accomplished by straightening. 
lowering, widening, lining, and other- 
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 

May be accomplished by increasing the 
waterway opening or otherwise sub- 
stantially altering the crossing or 
by replacing i t  

May be accomplished through private 
development, such as a golf course, 
or by public acquisition of the land 
or by use of an easement 

May be accomplished through zoning, 
land subdivision control, sanitary and 
building ordinances 

- - 

May have relationship to aesthetic, 
recreational, urban utility, or water 
quality aspects of water resources 
management in the watershed 

Premiums may be subsidized or 
actuarially determined 



Table 80 (continued) 

Source: SEWRPC. 

Alternative 

Major 
Category Name Function Comment 

Dikes and Floodwalls: Earthen dikes and concrete 
or sheet steel floodwalls, like those shown in 
Figure 52, are technically feasible means of pro- 
viding 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 occurrence 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. 

Nonstructural 
(continued) 

In order to be effective in reducing flooding, dikes 
and floodwalls must normally be supplemented by 
the installation of backwater gates-at elevations 

approximating the 100-year recurrence interval 
river flood stage-on those 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. A stormwater 
drainage system, which typically includes street 
stormwater inlets and storm sewer outfalls, nor- 
mally provides for the conveyance of stormwater 
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 stormwater 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. 

Lending 
institution 
policies 

Realtor 
policies 

Community 
utility 
policies 

Emergency 
programs 

Structure 
f loodproof ing 

Structure 
removal 

Channel 
maintenance 

To discourage acquisition or construction 
of flood-prone structures by means of 
mortgage granting procedures 

To discourage acquisition or construction 
of floodprone structures by providing flood 
hazard information to prospective buyers 

To discourage construction in flood-prone 
areas by controlling the extension of 
utilities and services 

To minimize the danger, damage, and 
disruption from impending flood events 

To minimize damage to structures by applying 
a combination of protective measures and 
procedures on a structure-by-structure basis 

To eliminate damage to existing structures 
by removing them from flood-prone areas 

To maintain integrity of flood stage pro- 
files; to permit unobstructed flow from 
storm sewers, drainage ditches, and 
drainage tiles; and to remove potentially 
troublesome buoyant material 

- - 

- - 

- - 

Such a program may include installation 
of remote stage sensors and alarms, road 
closures, and evacuation of residents 

- - 

- - 

Will not significantly reduce stages of 
major floods except as those stages 
might be influenced by accumulation 
of buoyant material on the upstream 
side of bridge waterway openings 
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While backwater gates, operating as described 
above, will prevent the movement of floodwaters 
from the river, they may, depending on topographic 
conditions, create local flooding problems attribut- 
able to the accumulation of stormwater runoff 
which does not have access to the river because of 
the closed storm sewer outfall. Areas susceptible to 
this problem may be protected through the provi- 
sion of temporary or permanent pumping facilities 
to convey the impounded stormwater over the 
dikes and floodwalls to the river during major 
flood events. 

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 passing 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 

MIN 

TYPICAL BACKWATER GATE 
FOR STORM SEWER OUTLET 

STORM 
SEWER 
OUTLET 

FRONT VIEW SIDE VIEW 

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 of protecting development 
from flood inundation by local action. It  must be 
recognized, however, that there are serious negative 
aspects of dikes and floodwalls, including 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 succes- 
sive 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 characteristics of dikes and 
floodwalls include the potentially high capital 
costs; the potentially high aesthetic cost, or pen- 
alty, normally associated with the placement of 



these high, long structures in the riverine areas, 
particularly if the areas protected are devoted pri- 
marily to residential land use; and the false sense of 
security against flood dangers that may be engen- 
dered by the presence of the dikes or floodwalls. 

~ h a n i e l  Enclosure and Modification: Channel 
enclosure refers to the installation of large under- 
ground conduits along or near 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 channel. 
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 river 
reaches containing intensive urban development. 
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 
application of this 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 
the upstream and downstream natural channel that 
must be modified to effect an acceptable transition 
from 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 provide 
relief to a flood-prone area. Significant negative 
features include negative environmental impacts, 
including aesthetic impacts, 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 
inundating highways or railway bridges or their 
approaches, thereby rendering the facilities impass- 
able during major floods. 

The purpose of bridge and culvert removal, altera- 
tion, or replacement is to avoid or minimize the 
adverse effects of bridges and culverts on flood- 
flow characteristics and the adverse effects of flood 
flows on the functioning of the related transporta- 
tion facilities. These adverse effects are eliminated 
by increasing the size of the waterway opening or 
otherwise substantially altering the crossing, or 
by replacing it. The usefulness of this structural 
alternative in a watershed is contingent upon 
identifying those bridges and culverts that produce 
major backwater effects as a result of inadequate 
hydraulic capacity, and identifying those structures 
that are impassable during major flood events. 
Determination of bridge and culvert backwater 
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 mainte- 
nance and improvement process. 

Nonstructural Measures 
Each of the 12 nonstructural floodland manage- 
ment measures presented in Table 80 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 signifi- 
cant positive and negative features of the various 
measures are identified. 

Reservation of Floodlands for Conservation, Recrea- 
tion, and Other Open Space Uses: Comprehensive 
land use planning recognizes that there is a need 
for active and passive recreational and open space 
lands readily accessible to residents of the metro- 
politan area. Floodlands may provide an ideal 
location for such lands and supporting facilities, 
because the floodlands and the environmental cor- 
ridors of which they are a part provide sufficient 
space, assure the presence of water and other key 
recreation elements, and improve the accessibility 
of the recreation areas to the urban population. 

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 develop- 
ment 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 is the public cost. Public acquisition 
of floodland areas for recreational and related open 
space uses can sometimes be accomplished at no 
major direct cost to the municipalities by encour- 
aging developers 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. The land developer 
may be receptive to the idea of dedicating the 
floodlands and adjacent environmental corridors to 
a local governmental unit or agency since flood- 
lands are not well suited for residential develop- 
ment, not only because of flooding, but also 
because of limiting soils, difficulties in supplying 
and maintaining utilities, and other problems; since 
land subdivision regulations often require devel- 
opers to provide a minimum amount of recrea- 
tional and open space land; and since existing 
floodland regulations may limit the extent of 
floodland development. 

In addition to preventing additional flood-prone 
development, minimizing the aggravation of 
upstream and downstream flood problems, and 
providing prime and readily accessible outdoor 
recreational land, the reservation of floodlands 
for recreational and 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 of the effects of 
public open space land on residential values.' The 
emphasis was upon the extent to which residential 
property values may be influenced by proximity to 
public open space areas. Information for the study 
was compiled through personal interviews of 
assessors, appraisers, and developers; collection 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 areas. Furthermore, 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 that 
preserve and enhance high-value elements of the 
natural resource base have the greatest impact on 
the value of adjacent developed residential prop- 
erty. 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 subdi- 
vision that is under development, 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 open 
space lands. 

Floodland Regulations: Floodland regulations take 
the form of or are incorporated into zoning, land 
subdivision, sanitary, and building ordinances 
adopted by counties, cities, villages, and towns 
under the police powers granted them by state 
legislatures. Such regulations are ordinarily in- 
tended to mitigate flood damage 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, floodlands in Wisconsin are governed 
primarily by the rules and regulations adopted by 

Chapter X o f  SE WRPC Planning Report No. 27, 
A Regional Park and Open Space Plan for South- 
eastern Wisconsin: 2000, November 1977. 



the Wisconsin Department of Natural Resources 
pursuant to Wisconsin Statutes. All counties, cities, 
and villages are expected to adopt reasonable and 
effective floodland regulations under the enabling 
Statutes. The principal advantages of floodland 
regulations are that they control the manner in 
which new development occurs in riverine 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. 

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 essentially not cause any 
increase in the regulatory or 100-year recurrence 
interval flood stage.2 

Although stipulation of an essentially "no-stage 
increase" floodway eliminates or reduces some 
of the problems associated with the two-district 
floodway-floodplain fringe approach to flood- 
land regulations, one significant negative aspect 
remains. The two-district floodway-floodplain 
fringe approach may lead to the destruction of the 
environmental corridors of a watershed, since it 
encourages floodland fill with development outside 
the floodway limits, but within environmentally 
critical areas. Floodland and other land use recom- 
mendations can be made more effective for envi- 
ronmental corridor protection as well as for flood 
damage mitigation. For example, more comprehen- 
sive floodland regulations in rural areas may simply 
designate a floodland district for which all flood- 
prone development is excluded, or may incorpo- 
rate a floodway, a developable floodplain fringe, 
and an undevelopable conservancy district. 

Control of Land Use Outside the Floodlands: In 
a watershed, it is important to regulate the manner 
in which urban development occurs outside the 

"Wisconsin's Flood Plain Management Program, " 
Wisconsin Administrative Code, Chapter NR 116, 
July 1977. As o f  July 1985, the Code did not 
actually prohibit any stage increase but specified 
that any increase in stage could not exceed 0.1 
foot. A revised version ,of Chapter NR 116 became 
effective in March 1986 limiting this increase to  
0.01 foot.  

floodlands, as well as within the floodlands, so as 
to minimize the hydrologic impact on floodland 
areas receiving direct runoff from tributary water- I 
shed areas. Although planning for land use outside 
floodland areas has not traditionally been con- I 
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 1 
may indeed be an effective floodland management 
mea~ure .~  It is vital that land use planning consider 
the hydrologic-hydraulic consequences of the loca- I 

tion of future urban development, the amount of I 

impervious surface in that development, and the 
manner in which stormwater runoff from that 
development is controlled. 

Community Education Programs: It is important 
that the public be fully aware of how the actions I 
of owners can affect flood flows and I 

stages. Private actions, such as the dumping of 
debris in a stream channel by property owners and 
residents, may adversely affect flood flows and 1 
stages upstream. Also, localized channelization or 
the removal of obstructions to flow may increase 
the flood flows and stages downstream. Proper 1 
actions by property owners and residents, how- 
ever--taken within the framework of a water 
resources management plan for the watershed- 
may serve to reduce an existing flooding problem 1 
or prevent a future problem, thereby reducing the 
degree of action necessary by local units of govern- 
ment and minimizing the public financial burden. 

I 

Structure Floodproofing: As discussed in Chapter 
VI 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 i 
procedures, all of which are intended to reduce 
flood damages significantly. This approach is 
referred to as floodproofing, and may be more 1 
specifically defined as a combination of physical 

3 ~ o r  a graphic demonstration o f  the potential 
1 
1 

impact o f  land use changes outside floodland areas 
on flood discharges, stage, and damage, refer t o  
SEWRPC Planning Report No. 26, A Comprehen- 
sive Plan for the Menomonee River Watershed, 
Volume Two, Alternative Plans and Recommended 
Plan, October 1976, pp. 72-97. - 



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 ~ a t e ~ o r i e s : ~  1) tech- 
niques for preventing entry of floodwaters; 2) 
techniques 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 tech- 
niques of raising-that is, elevating-the structure 
such that the first floor--or other most damage- 
prone floor--is above the design flood stage, 
supplemented with measures to protect the base- 
ment and other portions of the structure below the 
design flood stage from damage. 

The particular combination of floodproofing 
measures applied to a given structure must be 
tailored to the function of the structure, the nature 

4 ~ o r  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 
:, 
U. S. Army Corps of Engineers, South 
Atlantic Division, Atlanta, Georgia, March 
1977. 

William K. Johnson, Physical and Economic 
n- 
agement 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 

of its construction, and the vertical and horizontal 
position of the structure within the floodplain. 
Extensive floodproofing should be applied only 
under the guidance of a registered professional 
engineer who has carefully inspected the building 
and contents, has analyzed its structural integrity, 
and has evaluated the flood threat. It is important 
to emphasize that, even if a successful floodproof- 
ing program is instituted in a flood-prone area, 
overland flooding and the inconvenience it causes 
will continue to occur. 

Prevention of Floodwater Entry: A variety of 
floodproofing measures and techniques can be used 
to prevent the entry of floodwaters. Sanitary sewer 
backup through basement floor drains may be 
prevented by the 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 genera- 
tors, can remove water that enters the basement of 
a structure 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 construc- 
tion of earthen berms or concrete or masonry walls 
around the perimeter of the structure or cluster of 
structures. Glass blocks5 may be placed in base- 
ment 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 
structure to withstand the external hydrostatic 
forces that would be applied to the walls and 
basement floor of a structure prior to implement- 
ing floodproofing procedures intended to prevent 
water from entering the basement of the structure. 
- 

The Wisconsin Uniform Dwelling Code provides 
that doors and windows must have a minimum 
openable area of 3.5 percent of the net floor area 
unless mechanical ventilation providing at least one 
air exchange per hour is provided. 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. 



Generally speaking, the concrete block basements 
widely used in residential construction in south- 
eastern Wisconsin are not capable of withstanding 
the hydrostatic forces associated with complete 
saturation of the soil surrounding the buildings.6 A 
possible alternative, therefore, to  preventing flood- 
water from entering the basement of such struc- 
tures is intentionally flooding the basement with 
clean water prior to the inflow of floodwater, 
thereby maintaining the structural integrity of 
the basement while minimizing the entry of sani- 
tary sewage, sediment, and other objectionable 
materials normally associated with basement 
flooding and, as discussed below, incorporating 
measures to maintain utilities and services and 
protect structure contents. 

Maintenance o f  Utilities and Services and Protec- 
tion of Contents: Another category of floodproof- 
ing measures applicable to structures consists of 
techniques designed to ensure the maintenance 
of utilities and other services needed for the build- 
ing to function immediately after, and possibly 
during, a flood event, and to protect structural 
contents. This second set of floodproofing mea- 
sures 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 
floor level, surrounded by low walls to prevent the 
intrusion of floodwaters, temporarily 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 anticipated flood levels and to 
using waterproof electrical fixtures in flood-prone 
areas of the structure. Some mechanical and elec- 
trical equipment may be protected by removing 
critical water-vulnerable components-for example, 
the blower motor on a forced air heating unit- 
prior to entry of the floodwaters. 

 or example, see: Investigation o f  Basement 
Construction in Fargo, North Dakota and Moor- 
head, Minnesota Area, prepared for the Federal 
Insurance Administration by the National Associa- 
tion of Home Builders Research Foundation, Inc., 
Rockville, Maryland, June 1975. 

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 such contents. 
Flood-vulnerable contents could be temporarily 
moved out of the buildings, be moved to higher 
floors, or be temporarily elevated on supports 
or shelves. 

Some of the above floodproofing measures are con- 
tingent upon receiving adequate forewarning-at 
least several hours-of the 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 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 structure that remain 
below the design flood stage. 

Basic floodproofing measures like those discussed 
above are generally considered feasible for most 
nonresidential structures-such as businesses, com- 
mercial buildings, and schools--even if the design 
flood stage is above the first floor elevation. How- 
ever, such measures generally are not 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 
dependent on the extent to which the structure is 
elevated, but includes fixed costs that are indepen- 
dent of the height to which the structure is raised. 
Examples of fixed costs include the costs of 
placing beams or other supports beneath the struc- 
ture, disconnecting utilities, and replacing shrubs, 
whereas examples of the variable costs include the 
cost of vertical extensions to the basement walls, 
and of the fill required to raise the yard grade. The 
average cost of applying basic floodproofing tech- 
niques to a single-family residential structure-that 
is, floodproofing the structure without elevating 



it-so as to prevent the entry of floodwaters or to  
at least maintain utilities and services and protect 
contents is estimated to be $4,900 in 1984 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 $42,500 in 1984 dollars, assuming 
that the building is raised four feet, and increases 
by about $3,900 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 struc- 
ture elevation alternative may be expected to be 
considerably less costly than the structure acquisi- 
tion and removal alternative described below. 

Principal Advantages and Disadvantages o f  Flood- 
proofing: The principal advantage of floodproofing 
is that it provides a means whereby individual 
homeowners or property owners unilaterally can 
take definitive action to protect their flood-prone 
structures against flood damage. A significant 
negative aspect of floodproofing is the very real 
possibility that it will be applied without adequate 
professional engineering guidance, possibly leading 
to major damage to the structure and posing a 
threat to 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 
community, thereby leaving a significant demand 
for flood relief--a demand that will focus on com- 
munity officials and will be intensified during and 
immediately after each flood event. In such a 
situation, and in spite of the fact that numerous 
individual property owners have implemented 
floodproofing and have incurred the necessary 
costs, community officials still will be faced with 
the problem of reducing the flood threat to those 
structures that have not been floodproofed. 

Finally, it should be noted that buildings which 
have been floodproofed are not exempt from 
federal requirements regarding the purchase of 
flood insurance. Buyers of homes which have been 
floodproofed but still lie within flood-prone 
areas are required to  purchase flood insurance 
when obtaining a loan from a federally insured 
lending institution. 

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- 
dences, having first floor elevations below the 
100-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 oppo- 
sition which is likely to be encountered from some 
property owners even if they are offered an equit- 
able price for the flood damage-prone property. 
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. It  should be 
noted, however, that while there may be such a 
loss, the net cost to the community may be con- 
siderably 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 
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 have 
three positive effects on flooding and stormwater 
inundation problems. First, periodic stream chan- 
nel cleaning and maintenance are important to 
maintaining the integrity of the flood stage profiles 
developed under the watershed planning program. 
As noted in Chapter VIII of this report, hydraulic 
and hydrologic analyses completed under the water- 
shed 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 of the hydraulic system inventory. Second, 
periodic cleaning and maintenance of the stream 
channels is needed to maintain the channel bottom 
profile at an elevation below the invert of existing 
or planned storm sewer and stormwater channel 
outfalls in urban areas and drainage tile and drain- 
age ditch outfalls in rural areas. Failure to clean 
and maintain the channels may result in partial or 
full blockage of the outfalls by debris, vegetation, 
silt, and other deposits, in turn causing nuisance or 
serious flooding or stormwater inundation of urban 
areas and of cropland. Third, cleaning and mainte- 
nance of the watershed channel system are impor- 
tant to reduce the probability that buoyant objects 
and debris 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 further 
increasing flood stages in areas of inundation. 
It should be noted that the implementation of 
nonpoint source pollution controls can serve to 
reduce the amount of sediment and debris in the 
streams and, therefore, can reduce the costs of 

channel maintenance. Also, since the removal of 
sediment from a stream channel may be considered 
to be dredging by the Wisconsin Department of 
Natural Resources, a permit for such dredging 
activities may be required. 

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 
significant 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 performed, the probability of debris 
accumulating on the upstream side of bridge water- 
way openings is much greater; this accumulation 
could result in flood stages higher than those 
presented in this report. The relationship of peak 
flood stages to minor channel cleaning and altera- 
tion has been quantified and documented in Com- 
mission studies of flood problems in the City of 
West Allis in the Root River watershed,' the 
Village of Elm Grove in the Menomonee River 
watershed,* and the Village of Pewaukee in the 
Fox River ~ a t e r s h e d . ~  These studies have all 
indicated that channel cleaning and maintenance 
will not, in itself, have any significant effect on 
peak flood stages. 

Flood Insurance: The overriding objective of the 
national Flood Insurance Program is to encourage 
the purchase of flood insurance by individual land- 
owners 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 

7 ~ a n u a r y  23, 1974 letter report to Milwaukee 
County Executive and Milwaukee County Board o f  
Supervisors from SEWRPC concerning reevaluation 
of Root River watershed plan as it relates to flood 
problems in the City o f  West Allis, p. 17. 

8 ~ h a p t e r  IV o f  SEWRPC Planning Report No. 26, 
A Comwrehensive Plan for the Menomonee River 
Watershed, Volume Two, Alternative Plans and 
Recommended Plan, October 1976, pp. 11 6-1 1 7. 

Chapter 111 o f  SE WRPC Community Assistance 
Planning Report No. 14, A Floodland Management 
Plan for the Village of Pewaukee, September 1977, 
pp. 100-101. 



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 
federally subsidized. 

As of December 31, 1984, all of the communities 
in the Oak Creek watershed were participating in 
the federal Flood Insurance Program. Such par- 
ticipation can provide relief in the event that a 
serious flood occurs prior to  implementation of 
committed or planned flood control measures. It is 
important to note that one of the requirements 
that must be met by a community before citizens 
can participate in the federal Flood Insurance 
Program is that the community must enact land 
use controls which meet federal standards for flood- 
land protection and development. Therefore, a 
very close tie exists between two of the nonstruc- 
tural floodland management measures-the Flood 
Insurance Program and floodland regulations. 

LendlIlg 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 flood-prone status of property has 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 structure 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 responsi- 
bility for determining whether or not a property is 
in a flood-prone area. This information is obtained 
by the lending institution from the local units of 
government and the Regional Planning Commis- 
sion. 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 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 construction of flood- 
prone structures. Regulations concerning the 
responsibility of realtors to inform potential 

buyers about any adverse conditions, such as flood 
hazards, are listed in the Wisconsin Administrative 
Code, Chapter R624. 

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, a sewer alignment that parallels and lies 
near 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, commercial, and industrial 
development. The sanitary sewerage system devel- 
opment objectives and standards which have been 
incorporated into the overall development objec- 
tives and standards for the Oak Creek watershed 
specify that floodlands should not be served by 
sanitary sewers, and that analyses related to the 
sizing of sanitary sewer system components should 
not assume the ultimate urbanization of those 
floodlands. Similar objectives and standards can be 
established for water supply, transportation, and 
other facilities and services by the appropriate local 
units of government and other agencies in the Oak 
Creek watershed. In addition to contributing to 
sound floodland management, community 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 con- 
structed in flood-prone areas is normally higher 
than the unit cost of such facilities and services 
constructed in nonflood-prone areas. Sanitary 
sewer construction in flood-prone areas also entails 
higher treatment costs since increased clearwater 
infiltration and inflow problems will probably 
develop in floodlands. 

Emergency The function of an emer- 
gency program is to minimize the damage and - -  - 
disruption associated with flooding through a 
coordinated preplanned series of actions to be 
taken when a flood is impending or occurring. 
Such a program may include a variety of devices 
and meas~res , ' ~  such as the installation of remote 

'O William K. Johnson, Physical and Economic 
Feasibility of Nonstructural Floodplain Manage- 
ment Measures, U. S. Army Corps of Engineers- 
Hydrologic Engineering Center and Institute for 
Water ~ l s o u r c i ~ ,  ~ a y  i977. 
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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 anticipated, broadcasting of emergency mes- 
sages to community residents over radio and tele- 
vision, use of police patrol cars or other vehicles 
equipped with public address systems, use of 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 surcharge of sanitary sewers. 

HYDROLOGIC-HYDRAULIC CONSEQUENCES 
OF PLAN YEAR 2000 LAND USE 

The purpose of developing and calibrating a mathe- 
matical water resource simulation model under 
the Oak Creek watershed planning program, as 
described in Chapter VIII of this report, was to 
provide a tool for quantitatively analyzing the 
hydrologic, hydraulic, and water quality charac- 
teristics and performance of the watershed under 
existing and future land use conditions. The results 
of applying the hydrologic and hydraulic sub- 
models to  the entire watershed for three critical 
watershed land use and channel/ floodplain condi- 
tions are described below. Additional model appli- 
cations to portions of the watershed and its stream 
system for plan design and evaluation purposes are 
discussed in Chapter VIII, as well as in subsequent 
sections of this chapter. 

Procedure 
The hydrologic and hydraulic simulation sub- 
models were applied to the entire watershed for 
three combinations of land use and channel/ 
floodplain conditions in order to quantify the 
probable impact of future urban development on 
flood flows and stages in the Oak Creek watershed. 
These three conditions were: 

1. Existing (1980) land use and existing chan- 
nel and floodplain conditions-under which 
about 46 percent of the total area of the 
watershed was in urban land uses and about 
54 percent in rural land uses; 

2. Year 2000 planned land use and existing 
channel and floodplain conditions-under 
which about 88 percent of the total area of 
the watershed would be in urban land uses 
and about 12 percent in rural land uses. 

This planned land use pattern was that 
described in Chapter XI, with the exception, 
however, that no land within the 100-year 
recurrence interval flood hazard area would 
be developed for urban use; and 

3. Year 2000 planned land use and existing 
channel conditions with some development 
permitted in the floodplain fringe areas-the 
same basic planned land use condition as 
under condition two, but assuming the 
development for urban use of certain lands 
lying within the 100-year recurrence interval 
flood hazard area-or floodplain-but out- 
side the floodway. This planned land use 
pattern was identical to that presented in 
Chapter XI. 

The hydrologic and hydraulic submodels were 
applied to each of the three combinations of 
land use and channel/floodplain conditions in 
accordance with the procedures described in 
Chapter VIII. Utilizing the submodels, flood flows 
were computed for 42 selected locations on the 
stream system of the watershed-16 on Oak Creek, 
9 on the North Branch of Oak Creek, 6 on the 
Mitchell Field Drainage Ditch, and 11 on the 
remaining tributaries studied, all as shown on 
Map 39 in Chapter VIII. Thirty locations were 
selected for comparison of flood flows under the 
three land use and channel/floodplain conditions, 
as shown on Map 47. 

Discharge-frequency relationships at selected loca- 
tions were chosen as the best means of comparing 
and contrasting the hydrologic-hydraulic response 
of the watershed to the three combinations of land 
use and channel/floodplain conditions, inasmuch as 
discharge-frequency relationships are concise repre- 
sentations of the watershed or subwatershed flood 
flow characteristics. 

The hydraulic response of the watershed to the 
three combinations of land use and channel/ 
floodplain conditions was determined by com- 
puting and contrasting the 100-year recurrence 
interval flood stages for each condition. The 
impact of the three combinations of land use and 
channel/floodplain conditions was also quantified 
by computing and comparing the average annual 
monetary flood risks for selected flood-prone 
reaches under existing (1980) and plan year 2000 
development conditions. These comparisons are 
presented in subsequent sections of this chapter. 



Map 47 

EFFECTS OF CHANGING LAND USE ON 100-YEAR FLOOD FLOWS IN THE OAK CREEK WATERSHED . 

LAND USE CONDITION 

A EXISTING 1980 

B PLAN YEAR-WWITH3UT FLOOORAlNEMCDPMEM 

C PLWYEM2-  WITH FLLXURAINLlMlTED OEYEUlPMENl 

Analysis conducted under the watershed study indicates that relative to existing land use and channel and floodplain conditions, 100-year 
recurrence interval flood flows in the watershed under year 2000 planned land use and existing channel and floodplain conditions may be 
expected to increase by up to 69 percent at 30 locations in the watershed, with an average increase of about 35 Percent. Under year 2000 
planned land use and existing channel conditions but with limited floodplain development, these flows may be expected to increase by up to 
78 Dercent. with an average incream of about 41 mrcent (see Table 811. - ~~ - . ~  
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Map 47 (continued) 
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Map 47 (continued) 
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Land Use Considerations 
The year 2000 land use plan for the Oak Creek 
watershed, as described in Chapter XI, calls for 
portions of the 100-year recurrence interval 
floodplain to be developed for urban use. Such 
development serves to reduce the floodwater 
storage capacity of the floodplain, thus increasing 
downstream discharges and associated flood stages. 
Although it is generally undesirable to exacerbate 
downstream flooding problems in this manner, a 
watershed plan must recognize to the maximum 
extent practicable local land use plans and attempt 
to incorporate them. Since the land use plan 
detailed in Chapter XI does incorporate the salient 
features of the local plans which include some 
urban development in the floodplains of the water- 
shed, it was necessary to quantify the impacts that 
such development may be expected to have on 
flood discharges and stages throughout the water- 
shed. To assess these impacts, it was necessary to 
consider the plan year 2000 land use pattern both 
with and without intrusion of urban land uses into 
the floodplain fringe areas. 

For the purposes of the study, the discharges and 
stages developed under condition two described 
above were used as the base condition for compari- 
son of alternative floodland management measures. 
Insofar as such structural and nonstructural mea- 
sures would serve to reduce flood problems in the 
watershed to levels below those presented by the 
base condition, they were considered further for 
inclusion in a final watershed plan. 

Hydrologic-Hydraulic Response of the 
Watershed to  Plan Year 2000 Land Use Pattern 
The lo-, 50-, and 100-year recurrence interval 
discharge-frequency data for the three combina- 
tions of land use and channel/floodplain conditions 
are presented in Table 81. The discharge-frequency 
relationships, shown graphically in Figures 53 
through 57, quantitatively demonstrate the hydro- 
logic-hydraulic impacts of existing and planned 
land use patterns. The following discussion draws 
on the results of the watershedwide simulation 
modeling to identify the locations at which signifi- 
cant changes in flood discharges and stages may be 
expected to occur, and to indicate the magnitude 
and significance of those impacts. 

Discharge-Frequency Relationships: Figures 53 
through 57 are typical of the discharge-frequency 
relationships that exist, and may be expected to 
exist, within the watershed under the three land 
use development conditions investigated. It  may be 

noted that the three discharge-frequency curves at  
each location are approximately parallel, with a 
tendency, however, for the curves to converge 
as the severity of flood event increases. If the 
discharge-frequency curves for any two land use 
and channel/floodplain conditions at a given loca- 
tion on the stream system were indeed parallel, 
then a constant ratio of flood flows would exist 
between the two conditions. A convergence of the 
discharge-frequency curves for increasing recur- 
rence intervals indicates that the ratio of flood 
flows for the two conditions decreases for the 
more infrequent flood events. Therefore, the rela- 
tive impact of land use conditions on flood flows 
and stages tends to be somewhat less for the severe 
flood events-as indicated by a decrease in the 
ratios of the flood flows shown in Table 81. This is 
to be expected, because the rainfall and rainfall- 
snowmelt associated with the more severe flood 
events saturate the pervious portions of the water- 
shed, causing those areas to behave in a manner 
characteristic of impervious areas. 

Hydrologic-Hydraulic Impact of Year 2000 
Planned Land Use Conditions Without 
Development in the Floodplain 
There is concern over the possible hydrologic- 
hydraulic consequences of the incremental urban 
development associated with the year 2000 land 
use plan. More specifically, it is necessary to know 
how much larger flood flows may be and how 
much higher attendant flood stages may be under 
year 2000 planned land use and floodplain develop- 
ment conditions throughout the watershed relative 
to discharges and stages under existing conditions. 

Based upon the results of the hydrologic modeling 
at the 30 sites listed in Table 81, the increases in 
the 10-year recurrence interval flood discharge 
between existing and year 2000 planned land 
use-excluding development from the floodplains 
of the stream system-and existing channel/flood- 
plain conditions may be expected to range from a 
low of 1 9  percent-160 cubic feet per second (cfs) 
to 190 cfs-at S. 31st Street on Oak Creek, to a 
high of 150 percent-400 cfs to 1,000 cfs-on Oak 
Creek upstream of the confluence with the North 
Branch of Oak Creek, with an average increase of 
70 percent for the watershed. Similarly, the 
increases in the 100-year recurrence interval flood 
discharge between existing and year 2000 planned 
land use and existing channel/floodplain conditions 
may be expected to range from a low of 7 per- 
cent-410 cfs to 440 cfs-at S. 31st Street on 
Oak Creek, to a high of 69 percent-520 cfs to 



Table 81 

HYDROLOGIC EFFECT OF CHANGING LAND USE IN  THE OAK CREEK WATERSHED 

Existing 
(1980) 

Condition 
Discharge 

(cfs) 

1,140~ 
1,590~ 
1,770~ 

1 ,I 3oa 
1,580~ 
1,760~ 

1 ,I 3oa 
1,580~ 
1,760~ 

1,090~ 
1,560~ 
1,770~ 

1,080~ 
1,560~ 
1,780~ 

840 
1,290 
1,500 

850 
1,290 
1,500 

1.1 30 
1,780 
2,080 

1,130 
1,780 
2,080 

400 
790 

1,030 

31 0 
600 
790 

160 
310 
410 

100 
170 
210 

20 
40 
50 

710 
1,400 
1,670 

650 
1,190 
1,450 

Recurrence 
Interval 
(years) 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

10 
50 

100 

Year 2000 
Land Use 

Floodplain 

Discharge 
(cfs) 

1,900~ 
2,520~ 
2,780~ 

1,890~ 
2,510~ 
2,770~ 

1,880~ 
2,490~ 
2,750~ 

1,830~ 
2,430~ 
2,680~ 

1,820~ 
2,41 oa 
2,660~ 

1,480 
2,010 
2,240 

1,480 
2,010 
2,240 

2,040 
2.790 
3,120 

2,040 
2,790 
3.1 20 

1.000 
1,540 
1,740 

640 
1,050 
1,210 

190 
360 
440 

- - 
- - 
- - 

. - 
- - 
- - 

1,200 
1,990 
2,280 

1.120 
1,680 
1,900 

Stream 

Oak Creek 

North Branch 
of Oak Creek 

Planned 
Without 

Development 

Relative 
to 

Existing 
Conditions 

(ratio) 

1.7 
1.6 
1.6 

1.7 
1.6 
1.6 

1.7 
1.6 
1.6 

1.7 
1.6 
1.5 

1.7 
1.5 
1.5 

1.8 
1.6 
1.6 

1.7 
1.6 
1.5 

1.8 
1.6 
1.5 

1.8 
1.6 
1.5 

2.5 
2.0 
1.7 

2.1 
1.8 
1.5 

1.2 
1.2 
1.1 

1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1.7 
1.4 
1.4 

1.7 
1.4 
1.3 

Year 2000 
Land Use 

plain 

Discharge 
(cfs) 

1,910~ 
2,540~ 
2,810~ 

1,900~ 
2,520~ 
2,790~ 

1,890~ 
2,510~ 
2,770~ 

1,840~ 
2,440~ 
2,700~ 

1,830~ 
2,420~ 
2,680~ 

1,500 
2,030 
2,270 

1,500 
2,030 
2,270 

2,080 
2,870 
3,220 

2,080 
2,870 
3,220 

1,030 
1,620 
1,830 

690 
1,140 
1,330 

200 
390 
490 

- - b 
- - b 

- * b 

- - b 
- - b 
. - b 

1,210 
2,000 
2,320 

1,130 
1,750 
1,940 

Planned 
With Flood- 

Development 

Relative 
to 

Existing 
Conditions 

(ratio) 

1.7 
1.6 
1.6 

1.7 
1.6 
1.6 

1.7 
1.6 
1.6 

1.7 
1.6 
1.5 

1.7 
1.6 
1.5 

1.8 
1.6 
1.6 

1.8 
1.6 
1.5 

1.8 
1.6 
1 .6 

1.8 
1.6 
1.6 

2.6 
2 .O 
1.8 

2.2 
1.9 
1.7 

1.2 
1.3 
1.2 

1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 

1.7 
1.4 
1.4 

1.7 
1.5 
1.3 

Location 

River 
Mile 

0.00 

0.95 

1.61 

2.84 

4.36 

5.23 

6.25 

7.52 

8.75 

9.84 

10.97 

11.97 

13.07 

13.32 

0.00 

0.88 

Description 

Confluence with 
Lake Michigan 

At Parkway Dam 

At  Chicago Avenue 

At 15th Avenue 

Upstream of Marquette 
Boulevard Extended 

Upstream of Confluence 
of Mitchell Field 
Drainage Ditch 

At E. Forest Hill 
Avenue 

At  Abandoned Chicago 
North Shore & 
Milwaukee Railroad 

Upstream of 
S. Shepard Avenue 

Upstream of Confluence 
of North Branch of 
Oak Creek 

At IH 94 

At S. 31st Street 

Downstream of 
W. Southland Drive 

Upstream of 
W. Woodward Drive 

Confluence with 
Oak Creek 

Downstream of 
W. Puetz Road 



Table 81 (continued) 

a ~ h e  change in the magnitude of the flood discharge values downstream of the confluence with the Mitchell Field Drainage Ditch does not 
always vary significantly from one output location to the next. For this reason, as well as to simplify the hydraulic modeling, discharge values 
were not changed at every output location in the calculation of flood stages. Therefore, the discharge values listed in this table may vary from 
those listed in Appendices D, E, and F. 

b ~ o  change in land use. 

Location 

'NO loss of floodwater storage upstream of this location. 

Stream 

Nor th  Branch 
of Oak Creek 
(continued 

Source: SEWRPC. 
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Recurrence 
Interval 

(years) 

10 
50 
100 

Year 2000 Planned 
Land Use With Flood- 

plain Development 

River 
Mile 

1.86 

10 430 
750 
880 

p-- 

260 
430 
520 

100 
140 
160 

80 
140 
150 

170 
330 
370 

350 
590 
730 

320 
560 
680 

310 
450 
520 

330 
600 
740 

80 
270 
350 

50 
160 
200 

40 
100 
140 

20 
50 
60 

Existing 
(1980) 

Condition 
Discharge 

(cfs) 

500 
800 
930 

Discharge 

(cfs) 

940 
1.190 
1,260 

Description 

Downstream o f  
Wildwood Drive 

Mitchell Field 
Drainage Ditch 

Southland Creek 

Tributary t o  
Southland Creek 

Tr ibutary t o  
Upper Oak Creek 

Relative 
t o  

Existing 
Conditions 

(ratio) 

1.9 
1.5 
1.4 

Year 2000 Planned 
Land Use Without 

Floodplain Development 

3.04 

4.22 

4.75 

5.21 

0.00 

0.80 

1.83 

2.73 

0.00 

0.71 

0.00 

0.00 

880 

Discharge 
(cfs) 

940 
1,190 
1,260 

1,130 
1,180 

540 
790 
880 

120 
160 
180 

100 
150 
170 

190 
350 
390 

580 
880 

1,020 

560 
820 
930 

450 
560 
620 

640 
1.010 
1,180 

180 
370 
450 

110 
220 
270 

80 
150 
170 

-. 
. - 
- - 

Relative 
t o  

Existing 
Conditions 

(ratio) 

1.9 
1.5 
1.4 

St. Paul & Pacific 

A t  W. Marquette Avenue 

A t  the MATC- 
South Campus 

A t  Chicago, Milwaukee, 
St. Paul & Pacific 
Railroad 

A t  CTH VIS. 13th Street 

Confluence w i t h  
Oak Creek 

A t  CTH BBMI. Rawson 
Avenue 

A t  CTH Z Z M I .  College 
Avenue 

A t  Private Drive 

Confluence w i t h  Nor th  
Branch of Oak Creek 

Upstream of  the Conflu- 
ence o f  the Tr ibutary 
t o  Southland Creek 

Confluence w i t h  
Southland Creek 

Confluence w i t h  
Oak Creek 

50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

2.1 
1.8 
1.7 

1.2 
1.1 
1.1 

1.2 
1.1 
1.1 

1.1 
1.1 
1 .O 

1.7 
1.5 
1.4 

1.8 
1.5 
1.4 

1.4 
1.2 
1.2 

1.9 
1.7 
1.6 

2.2 
1.4 
1.3 

2.2 
1.4 
1.4 

2.0 
1.5 
1.2 

1.0 
1.0 
1.0 

560 
820 
900 

150 
220 
240 

120 
200 
220 

190' 
350' 
390' 

580 
900 

1,050 

560 
830 
950 

450' 
560' 
620' 

640' 
1 ,010~ 
1,180~ 

180 
370 
450 

110 
220 
270 

80 
150 
180 

- - b 

- - b 
. . b 

2.2 
1.9 
1.7 

1.5 
1.6 
1.5 

1.5 
1.4 
1.5 

1 .l 
1.1 
1 .O 

1.7 
1.5 
1.4 

1.8 
1.5 
1.4 

1.4 
1.2 
1.2 

1.9 
1.7 
1.6 

2.2 
1.4 
1.3 

2.2 
1.4 
1.4 

2.0 
1.5 
1.2 

1 .o 
1 .O 
1 .o 



Figure 53 

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS 
FOR OAK CREEK AT THE CONFLUENCE WITH LAKE MICHIGAN 

UNDER EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS 

PERCENT PROBABILITY OF OCCURRENCE OR EXCEEDANCE IN ANY YEAR 
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SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR OAK CREEK 
UPSTREAM OF THE CONFLUENCE OF MITCHELL FIELD DRAINAGE DITCH 

UNDER EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS 
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Figure 55 

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR OAK 
UPSTREAM OF THE CONFLUENCE OF NORTH BRANCH OF OAK CREEK 

UNDER EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS 
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Source: SEWRPC. 

Figure 56 

SIMULATED DISCHARGE-FREQUENCY RELATIONSHIPS FOR NORTH BRANCH 
OF OAK CREEK AT THE CONFLUENCE WITH OAK CREEK UNDER 

EXISTING AND PLAN YEAR 2000 LAND USE CONDITIONS 
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Figure 57 

Source: SEWRPC. 

880 cfs-at W. Marquette Avenue on the North 

I 
Branch of Oak Creek, with an average increase of 
35 percent for the watershed. 

I 

Hydrologic-Hydraulic Impact of 
Year 2000 Planned Land Use With 1 Development in the Floodplain 
The impact that development in the floodplain 
fringe would have on flood flows in the water- I shed can be determined by comparing discharge- 
frequency values for the watershed under year 
2000 planned land use and existing channel/ 
floodplain conditions with those that would exist 1 under year 2000 planned land use and existing 
channel conditions but with development of flood- 
plain fringe areas. The comparison also illustrates / the impact which development in accordance with 
the land use plan described in Chapter XI may be 
expected to have on flood flow characteristics. 

Based upon the results of the hydrologic modeling 
at the 30 sites listed in Table 81, the increases in 
the 10-year recurrence interval flood discharge 1 between year 2000 planned land use and existing 

channel conditions but excluding development in 
the floodplain fringe areas and such planned land 
use conditions with development in the floodplain 
fringe areas may be expected to range from a low 
of 0 percent on Southland Creek at the confluence 
with the North Branch of Oak Creek, to a high 
of 25 percent-120 cfs to 150 cfs-at the MATC- 
South Campus on the North Branch of Oak Creek, 
with an average increase of 3 percent for the 
watershed. The increases in the 10-year recurrence 
interval flood discharge between existing land 
use and channel/floodplain conditions and year 
2000 planned land use and existing channel con- 
ditions with floodplain fringe development may 
be expected to range from a low of 25 percent- 
160 cfs to 200 c f s a t  S. 31st Street on Oak Creek, 
to a high of 158 percent-400 cfs to 1,030 cfs-on 
Oak Creek upstream of the confluence with the 
North Branch of Oak Creek, with an average 
increase of 74 percent for the watershed. 

For the 100-year recurrence interval flood, the 
increases in discharge between year 2000 planned 
land use and existing channel conditions without 
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floodplain fringe development and with floodplain 
fringe development may be expected to range from 
a low of 0 percent on Southland Creek at the con- 
fluence with the North Branch of Oak Creek, to a 
high of 33 percent-180 cfs to 240 c f s a t  the 
MATC-South Campus on the North Branch of Oak 
Creek, with an average increase of 4 percent for the 
watershed. The increases in the 100-year recur- 
rence interval flood discharge between existing 
land use and channel/ floodplain conditions and 
year 2000 planned land use and existing channel 
conditions with floodplain fringe development may 
be expected to  range from a low of 5 percent- 
370 cfs to  390 cfs-at S. 13th Street on the North 
Branch of Oak Creek, to a high of 78 percent- 
1,030 cfs to 1,830 cfs--on Oak Creek upstream of 
the confluence with the North Branch, with an 
average increase of 41 percent for the watershed. 

Diversion pipi along Drexel Avenue 
In addition to studying the impacts of changing 
land use on flood discharges and stages in the Oak 
Creek watershed, an investigation was made of the 
impact on flood discharges and stages of an exist- 
ing diversion pipe located along Drexel Avenue 
between the North Branch of Oak Creek and the 
Oak Creek main stem. The purpose of this pipe is 
to convey floodwaters from the North Branch of 
Oak Creek to the Oak Creek main stem, thereby 
reducing the peak flood discharges along the North 
Branch of Oak Creek south of W. Drexel Avenue. 
A comparison of the simulated flood discharges 
along the North Branch of Oak Creek with and 
without the diversion pipe is provided in Table 82. 
As indicated in this table, elimination of this 
diversion pipe would serve to increase the 100-year 
recurrence interval peak flood discharge on the 
North Branch of Oak Creek by as much as 1 2  per- 
cent under existing land use and channel condi- 
tions; by as much as 6 percent under plan year 
2000 land use--excluding development from the 
floodplains of the stream system--and existing 
channel/floodplain conditions; and by as much as 
8 percent under plan year 2000 land use-including 
limited development in the floodplain fringe 
areas-and existing channel conditions. Because of 
the timing of the peak discharges on the North 
Branch of Oak Creek and the main stem of Oak 
Creek, the diversion pipe has an insignificant 
impact on peak flood discharges and stages along 
the main stem of Oak Creek. 

SELECTION OF FLOOD-PRONE REACHES 

In order to develop the floodland management 
element of the comprehensive plan for the Oak 
Creek watershed, the existing and probable future 
flood-prone reaches within the watershed must 
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 
hydrologic-hydraulic simulation of flood flows and 
stages under existing land use and 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 watershed 
study. The second step involved the hydrologic- 
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 plan year 2000 land use conditions without 
implementation of any further floodland man- 
agement measures. The results of this two-step 
approach and of the subsequent design and evalua- 
tion of alternative flood damage-abatement mea- 
sures are described in the following sections of this 
chapter on a watershedwide basis. 

ALTERNATIVE FLOODLAND MANAGEMENT 
PLANS FOR THE OAK CREEK WATERSHED 

The Flood Problem 
The hydrologic-hydraulic simulation of the Oak 
Creek watershed under existing land use and 
channel and floodplain conditions indicates that 
there is the potential for modest flood damage to 
both crops and structures in the watershed. The 
potential for crop damage is spread throughout 
much of the watershed, while the majority of 
the structure damage potential is concentrated 
along Oak Creek between its confluence with the 
Mitchell Field Drainage Ditch and with the North 
Branch of Oak Creek, and the North Branch of 
Oak Creek. I t  is estimated that under a 100-year 
recurrence interval flood, 22 structures located on 
nine properties would be damaged. 



I Table 82 

IMPACT OF DREXEL AVENUE DIVERSION PIPE ON FLOOD DISCHARGES ALONG THE NORTH BRANCH OF OAK CREEK 

Source: SEWRPC. 

Under year 2000 planned land use and existing 
channel and floodplain development conditions, 
the potential for crop damage would exist only 
along Oak Creek between E. Forest Hill Avenue 
and S. Shepard Avenue. This is because, under 
planned land use conditions, all lands currently in 
agricultural use and subject to flooding, except 
those along the reach noted, would be converted to 
urban use, including parkway use along the flood- 
prone reaches of the channel. Structure damages 
would be concentrated along the same reaches 
under both planned land use conditions and 
existing land use conditions. It is estimated that 
30 structures--all currently existing-located on 
16 properties would incur flood damages under a 
100-year recurrence interval flood event under 
planned land use and existing channel conditions. 
This increase in the number of structures subject to 
flood damage would not be due to the construc- 
tion of new structures in the flood hazard area, but 
to increases in flood flows and stages as land use in 
the watershed changed from rural to urban. 

The average annual monetary damages attributable 
to flood damages to crops and structures may be 
expected to approximate $15,600 and $14,300, 
respectively, under existing land use, channel, and 
floodplain conditions; and about $25,200 and 
$72,800, respectively, under year 2000 planned 
land use and existing channel and floodplain 
conditions. If, however, additional urban develop- 
ment were permitted to occur 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 $84,200 and 
$259,600, respectively, may be expected to be 
incurred during a 100-year recurrence interval 
flood event; and of about $32,700 and $23,500, 
respectively, during a 10-year recurrence interval 
flood event. Under year 2000 planned land use and 
existing channel and floodplain conditions, flood 
damages to crops and structures of about $80,600 
and $571,800, respectively, may be expected to be 
incurred during a 100-year recurrence interval 

Location 

Year 2000 Planned Land 
Use With Floodpla~n 

Development Discharge (cfs) 
Recurrence 

Interval 
(years) 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

10 
50 
100 

R lver 
Mile 

0.00 

0.88 

1.86 

2.25 

3.04 

Description 

Confluence wi th  
Oak Creek 

Downstream of  
W. Puetz Road 

Downstream of 
W~ldwood Drive 

Upstream of Ch~cago, 
Milwaukee, St. Paul & 
Pacific Railroad 

Upstream of 
W. Marquette Avenue 

Percent 
Increase 

9 
5 
2 

12 
3 
3 

8 
9 
6 

12 
1 1  
8 

0 
0 
0 

With 
Diversion 

1,210 
2,000 
2,320 

1,130 
1,750 
1,940 

9 40 
1,190 
1,260 

890 
1 ,I 30 
1,190 

560 
820 
900 

Without 
Diversion 

1,320 
2,100 
2,380 

1,260 
1,810 
2,000 

1,020 
1,300 
1,340 

1,000 
1,250 
1,280 

560 
820 
900 

Existing (1980) Condition 
D~scharge (cfs) 

With 
D~version 

710 
1,400 
1,670 

650 
1,190 
1,450 

500 
800 
930 

430 
750 
880 

260 
430 
520 

Year 2000 Planned Land 
Use W~thout  Floodplain 

Development Discharge (cfs) 

Percent 
Increase 

6 
1 
1 

8 
2 
0 

3 
4 
3 

7 
6 
6 

0 
0 
0 

Without 
Diversion 

730 
1,480 
1,670 

670 
1,320 
1,550 

520 
940 

1,040 

460 
900 
990 

260 
430 
520 

With 
Diversion 

1,200 
1,990 
2,280 

1,120 
1,680 
1,900 

940 
1,190 
1,260 

880 
1,130 
1.180 

540 
790 
880 

Percent 
Increase 

3 
6 
0 

3 
1 1  
7 

4 
18 
12 

7 
20 
12 

0 
0 
0 

Without 
Diversion 

1,270 
2,010 
2,300 

1,210 
1,720 
1,910 

970 
1,240 
1,300 

940 
1,200 
1,250 

540 
790 
880 



flood event; and of $43,400 and $179,500, respec- 
tively, during a 10-year recurrence interval flood 
event. These existing and potential flood damages 
are relatively small compared to such damages in 
other watersheds in the Region. This may be 
attributed to the fact that the Oak Creek water- 
shed is smaller than most of the major watersheds 
in the Region; to the fact that much of the water- 
shed is still undeveloped, including the riverine 
areas, and thus flood damage-prone urban develop- 
ment can still be kept out of the flood hazard area; 
and to the fact that historic flood damage-prone 
urban development, such as that once existing in 
the City of South Milwaukee, has been cleared and 
the cleared land used for parkway purposes. 

No Action Alternative 
One alternative course of action for addressing the 
flood problems of the Oak Creek watershed is to  
do nothing-that is, to recognize the inevitability 
of flooding in the watershed, but to decide not to 
mount a collective, coordinated program to abate 
the flood damages. Under this alternative, one 
of two flood damage situations would remain, 
depending on which of the two land use devel- 
opment policies for the year 2000 previously 
described is adopted within the watershed. As 
previously stated, 30 structures may be expected 
to experience flood damages under a 100-year 
recurrence interval flood under either future land 
use condition. If it is assumed that new urban 
development will be allowed to occur within the 
floodplain fringe areas-that is, within the flood 
hazard area but outside the floodway-with all new 
structures being placed on fill or otherwise pro- 
tected from flood damage, then under year 2000 
land use and existing channel conditions, the 
average annual flood damages in the watershed 
may be expected to approximate $103,000. If it is 
assumed that no further development of flood 
hazard-prone areas within the watershed will be 
permitted, the average annual flood damages in 
the watershed may be expected to approximate 
$98,000. Under either condition, damage to crops 
would be minor and concentrated in the southeast 
portion of the watershed. There are no monetary 
benefits associated with this "do nothing" alterna- 
tive, and the average annual cost would be equiva- 
lent to the average annual flood damages. Table 83  
summarizes the estimated costs of this alternative. 

Structure Floodproofing, Elevation, 
and Removal 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 feasible 
and economically sound solution to the urban 
flood damage problems within the Oak Creek 
watershed. For analytical purposes, the 100-year 
recurrence interval flood stage under 2000 planned 
land use and existing channel conditions with 
floodplain fringe development was used to estimate 
the number of existing flood-prone structures to 
be floodproofed, elevated, or removed and the 
approximate costs involved. 

In the case of residential structures, floodproofing 
was assumed to be feasible if the design flood stage 
was below the first floor elevation. Structure 
elevation was considered 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 
elevation of at least two feet above the 100-year 
recurrence interval flood stage to provide adequate 
freeboard. For aesthetic reasons, structure eleva- 
tion was limited to  a maximum of four feet. Struc- 
tures which would have to be elevated more than 
four feet were considered for removal. 

Floodproofing was assumed to be feasible for all 
nonresidential structures 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. 

As shown on Map 48, of the 30 structures which 
are expected to incur flood damage, 22 would have 
to be floodproofed, 6 would have to be elevated, 
and 2 would have to be removed under this alterna- 
tive. Future flood damage to  the existing structures 
in the watershed would be virtually eliminated by 
these measures. The potential for damage to crops 
in the watershed would remain, however. Table 8 3  
sets forth the number and type of structures to be 
floodproofed, elevated, or removed and summa- 
rizes 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 average 
annual cost of this alternative is estimated at 
$50,000. This cost consists of the amortization of 
the $788,000 capital cost-$463,000 for flood- 
proofing, $193,000 for structure elevation, and 
$1 32,000 for structure removal. The average 



Table 83 

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF THE FLOODLAND MANAGEMENT ALTERNATIVES FOR THE OAK CREEK WATERSHED 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

Technically 
Feasible 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

a 

Alternative 

Name 

No Action-No develop- 
ment in floodplain 
area 

No Action-Development 
in floodplain fringe 
area only 

Structure floodproofing 
elevation, and removal 

Major Channelization 1 

Major Channelization 2 

Major Channelization 3 

Decentralized Storage 

Centralized Storage 

Description 

. . 

. . 

a. Floodproof up to 
22 residential and 
commercial 
structures 

b. Elevate up to six 
residential 
~tructures 

c. Remove up to two 
residential 
structures 

a. 16.2 miles of major 
channelization 

b. Modification or 
replacement of 
26 bridges 

a. 16.2 miles of major 
channelization 

b. Replacement of 
41 bridges 

a. 4.3 miles of major 
channelization 

b. Replacement of 
12 bridges 

Provide anrite deten- 
tion storage facilities 

Construction of flve 
detention storage 
reservoirs 

Annual 
Amortized 

Capital 
Cost 

(thousands) 

$ - -  

. . 

50 

1,394 

1,821 

375 

317 

46 

Capital 

Item 

. . 

. . 

Floodproofing 
Elevating 
Removal 

Subtotal 

Major channel- 
nation 

Bridge modifi- 
cation and 
replacement 

Subtotal 

Major channel- 
ization 

Bridge replace- 
ment 

Subtotal 

Major channel- 
ization 

Bridge replace- 
ment 

Subtotal 

Onsite deten- 
tion facilities 

Land cost 

Subtotal 

Reservoirs and 
outlet culverts 

Earthen embank- 
ment 

Land acquisition 

Subtotal 

Annual 
Operation and 
Maintenance 

Cost 
(thousands) 

$ - -  

. . 

. . 

15 

15 

4 

234 

18 

Cost 
- 

(thousands) 

$ - -  

. . 

463 
193 
132 

788 

16,047 

6,083 

22.130 

18,084 

10.822 

28,906 

1,142 

4,799 

5.941 

4,580 

450 

5,030 

612 

12 

99 

723 

~ o t a l ~  
Annual Cost 
(thousands) 

$ 98' 

103' 

50 

1.409 

1.836 

379 

55 1 

64 

Ecanomic 

~ n n u a l ~  
Benefits 

(thousands) 

$ - .  

. . 

78 

93 

103 

34 

73 

58 

~ n a l y s i s ~  

Excess of 
Annual 
Benefits 

Over Costs 
(thousands) 

$ .. 

. . 

28 

-1.316 

-1,733 

- 345 

- 478 

- 6 

Benefit- 
Con 
Ratio 

. . 

1.56 

0.07 

0.06 

0.09 

0.13 

0.91 

Benefit- 
Cost 
Ratio 

Greater 
than 1.0 

No 

No 

Yes 

No 

No 

No 

No 

No 

Nontechnical 
Noneconomic 

- 
Positive 

. . 

. . 

Immediate partial flood 
relief at discretion of 
property owners 

Most of the costs would 
be borne by 
beneficiaries 

Consistent with cammit- 
ment of communities 
within the watershed as 
reflected by the ioca- 
tion. size, and grade of 
existing storm Sewers 
and bridges 

Consistent with commit- 
ment of communities 
within the watershed as 
reflected by the loca- 
tion, rize, and grade of 
existing storm sewers 
and bridges 

Consistent with locally 
committed plans for 
development of indur- 
trial parks and residen- 
tial neighborhood in 
Citv of Oak Creek 

Potential to retain pub- 
lic open space. Impact 
on instream water 
quality 

Potential to retain 
public open space 

and 
Considerations 

Negative 

Continue to incur average 
annual flood damages of 

$98 Po0 

Continue to incur averqe 
annual flood damages of 
$103.000 

Complete,voluntary imple- 
mentation unlikely and 
therefore left with a sig- 
nificant residual flood 
problem. Overland flooding 
and some attendant prob- 
lems remain. Soma flood- 
proofing is likely to be 
applied without adequate 
professional advice and, 
as a result. structure 
damage may occur. Partial 
rerolutionof flood problem 

Aesthetic impact of con- 
erete lining. partial 
resolution of flood 
problem 

Aesthetic lmpan of 
concrete lining 

Partial resolution of 
flood problem 

No assurance of long-term 
commitment by local units 
of government to require 
onsite detention facilities. 
Olfficult to apply to 
~mal i~ca le  development 
proporals. Partial rerolutton 
of flood problem. 

Partial resolution of 
flood problem 



Table 83 (continued) 

a~conomic analyses are based on an annual interest rate o f  6 percent and a 50-year amortization period and project life 

b ~ n n u a l  benefits and costs used in the benefitcost analysis include only the direct benefits derived from the abatement o f  moneory flood damages, and the direct costs attendant to implementation of the flood control measurer, including capital and 
operation and maintenance costs. Environmental and recreational benefits and costs were not addressed in the benefitcost analysis since these represent intangible benefits and costs and. therefore, cannot be readily qua" tified. 

Number 

9 

10 

11 

12 

 he total cost of rhrs altsrat,ve conr,rtr of the average annual monetary flood damages 

Source: SEWRPC. 

lschnically 
Feasible 

Yes 

Yes 

Yes 

Yes 

Alternative 

Name 

Combination of Major 
Channelization and 
F loadproof ing 

Combination of Maior 
Channelization. Chan- 
nel Deepening and 
Shaping. Centralized 
Storage, Structure 
Floodproofing, and 
Elevation 

Combination of Mini- 
mum Channelization 
and Structure Flood- 
proofing. Elevation, 
and Removal 

Combination of Channel 
Deepening and Shaping, 
and Structure Flood- 
proofing. Elevation, 
and Removal 

~ n a l y r i s ~  

Excess of 
Annual 
Benefits 

Over Costs 
(thousands) 

$ -501 

- 316 

- 234 

13 

Description 

a. 6.4 miles of major 
channelization 

b. 3.7 miles of chan- 
"el deepening and 
shaping 

c. Replacement of 
19 bridges 

d. Floodproof. ele- 
vate, or remove up 
to 24 structures 

a. 6.4 mtler of major 
channelization 

b. 3.7 miles of chan- 
nel deepening and 
shaping 

c Replacement of 
eight bridges 

d. Construction of five 
detention basins 

e. Floodproof or 
elevate up to 18 
structures 

a. 5.7 miles of maiar 
channelization 

b. 3.7 miles of chan- 
nel deepening 
and shaping 

c. Replacement of 
11 bridges 

d. Floodproof. ele- 
vate, or remove up 
to 26 structures 

a. 2.4 miles of chan- 
nel deepening and 
shaping 

b. Repia~ment of two 
bridges 

c. Floodproof, elevate, 
or remove up to 
29 rtructurer 

Benefit- 
Cost 
Ratio 

0.16 

0.24 

0.28 

1.20 

Capital 

Item 

Major channel- 
ization 

Channel deepen- 
ing and shaping 

Bridge replace- 
ment 

Structure fload- 
proofing, ele- 
vation, and 
removal 

Subtotal 

Major channeli- 
zation 

Channel deepen- 
ing and shaping 

Bridge replace- 
ment 

Detention basins 

Structure flood- 
proofing and 
elevation 

Subtotal 

Maior channeli- 
zation 

Channel deepen- 
ing and shaping 

Bridge replace- 
ment 

Structure flood- 
proofing, ele- 
vation, and 
removal 

Subtotal 

Channel deepen- 
ing and shaping 

Bridge replace- 
ment 

Structure flood- 
proofing, ele- 
vation, and 
removal 

Subtotal 

Annual 
Amortized 
Capital 

Cost 
(thousands1 

$ 583 

386 

318 

64 

Cost 

Ithourandsl 

$ 1,676 

401 

6.541 

347 

8.965 

1.574 

401 

3,317 

723 

107 

6.122 

1.076 

401 

3,049 

521 

5,047 

207 

110 

692 

1.009 

Benefit- 
c o n  
Ratio 

Greater 
than 1.0 

No 

No 

No 

Yes 

Annual 
Operation and 
Maintenance 

Cost 
(thousands) 

$ 10 

28 

9 

1 

Nontechnical 
Noneconomic 

Positive 

Consistent with locally 
committed plans for 
development of indur- 
trial parks and reriden- 
rial neighborhood in 
City of Oak Creek. 
Provides sufficient 
outlet for existing 
storm sewers 

Consistent with locally 
committed plans for 
development of indur- 
trial parks and reriden- 
rial neighborhood in 
City of Oak Creek. 
Provider rufficlent 
outlet far existing 
storm sewers. Poten- 
tial to retain public 
 ape^, space 

Consistent with locally 
committed plans for 
development of indur- 
trial parks and residen- 
rial neighborhood in 
City of Oak Creek. 
Provides rufflcient 
outlet for existing 
storm sewers 

Immediate partial flood 
relief a t  discretion of 
property owners 

Provider sufficient outlet 
far a rtorm sewer 
outfall whfch is cur- 
rently below channel 
gradeand elim~nater 
a negative channel 
slope between IH 94 
and S. 27th Street 

~ o t a l ~  
Annual Cost 
(thousands) 

$ 593 

414 

327 

65 

and 
Considerations 

Negative 

Partial resolution of 
flood problem 

Partial resolution of 
flood problem 

Partial resolution of 
flood problem 

Complete. voluntary imple- 
mentation unlikely and 
therefore left with a 
significant residual flood 
problem. Overland flooding 
and rome attendant prob- 
lems remain. Same flood- 
proofing is likely to be 
applied without adequate 
profesrlonal advice and. 
as a result, structure 
damage may occur. Partial 
resolution of flood problem 

Economic 

~ n n u a l ~  
Benefits 

(thousands) 

$ 92 

98 

93 

78 



annual flood damage abatement benefit was 
estimated at $78,000 per year, yielding a benefit- 
cost ratio of 1.56. Therefore, the structure flood- 
proofing, elevation, and removal alternative plan as 
described herein was found to be both technically 
and economically feasible. 

Major Channelization Alternatives 
Three alternatives utilizing major channel modifica- 
tions were developed and analyzed for the Oak 
Creek watershed to determine if such measures 
would provide technically and economically sound 
solutions to existing and future flood problems, as 
well as to accommodate existing local development 
and stormwater drainage plans. The purpose of the 
first two alternatives was two-fold: 1 )  to help abate 
the existing and future flood damages; and 2) to 
provide an adequate outlet for existing urban 
stormwater drainage systems which, as designed 
and built, may experience a loss of required 
hydraulic capacity as a result of the inverts of the 
outlets being at an elevation below the existing 
streambed, or as a result of surcharging from the 
receiving stream to which the outlets discharge. 

Many of the storm sewer outfalls in the watershed 
have been designed to match the recommended 
future channel invert set forth in the 1967 report 
prepared for the Milwaukee Metropolitan Sewerage 
District by Klug & Smith Company entitled, 
Report on Oak Creek Flood Survev on Entire " 

Basin for the Metropolitan Sewerage Commission 
of the County of Milwaukee. That report recom- 
mends major channel modifications for much of 
the Oak creek watershed stream system, and its 
recommendations have been incorporated by the 
District and other state and local units and agencies 
of government into the design of bridges, channel 
improvements, and urban stormwater drainage 
systems. This has resulted in one existing storm 
sewer outfall entering the stream system with an 
invert elevation below the elevation of the existing 
channel bottom. An additional 21 storm sewer 
outfalls enter the stream system with invert eleva- 
tions at, or within two feet of, the elevation of the 
existing channel bottom. Finally, an additional 
151 storm sewer outfalls enter the stream system 
with invert elevations more than two feet above 
the elevation of the channel bottom. The locations 
of the 22 outfalls which enter the stream with 
invert elevations less than two feet above the chan- 
nel bottom are shown on Map 49. The locations of 
all of the storm sewer outfalls in the watershed 
are also shown on Map 36 in Chapter VII. Those 

outfalls with invert elevations below the channel 
bottom and within two feet of that bottom may 
be expected to experience loss of capacity which 
may cause drainage problems due to storm sewer 
surcharging. 

The third alternative considered was designed to 
accommodate the development of two locally 
committed industrial parks in the City of Oak 
Creek, one located along Oak Creek between IH 94 
and S. 27th Street, and one located along the 
North Branch of Oak Creek between W. Drexel 
Avenue and W. Rawson Avenue. This alternative is 
also designed to accommodate a locally committed 
residential development along the North Branch of 
Oak Creek, downstream of Wildwood Drive. 

Major Channelization Alternative 1: The first flood 
control alternative utilizing major channel improve- 
ments is shown on Map 50, and the physical 
characteristics and estimated costs and benefits of 
this project are set forth in Table 83. The design 
of the modified channel under this alternative- 
including the alignment, grade, and channel bot- 
tom widths-is based upon the recommended 
channel improvements outlined in the Klug & 
Smith report referenced above except along two 
stream reaches where channel improvements have 
been made which do not follow that design. 
These reaches are located along Oak Creek between 
E. Rawson Avenue and S. Pennsylvania Avenue, 
and between S. Howell Avenue and the confluence 
with the North Branch of Oak Creek. For those 
stream reaches which were not included in the 
Klug & Smith report, the channel alignment and 
bottom widths used were based on preliminary 
designs developed by the City of Oak Creek 
Engineering Department. 

Under this alternative, major channel modifications 
would be required along Oak Creek starting at the 
upstream end of the parkway impoundment in the 
City of South Milwaukee and continuing upstream 
to S. 27th Street-a distance of 9.8 miles. The pro- 
posed channel would have a bottom width ranging 
from 16  to 42 feet, with side slopes of one on two 
for the lower half of the channel cross-section, and 
of one on three for the upper half of the channel 
cross-section. The lower half of the channel would 
be concrete-lined and the top half turf-lined. This 
channel cross-section geometry is consistent with 
that proposed by the Milwaukee Metropolitan 
Sewerage District for the reach of Oak Creek 
between E. Rawson Avenue and S. Pennsylvania 
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Map 49 

EXISTING STORM SEWER OUTFALLS IN THE 
OAK CREEK WATERSHED WHICH ENTER 

THE STREAM SYSTEM WITHIN TWO FEET 
OF THE EXISTING CHANNEL GRADE 

LEGEND 

E%$:::e-E.z:%As 
"TFbLL WIG* L..W -M n s i r u  
Brws EXlSIlNG SHrnNEL orlam 

-- 

Many of the existing storm sewers in the Oak Creek wstershsd have 
been designed under the assumption that major channelization of 
the stream system would occur. This has resulted in one storm sewer 
outfall being set a t  an elevation which is below the existing channel 
grade, with another 21 storm sewer outfalls being set at elevations at 
or within fwo feet of the existing channel grade. This situation may 
result in surcharging of those storm sewers which drain to these 
22 outfailr. 

Source: SEWRPC. 

Avenue. Major channel modifications would also 
be required along the North Branch of Oak Creek 
from its confluence with Oak Creek upstream to  
W. Ramsey Avenue, a distance of 5.6 miles, and 
along the Mitchell Field Drainage Ditch &om its 
confluence with Oak Creek upstream to W. Raw- 
son Avenue, a distance of 0.8 mile. The proposed 
channel geometry would be the same as that for 
Oak Creek, with bottom widths of eight feet for 
the North Branch of Oak Creek and 24 feet for the 
Mitchell Field Drainage Ditch. In addition, this 
alternative includes widening and shaping of the 

channel of the Mitchell Field Drainage Ditch along 
the Wisconsin Air National Guard property. These 
improvements would begin at  the upstream end of 
the south runway culvert and continue upstream 
for approximately 800 feet. The proposed channel 
would be turf-lmed with a bottom width of 1 0  feet 
and side slopes of one on three. 

This alternative plan element also includes the 
replacement of 25 bridges as listed in Table 84-19 
on Oak Creek and six on the North Branch of Oak 
Creek. No bridge replacement would be required 
on the Mitchell Field Drainage Ditch. It should be 
noted that of the 25 bridges to be replaced, 1 2  are 
designated for reconstruction for highway capacity 
purposes under the year 2000 regional transporta- 
tion 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. Therefore, the cost of replacing 
these 12  bridges was not included in the cost analv- - 
sis of the alternative flood control plan elements. 

In addition to these bridge replacements, modifi- 
cations would be required in the design of the 
proposed E. Rawson Avenue replacement bridge 
which is scheduled for construction in the fall of 
1985. The new bridge is proposed to consist of 
three 10-feet-wide by 10-feet-high concrete box 
culverts. The hydrologic-hydraulic analyses of this 
alternative indicate that this structure would cause 
an excessive amount of backwater, resulting in 
added flood damages in the City of South Mil- 
waukee. Preliminary findings indicate that the 
waterway opening of this bridge would need to  be 
increased by an area equivalent to three ll-feet- 
wide by 10-feet-high box culverts. 

I t  should be noted that the flood flows estimated 
under this alternative are somewhat higher than 
those estimated under the Klug & Smith study. 
One reason for these differences is that the earlier 
study used a 50-year recurrence interval storm as 
the design storm, while this study uses a 100-year 
recurrence interval event as the design storm. 
Second, the techniques used in the development of 
the design flows for the Klug & Smith study did 
not reflect the loss of storage and the improved 
hydraulic efficiency associated with implementa- 
tion of a major channelization alternative. The 
simulation modeling techniques which were util- 
ized in this study more fully reflect these effects. 
For example, the earlier study estimated design 
flood flows at  the Oak Creek parkway impound- 



Map 50 

MAJOR CHANNELIZATION ALTERNATIVE 1 FOR THE OAK CREEK WATERSHED 

LEGEND PROP-D B R I N E  MODlFlCArlON 3 CROSS-SECTION 
IDENTIFICATION NUMBER 

100-MAR RECURRENCE INTERVAL FLWCCANDS-PLANND STRUCTURE EXPERIENCINCiOAWAGESUNER FLWD 
(SEE PAGE 371) 

LANDUSE A M )  EXlSTlNG CHANNEL COM)ITIO*IS CaUTROL ALTERNaTIYE 

IW-MARRECURRENCE INTERVAL ROODLANDS--PLANNED STRUCTURE TYPE 
LAND USE WlTH MaJOR CHANNELIZATION 

PAOFOSED MAJOF1 CHANNELIZATION 
C COMMERClPL 

WOPOSED BRlWE RER&C.CEMENT 
R RESIDENTIAL 

LIP-. 

A major channelization alternative f l w d  mntrol Plan was prepared and evaluated to determine if such a measure would provide a technically 
feasible and economically sound solution to the flood damage problem in the Oak Creek watershed. Under this alternative, the Oak Creek 
channel would be deepened and enlarged beginning at the upstream end of the parkway impoundment in the City of South Milwaukee and 
extending upstream to S. 27th Street-a distance of 9.8 miles; the North Branch of Oak Creek would be deepened and enlarged beginning at 
its confluence with Oak Creek and extending upstream to W. Ramsey Avenue--a distance of 5.6 miles; and the Mitchell Field Drainage Ditch 
would be deepened and enlarged beginning at its mnfluence with Oak Creek and extending upstream to E. Rawron Avenue--a distance of 
0.8 m'le. In addition. 25 bridges would be replaced l o  accommodate the deeper and larger channel. Under this alternative. residua flood 
damages amounting to $10,000 on an average annual basis vvobld remaan in the walershed. White technically feasible, this a ternative was found 
to have a benefit-cost ratio of significantly less than one. 

Source: SEWRPC. 
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ment in the City of South Milwaukee of 2,740 cfs 
and 5,000 cfs for the 10-year and 50-year recur- 
rence interval storm events, respectively, under 
future land use and existing channel conditions 
assuming full urbanization of the watershed. 
Under this study, these design flood flows were 
estimated to be 1,900 cfs and 2,500 cfs for the 
10-year and 50-year recurrence interval events, 
respectively, and 2,800 cfs for the 100-year recur- 
rence interval event, all assuming planned land use 
and existing channel conditions. Under planned 
land use and channel conditions, the estimated 
flow rates under this study are 4,800 cfs and 
7,100 cfs for the 10-year and 50-year recurrence 
interval events, respectively, and 8,200 cfs for the 
100-year recurrence interval event. 

The results of the hydrologic-hydraulic simulation 
modeling conducted for this alternative indicate 
that the 100-year recurrence interval flood flow 
would not be contained within the modified 
channel proposed in the Klug & Smith report along 
certain stream reaches. The areas of residual flood 
damages associated with this alternative are indi- 
cated on Map 50; these damages may be expected 
to total about $10,000 on an average annual basis. 

Utilizing an annual interest rate of 6 percent and 
an amortization period and project life of 50 years, 
the average annual cost of this major channelization 
alternative is estimated at $1,409,000. This cost 
consists of the amortization of the $22,130,000 
capital cost of the major channelization and bridge 
replacement entailed, and $15,000 in annual 
operation and maintenance costs. This cost does 
not reflect the purchase price of land required 
for the proposed channel modifications. The 
alignment of the proposed channel is mainly within 
parkway lands or existing drainage rights-of-way; 
therefore, land costs were considered minimal. 
The average annual flood abatement benefit is 
estimated at $93,000, resulting in a benefit-cost 
ratio of 0.07. This major channelization alterna- 
tive, while technically feasible, was found to have a 
benefit-cost ratio of substantially less than one. 
The monetary benefits assigned to this alternative 
do not include benefits derived from the provision 
of adequate outlets for the storm sewer outfalls 
located less than two feet above the channel 
bottom, or from the realignment of the channel to 
coincide with local development plans. 

Major Channelization Alternative 2: The second 
major channelization flood control alternative 

is essentially the same as the first alternative, 
except that the channel is designed to contain the 
100-year recurrence interval flood discharge while 
providing a minimum of two feet of freeboard. 
Major channel modifications would be required 
along Oak Creek between the parkway impound- 
ment in the City of South Milwaukee and S. 27th 
Street, a distance of 9.8 miles; along the North 
Branch of Oak Creek from its confluence with 
Oak Creek to W. Ramsey Avenue, a distance of 
5.6 miles; and along the Mitchell Field Drainage 
Ditch from its confluence with Oak Creek to 
E. Rawson Avenue, a distance of 0.8 mile. This 
alternative is shown on Map 51, and the physical 
characteristics and estimated costs and benefits are 
set forth in Table 83. Under this alternative, the 
proposed channel would need to be widened 
and/or deepened beyond that proposed in the 
Klug & Smith report. For some reaches the pro- 
posed channel would need to be widened an 
additional 10  to 36 feet, while the channel bottom 
would need to be lowered an additional two feet. 
For the reach of the Mitchell Field Drainage 
Ditch along the Wisconsin Air National Guard 
property, no further channel widening was con- 
sidered under this alternative. Any further effort to 
confine the design flood discharge to the channel 
at this location would require the replacement of 
the south runway culvert, since the backwater 
created by this culvert results in a flood stage 
higher than the proposed channel banks. Since the 
channel improvements called for under the first 
channelization alternative would result in the 
elimination of the structure damages in this area, 
no further consideration was given to replacing the 
runway culvert. 

In addition to the required widening and lowering 
of the channel bottom, 16 additional bridges 
would need to be replaced under this alternative. 
These bridges are listed in Table 84. Of the 41 
bridges requiring replacement under this alter- 
native, 1 2  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, and there- 
fore were not considered in the cost analysis of 
this alternative. 

Utilizing an annual interest rate of 6 percent and 
an amortization period and project life of 50 years, 
the average annual cost of this channel modifica- 
tion alternative is estimated at $1,836,000, con- 
sisting of the amortization of the $28,906,000 



Map 51 

MAJOR CHANNELIZATION ALTERNATIVE 2 FOR THE OAK CREEK WATERSHED 
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100-YEAR RECURRENCE INTERVAL FUmCaNffi--PLbNNED 3 CROss-sECnON lDENTlFlCnTlON 
L A N D U Y  A M  EXISTING CYANNCL CCNDlTlONS NUMBER<SEE PAGE 3761 

IM-YEAR RENRRENCE INTERVAL FLWDLaffi--PLANNEO 
LAND USE WITH M&JORCHaINNELIZAT.TION 

PRWOSED MAJoR CHaNNELIZ&TlON 

PRMSEDeR4DoE REPLACEMENT 

A second 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 damage problem in the Oak Creek watershed. Under this alternative, the Oak 
Creak channel would be deepened and enlarged beginning at the parkway dam in the City of South Milwaukee and extending upstream to 
S. 27th Street-a distance of 9.8 miles; the North Branch of Oak Creek would be deepened and enlarged beginning at the confluence with 
Oak Creek and extending upstream to W. Ramsey Avenue-a distance of 5.6 miles; and the Mitchell Field Drainage Ditch would be deepened 
and enlarged beginning at the confluence with Oak Creek and extending upstream to E. Rawson Avenue-a distance of 0.8 mile. In addition, 
41 bridges would be replaced to accommodate the larger channel. While technically feasible, this alternative was found to have a benefitcost 
ratio of significantly less than one. 

Source: SEWRPC, 
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capital cost of major channelization and bridge 
replacement, and $15,000 in annual operation and 
maintenance costs. This cost does not reflect the 
purchase price of land required for the proposed 
channel since the alignment of the proposed 
channel is mainly within parkway lands or exist- 
ing drainage rights-of-way. The average flood 
abatement benefit is estimated at $103,000, 
resulting in a benefit-cost ratio of 0.06. Thus, this 
major channelization alternative plan, while 
technically feasible, was found to have a benefit- 
cost ratio of substantially less than one. The 
monetary benefits assigned to this alternative do 
not include benefits derived from the provision of 
adequate outlets for the storm sewer outfalls 
located less than two feet above the existing 
channel bottom, or from the realignment of the 
channel to coincide with local development plans. 

Major Channelization Alternative 3: The third 
flood control alternative utilizing major channeliza- 
tion is shown on Map 52, and the physical charac- 
teristics and estimated costs and benefits attendant 
to  this alternative are set forth in Table 83. Under 
this alternative, major channel modifications would 
be carried out along only a portion of Oak Creek 
beginning at the Chicago, Milwaukee, St. Paul & 
Pacific Railroad (Milwaukee Road) and extending 
upstream to S. 27th Street-a distance of about 
1.5 miles. Peak flood discharges and channel slopes 
would be less under this alternative than under the 
first two channelization alternatives, thereby 
resulting in lower velocities along the modified 
channel reaches and allowing the use of turf lining 
in place of concrete lining. The proposed channel 
would have a bottom width of 20 feet with side 
slopes of one on three. Major channel modifica- 
tions would also be required along the North 
Branch of Oak Creek beginning about 960 feet 
downstream of the confluence with Southland 
Creek and extending upstream to W. Rawson 
Avenue-a distance of about 2.8 miles. This pro- 
posed channel would also be turf-lined and have 
a bottom width of 20 feet with side slopes of 
one on three. 

This alternative plan would require the replace- 
ment of five bridges on Oak Creek and seven 
bridges on the North Branch of Oak Creek. These 
bridges are listed in Table 84. Of these 12  bridges, 
two are designated for reconstruction for highway 
capacity purposes, and therefore were not con- 
sidered in the cost analysis for this alternative. 

The hydrologic-hydraulic analyses conducted under 
this alternative indicates that the reduction in 
floodwater storage created by the channel modifi- 
cations would serve to increase stages downstream 
of the Oak Creek modification a distance of about 
10.2 miles, with the increases over this length 
varying from 0.1 to 0.5 foot. Stages would also be 
increased downstream of the North Branch modifi- 
cation for a distance of about 0.7 mile, with the 
increases over this length varying from 0.1 foot to 
1.1 feet. Chapter NR 116 of the Wisconsin Adminis- 
trative Code requires that flooding easements be 
obtained from all property owners affected by any 
increase of more than 0.1 foot in the 100-year 
recurrence interval flood profile." Accordingly, 
such flooding easements would have to be obtained 
under this alternative for that reach from the 
mouth of Oak Creek to the beginning of the major 
channel improvements. 

Under this alternative, flood damage to crops and 
structures totaling $26,000 and $43,000, respec- 
tively, on an average annual basis would remain in 
the watershed. The locations of these residual 
damages are shown on Map 52. 

Utilizing an annual interest rate of 6 percent 
and an amortization period and project life of 
50 years, the average annual cost of this alternative 
is estimated at $379,000, consisting of the amorti- 
zation of the $5,941,000 capital cost of the 
channel improvements and bridge replacements, 
and $4,000 in annual operation and maintenance 
costs. These costs do not reflect the purchase price 
of land required for the proposed channel align- 
ments since most of the channel would be within 
existing drainage rights-of-way or within parkway 
lands. The average annual flood abatement benefit 
is estimated at $34,000, resulting in a benefit-cost 
ratio of 0.09. Thus, this channel enlargement 
alternative, while technically feasible, was found to 
have a benefit-cost ratio of substantially less than 
one. The monetary benefits associated with this 
alternative do not include benefits derived from 
the provision of adequate outlets for the storm 
sewer outfalls located less than two feet above 

l 1  A revised version of Chapter NR 116 became 
effective in March 1986 limiting this increase to  
0.01 foot.  



the channel bottom, or from the realignment of 
the channel in accordance with local develop- 
ment plans. 

Decentralized Storage Alternative 
An alternative flood control plan consisting of 
decentralized-or offstream, onsitestorage was 
considered. This alternative is shown on Map 53, 
with the physical characteristics and estimated 
costs and benefits being set forth in Table 83. This 
alternative assumes that all of the communities in 
the watershed will adopt policies requiring t,hat 
onsite stormwater detention facilities be provided 
as land is converted from rural to urban use in 
order to ensure that stormwater runoff from 
developing areas will not exceed such runoff under 
predevelopment conditions. Such a policy would 
serve to limit peak flood discharges to those under 
the existing land use conditions in the watershed. 
In addition, the construction of onsite storage 
facilities could reduce the costs of local urban 
stormwater facilities, as well as provide some 
water quality benefits, by limiting the amount of 
urban nonpoint source pollution entering the 
stream system. 

Under this alternative plan, a large number of 
relatively small detention basins were assumed to 
be installed throughout the watershed to serve new 
development. For cost estimation purposes, it was 
assumed that 90 such basins, each with a size of 
from one to two acres and serving about 80 acres 
of tributary drainage area, would be installed. It 
was recognized that other types of facilities such as 
infiltration trenches could also be used to minimize 
stormwater flows, and that the best type of facility 
would have to be determined on the basis of 
site-specific analyses. The estimated cost of this 
alternative did not, however, include a credit for 
reductions in the size and cost of local stormwater 
conveyance facilities, since such reductions are 
uncertain in the absence of detailed system plans. 
The estimated cost of this alternative does include 
the cost of the up to 180 acres of land required for 
the detention basins. These land costs were included 
since the area occupied by these basins could, in 
the absence of a decentralized storage plan, be used 
for other purposes. 

In considering a decentralized storage alternative, 
several negative aspects are encountered. First, the 
long-term commitment to a decentralized storage 
policy by any one local unit of government in the 

watershed, much less by all of the local units of 
government in the watershed, must be considered 
uncertain. While a local governing body may at any 
given time favor such a policy, there is no assur- 
ance that future governing bodies will be similarly 
inclined. Furthermore, it is unlikely that a decen- 
tralized storage policy could, as a practical matter, 
be applied to each and every increment of urban 
land development in the watershed. While such a 
policy may be relatively easy to apply to large-scale 
development, it is much more difficult to apply to 
smaller increments of land development. Accord- 
ingly, as a practical matter, it is likely that flood 
flows would increase as a result of urban develop- 
ment despite the best efforts of any local unit of 
government to apply a decentralized stormwater 
storage policy. Finally, such a policy does not 
address the flood problems associated with existing 
development conditions. These problems would 
still require the development of a more "conven- 
tional" flood control plan. 

Utilizing an interest rate of 6 percent and an 
amortization period and project life of 50 years, 
the average annual cost of this alternative was 
estimated at $551,000, consisting of the amortiza- 
tion of the $5,030,000 land costs and capital cost 
of the onsite detention facilities, and $234,000 in 
annual operation and maintenance costs. The aver- 
age annual flood abatement benefit was estimated 
at $73,000, the difference between the potential 
average annual flood damage under existing land 
use and channel and floodplain conditions and 
year 2000 planned land use and existing channel 
conditions with floodplain fringe development. 
The benefit cost ratio was thus estimated at 0.13. 

Centralized Storage Alternative 
A centralized-or on-stream--detention storage 
alternative flood control plan was also prepared 
and evaluated. As shown on Map 54, this alterna- 
tive consists of the construction of five on-stream 
detention basins at the following locations: 1 )  up- 
stream of S. Howell Avenue on the Oak Creek 
main stem; 2) upstream of S. 27th Street on the 
Oak Creek main stem; 3) upstream of S. 31st 
Street on the Oak Creek main stem; 4) upstream of 
the first S. 6th Street crossing of the North Branch 
of Oak Creek-this being at the same location as 
the proposed sediment basin described in Chap- 
ter XIII; and 5) upstream of S. Howell Avenue on 
the Mitchell Field Drainage Ditch. These sites were 
selected because of their proximity to reaches with 
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potential flood damages and because basins at 
these sites would have the greatest potential impact 
on downstream peak flood discharges. 

The results of the hydrologic-hydraulic simulation 
modeling conducted under this alternative indicate 
that some flood damage potential would remain 
under this alternative. The locations of the residual 
flood damages attendant to the 100-year recur- 
rence interval flood event under year 2000 planned 
land use and existing channel conditions with flood- 
plain fringe development are shown on Map 54 
and amount to about $45,000 on an average 
annual basis. 

Utilizing an interest rate of 6 percent and an 
amortization period and project life of 50 years, 
the average annual cost of this alternative was 
estimated at $64,000, consisting of the amortiza- 
tion of the $723,000 land cost and capital cost of 
constructing the five detention basins, and $18,000 
in annual operation and maintenance costs. The 
average annual flood abatement benefit is esti- 
mated at $58,000, resulting in a benefit-cost ratio 
of 0.91. 

Combination Major Channelization, 
Channel Deepening and Shaping, and Structure 
Floodproofing, Elevation, and Removal Alternative 
Based upon the results of the analyses of the flood 
control alternatives, a ninth flood control alterna- 
tive was developed. This alternative is shown on 
Map 55, with the physical characteristics and 
estimated costs and benefits being set forth in 
Table 83. This alternative incorporates the major 
channel modifications described under the third 
major channelization alternative; that is, modifica- 

tions would be carried out along Oak Creek from 
the Milwaukee Road railway crossing upstream to 
S. 27th Street, a distance of 1.5 miles; and along 
the North Branch of Oak Creek from about 960 
feet downstream of the confluence with Southland 
Creek and extending upstream to W. Rawson 
Avenue, a distance of 2.8 miles. These channels 
would have bottom widths of 20 feet and side 
slopes of one on three, and be turf-lined. Major 
channel modifications would also be made along an 
additional 2.1 miles of the North Branch of Oak 
Creek from W. Rawson Avenue to W. Ramsey 
Avenue. In addition to these major channel modifi- 
cations, deepening and shaping of the channel 
would be required along three stream reaches: 
1) Oak Creek between S. Pennsylvania Avenue and 
E. Puetz Road, a distance of 2.1 miles; 2) Oak 
Creek extending from apoint about 0.5 mile down- 
stream of S. Shepard Avenue to a point about 0.3 
mile upstream of S. Shepard Avenue, a distance of 
0.8 mile; and 3) the Mitchell Field Drainage Ditch 
from its confluence with Oak Creek upstream to 
E. Rawson Avenue, a distance of 0.8 mile. In these 
reaches the streambed would be lowered an average 
of three feet in order to provide an adequate outlet 
for existing storm sewer outfalls. 

The hydrologic-hydraulic analysis conducted under 
this alternative indicates that the loss of flood- 
water storage would result in an increase of 0.1 to 
0.8 foot in the 100-year recurrence interval flood 
profile for Oak Creek downstream of the proposed 
channel modifications. The increase in the flood 
profile on the North Branch of Oak Creek is 
expected to range from 0.8 foot to 1.4 feet. 
Therefore, flooding easements would have to be 
obtained under this alternative for the Oak Creek 
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DECENTRALIZED STORAGE ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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A decentralized storage alternative flood control plan was prepared and evaluated to determine i f  such a measure would provide a technically 
feasible and economically round roiution to the flood damage problem in the Oak Creek waterskd. Under this alternative, onsite detention 
storage facilities would be provided as land is converted from rural to urban uses. This alternative would not reoolve the flood problems asso- 
ciated with existing development conditions. While technically feasible, this alternative was found to have a benefitcost ratio of significantly 
less than one. 

Source: SEWRPC. 
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CENTRALIZED STORAGE ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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A centralired storage alternative flood control plan was prepared and evaluated to determine if such a measure would provide a technically 
feasible and economically tound solution to the flood damage problem In the Oak h s e k  watershed. Under this alternative, five on-stream 
detention basins would be constructed at the following locations: 11 upstream of S. Howell Avenue on Oak Creek: 21 upstream of S. 27th 
Street on Oak Creek; 3) upstream of S. 31st Street on Oak Creek: 4) upstream of the first S. 6th Street crossing of the North Branch of Oak 
Creek; and 5) upstream of S. Howell Avenue on the Mitchell Field Drainage Ditch. Under this alternative, residual flood damages amounting to 
$45.000 on an average annual basis would remain in the watershed. While this alternative war found to be technically feasible, i t  was found to 
have a benefit ma ratio of less than one. 

Source: SEWRPC. 
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COMBINATION MAJOR CHANNELIZATION, CHANNEL DEEPENING AND SHAPING, AND STRUCTURE 
FLOODPROOFING, ELEVATION, AND REMOVAL ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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A combination major channelization. channel deepening and shaping. and rtrunun, flo0dprobfing. elevation, and removal alternative flood control plan wss ore- 
oared 10 determine if such s measure would provide a tschnically feasible and sconomicallv round solution fo theflooddams9eproblemin the Oak Creek water- 
rhad. Under this alternative, major chanr+ deepening and enlargement w9uld be carried out along Oak Creek beginning at tht  Milwaukee Road riphtof-way and 
extending UDrtmam to S. 27th Street4 distance of 1.5 miler: and along the North Branch of Oak Creek beginning at a point 960feet downrtresmfrom the mn- 
fluence with Southland Creek and extending upstream to W. Ramsy Avenue-s dinan& of 4.9 miles. Minor deepening and shaping of the channel would te carried 
out alone Oak Creek between 5. Pennwlvania Avenue and E. P k t z  Road-a distanced 2.1 miler: along Osk Creek from a point aboul 0.5 mile downsream of 
S. Shepard Avenue to a w in t  a b u t  0.3 mils upntrsam of S. Shepard Avenue-a distance of a b u t  0.8 mile; and along the Mitchell Field Drainage Ditch from its 
mnfluenCd with Oak Creek upstream to E. Rawson Avenue. a disance of 0.8 mile. In addition. 19 bridges would be replaced. Thi* a l te r~ t i ve  also includes the 
flood~roofing of 19 rtructurer, the alevation of four $fructurss. and the removal of one structure. Rssidual damages amounting to $11.000 on anaverwe annual 
basis would remain in the watsrrhtd. While technically feasible, this alternativt war found to haw a benefitsort ratio of significantly less than one. 

Source: SEWRPC. 
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main stem and the North Branch of Oak Creek 
downstream of the proposed channel modifica- 
tions. In order to alleviate the residual structure 
damages which would be expected to remain, this 
alternative includes the floodproofiig of 19 build- 
ings, elevation of four buildings, and removal of 
one building. Remaining flood damages under this 
alternative would be limited to crop damages with 
an estimated average annual cost of $11,000. 

Utilizing an interest rate of 6 percent and an 
amortization period and project life of 50 years, 
the average annual cost of this alternative was 
estimated at $593,000, consisting of the amortiza- 
tion of the $8,965,000 capital cost of channel 
improvements and bridge replacements, and struc- 
ture floodproofing, elevation and removal, and 
$10,000 in annual operation and maintenance 
costs. These costs do not reflect the purchase price 
of land required for the proposed channel align- 
ment since most of the channel would lie within 
parkway lands or existing rights-of-way. The aver- 
age annual flood abatement benefit is estimated at 
$92,000, resulting in a benefit-cost ratio of 0.16. 

Thus, this combination of channel enlargement and 
structure floodproofing, elevation, and removal, 
while technically feasible, was found to have a 
benefit-cost ratio of substantially less than one. 
The monetary benefits assigned to this alternative 
do not include benefits derived from the provision 
of adequate outlets for the storm sewer outfalls 
located less than two feet above the channel 
bottom, or from the realignment of the channel in 
accordance with local development plans. 

Combination Major Channelization, 
Channel Deepening and Shaping, 
Centralized Storage, and Structure 
Floodproofing and Elevation Alternative 
A second flood control alternative was developed 
which combines several of the flood control 
elements described in previous alternatives. This 
flood control alternative is shown on Map 56, with 
the physical characteristics and estimated costs and 
benefits attendant to this alternative being set 
forth in Table 83. Under this alternative, major 
channel modifications would be made along Oak 
Creek from the Milwaukee Road railway crossing 
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I upstream to S. 27th Street, a distance of 1.5 miles; 
and along the North Branch of Oak Creek from 
about 960 feet downstream of the confluence of 
Southland Creek and extending upstream to 
W. Ramsey Avenue, a distance of 4.9 miles. These 
channels would be turf-lined and would have a 

I 
bottom width of 20 feet and side slopes of one on 
three. Channel deepening and shaping would also 
be required along: 1) Oak Creek between S. Penn- 

I 
sylvania Avenue and E. Puetz Road, a distance of 
2.1 miles; 2) Oak Creek from a point 0.5 mile 
downstream of S. Shepard Avenue to a point 0.3 
mile upstream of S. Shepard Avenue, a distance 

I of 0.8 mile; and 3) the Mitchell Field Drainage 
I Ditch from its confluence with Oak Creek up- 

stream to E. Rawson Avenue, a distance of 0.8 

I 
mile. In these reaches the streambed would be 
lowered an average of three feet. 

In addition to the above channel improvements, 
five centralized, or on-stream, detention basins 

I would be constructed at the following locations: 
1) upstream of S. Howell Avenue on Oak Creek; 
2) upstream of S. 27th Street on Oak Creek; 

3) upstream of S. 31st Street on Oak Creek; 
4) upstream of the first S. 6th Street crossing of 
the North Branch of Oak Creek; and 5) upstream 
of S. Howell Avenue on the Mitchell Field Drain- 
age Ditch. 

This alternative plan includes the replacement of 
five bridges on Oak Creek and five bridges on the 
North Branch of Oak Creek, as listed in Table 84. 
Since the installation of the detention basins would 
result in lower peak flood discharges, fewer bridge 
replacements are required under this alternative 
than under the "combination" alternative dis- 
cussed above. Of the 10  bridges to be replaced, five 
are designated for reconstruction for highway 
capacity purposes and therefore were not consid- 
ered in the cost analysis for this alternative. 

Residual structure damages in the watershed would 
be alleviated under this alternative by the flood- 
proofing of 16 buildings and the elevation of two 
buildings. Remaining flood damages under this 
alternative would be limited to crop damages with 
an estimated average annual cost of $5,000. 



Utilizing an interest rate of 6 percent and an 
amortization period and project life of 50 years, 
the average annual cost of this alternative was 
estimated at $403,000, consisting of the amortiza- 
tion of the $6,122,000 land costs of the detention 
basins and capital cost of channel improvements, 
bridge replacements, and detention basins, and of 
structure floodproofing, elevation, and removal, 
and $28,000 in annual operation and maintenance 
costs. These costs do not reflect the purchase 
price of land required for the proposed channel 
alignment since most of the channel would lie 
within parkway lands or existing drainage rights-of- 
way. The average annual flood abatement benefit is 
estimated at $98,000, resulting in a benefit-cost 
ratio of 0.24. Thus, this combination of channel 
enlargement, centralized detention, and structure 
floodproofing, elevation, and removal, while tech- 
nically feasible, was found to  have a benefit-cost 
ratio of substantially less than one. The monetary 
benefits assigned to this alternative do not include 
benefits derived from the provision of adequate 
outlets for the storm sewer outfalls located less 
than two feet above the channel bottom, or from 
the realignment of the channel in accordance with 
local development plans. 

iation Minimun 

Elevation. and Removal ~lternative 
A flood control alternative was developed for 
the watershed which incorporates the minimum 
amount of channel modifications required to 
provide an adequate outlet for the existing storm 
sewer outfalls. This alternative would allow for the 
implementation of local neighborhood and indus- 
trial park development plans. This alternative is 
shown on Map 57, with the physical characteristics 
and estimated costs and benefits being set forth in 
Table 83. Under this alternative, channel deepening 
and shaping would occur along 1) Oak Creek 
between S. Pennsylvania Avenue and E. Puetz 
Road, a distance of 2.1 miles; 2) Oak Creek from a 
point 0.5 mile downstream of S. Shepard Avenue 
to a point about 0.3 mile upstream of S. Shepard 
Avenue, a distance of 0.8 mile; and the Mitchell 
Field Drainage Ditch from its confluence with Oak 
Creek to  E. Rawson Avenue, a distance of 0.8 mile. 
Further channel modifications made along Oak 
Creek and the North Branch of Oak Creek would 
be designed to  contain flood discharges up to and 
including a 10-year recurrence interval event, as 
opposed to a 100-year recurrence interval event 
which was used under the other alternatives. Major 
channelization would be made along Oak Creek 

from the Milwaukee Road railway crossing south 
of W. Ryan Road upstream to S. 27th Street, a 
distance of 1.5 miles. The proposed channel would 
be turf-lined with a bottom width of 10  feet and 
one on three side slopes. Major channel modifica- 
tions would also be made along two reaches on 
the North Branch of Oak Creek: 1 )  from a point 
960 feet downstream of W. Puetz Road upstream 
to W. Rawson Avenue, a distance of 2.8 miles; and 
2) from the sheet pile spillway located west of the 
United Parcel Service distribution center upstream 
to W. Ramsey Avenue, a distance of 1.4 miles. The 
proposed channel would also be turf-lined, with 
a bottom width of 10 feet and one on three 
side slopes. 

Because of the loss of floodwater storage under 
this alternative, stage increases in the 100-year 
recurrence interval flood of 0.1 to 0.7 foot along 
the main stem of Oak Creek and of 0.1 to 1.0 foot 
along the North Branch of Oak Creek may be 
expected. Therefore, under State law flood ease- 
ments would be required along the main stem of 
Oak Creek and along the North Branch of Oak 
Creek downstream from the proposed channel 
modifications. 

This alternative plan includes the replacement of 
five bridges on Oak Creek and six bridges on the 
North Branch of Oak Creek, as listed in Table 84. 
Of these 11 bridges, five are designated for recon- 
struction for highway capacity purposes and there- 
fore were not considered in the cost analysis for 
this alternative. 

Under this alternative, residual structure damages 
which would be expected to remain would be 
alleviated by the floodproofing of 21 buildings, 
elevation of four buildings, and removal of one 
building. Remaining flood damages would thus be 
limited to crop damages having an estimated aver- 
age annual cost of $10,000. 

Utilizing an interest rate of 6 percent and an 
amortization period and project life of 50 years, 
the average annual cost of this alternative was 
estimated at $327,000, consisting of the amortiza- 
tion of the $5,047,000 capital cost of channel 
improvements, bridge replacements, and structure 
floodproofing, elevation, and removal, and $9,000 
in annual operation and maintenance costs. These 
costs do not reflect the purchase price of lands 
required for the proposed channel alignment since 
most of the channel would lie within parkway 
lands or existing drainage rights-of-way. The aver- 



age annual flood abatement benefit is estimated at 
$93,000, resulting in a benefit-cost ratio of 0.28. 
Therefore, this combination of channel enlarge- 
ment and structure floodproofing, elevation, and 
removal, while technically feasible, was found to 
have a benefit-cost ratio of substantially less than 
one. The monetary benefits assigned to this alterna- 
tive do not include benefits derived from the pro- 
vision of adequate outlets for the storm sewer 
outfalls located less than two feet above the chan- 
nel bottom, or from the realignment of the channel 
in accordance with local development plans. 

Combination Channel Dee~enint? .., 
and Shaping, and Structure Floodproofing, 
Elevation, and Removal Alternative 
An alternative flood control plan consisting of 
limited channel deepening and shaping and struc- 
ture floodproofing, elevation, and removal was 
prepared and evaluated for the watershed. This 
plan is shown in graphic form on Map 58. The 
physical characteristics and estimated costs and 
benefits attendant to this alternative are summa- 
rized in Table 83. Under this plan, channel deepen- 
ing and shaping would occur along Oak Creek from 
River Mile 10.30 upstream to S. 27th Street, a 
distance of 1.4 miles. Within this reach, the stream- 
bed would be lowered an average of three feet in 
order to provide an adequate outlet for existing 
storm sewer outfalls, and also to eliminate the 
negative channel slope between IH 94 and S. 20th 
Street. Between River Mile 10.30 and IH 94, the 
channel would have a bottom width of 10 feet 
with side slopes of one on three, similar to the 
existing side slopes in this reach. Between IH 94 
and S. 27th Street, the channel would have a 
bottom width of 10 feet with side slopes of one on 
three in order to facilitate maintenance of the 
channel through the industrial park. Overland 
flooding may still be expected to occur during 
major runoff events along this reach of channel 
deepening. Flows associated with minor runoff 
events having recurrence intervals of two years or 
less would, however, be confined to the channel 
for most of the reach through the planned indus- 
trial park between IH 94 and S. 27th Street. 

Channel deepening and shaping would also be 
required along the North Branch of Oak Creek 
starting at the steel sheet pile spillway located west 
of the United Parcel Service distribution center and 
extending upstream to S. 13th Street, a distance of 
1.0 mile. Within this reach, the streambed would 
be lowered an average of three feet in order to 
provide an outlet for a storm sewer outfall which is 

currently below the streambed. The proposed 
channel would have a bottom width of 10 feet 
with side slopes of one on two to one on five, 
similar to the existing side slopes in this reach. 
Overland flooding would still be expected to occur 
through this reach during major runoff events. 
More frequent events having recurrence intervals of 
two years or less would, however, be confined to 
the channel for that reach beginning at the north 
end of the MATC-South Campus, and extending 
upstream to S. 13th Street. 

Under this alternative plan, two bridges on the 
North Branch of Oak Creek would be replaced as 
listed in Table 84. One of these bridges is desig- 
nated for reconstruction for highway capacity 
purposes and therefore was not considered in the 
cost analysis for this alternative. 

Under this alternative, structure damages would be 
alleviated by the floodproofing of 21 buildings, 
elevation of six buildings, and removal of two 
buildings. Remaining flood damages would be 
limited to crop damages having an estimated 
average annual cost of $25,000. 

Utilizing an interest rate of 6 percent and an 
amortization period and project life of 50 years, 
the average annual cost of this alternative was 
estimated at $65,000, consisting of the amortiza- 
tion of the $1,009,000 capital cost of channel 
modification, bridge replacement, and structure 
floodproofing, elevation, and removal, and $1,000 
in annual operation and maintenance costs for 
the Oak Creek channel through the proposed 
industrial park between IH 94 and S. 27th Street 
and for the North Branch channel between College 
Avenue and S. 13th Street-this reach currently 
being maintained by the City of Milwaukee. The 
average annual flood abatement benefits are 
estimated at $78,000, resulting in a benefit-cost 
ratio of 1.20. Therefore, this alternative was 
found to be technically feasible and to have a 
benefit-cost ratio of greater than one. The mone- 
tary benefits assigned to this alternative do not 
include benefits derived from the provision of an 
outlet for the storm sewer outfall located below 
the channel bottom. 

As part of this flood control alternative, three 
subalternatives were considered for providing an 
adequate outlet for the storm sewer with its 
outfall located below the existing channel invert: 
1)  raising the storm sewer so that the outfall 
from this sewer matches the existing channel 
invert; 2) construction of a new storm sewer 
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parallel to the North Branch of Oak Creek channel 
which would convey the flow from the restricted 
sewer to a point downstream where an adequate 
outlet can be achieved; and 3) provision of a 
pumping station at the outlet of the sewer. 

The sewer elevation subalternative would require 
raising the storm sewer which enters the North 
Branch of Oak Creek at S. 13th Street a minimum 
of 3.6 feet. The storm sewer is constructed at the 
minimum required depth of cover and, therefore, 
elevation of this storm sewer would not be practi- 
cal. If the elevation of this sewer could be achieved, 
the cost entailed would be about $120,000. 
Besides being impractical, this subalternative would 
not alleviate the poor drainage conditions which 
exist in the North Branch of Oak Creek between 
W. College Avenue and the private bridge located 
at River Mile 4.67. These drainage conditions 
occur under periods of low flow and are caused by 
the negative channel slopes in this stream reach. 
Because of these problems, this subalternative was 
not considered further. 
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The parallel storm sewer subalternative which was 
analyzed under this alternative provides for the lay- 
ing of approximately 0.8 mile of 54-inchdiameter 
pipe along the east side of the North Branch of the 
Oak Creek channel between S. 13th Street and the 
private bridge at River Mile 4.35. This intercepting 
sewer is shown in Figure 58. This sewer would have 
sufficient capacity to accommodate runoff from 
rainfall events having recurrence intervals of up to 
and including five years. The cost of providing the 
intercepting sewer is estimated at $410,000. This 
subalternative would not alleviate the problem of 
poor drainage in the stream channel because of the 
negative slope in the channel. Because of the 
relatively high cost of this subalternative, and the 
fact that the channel would continue to have 
standing water under low-flow periods, the laying 
of the intercepting storm sewer was not consid- 
ered further. 

The final subalternative considered consists of the 
installation of a lift station at the outlet of the 
restricted storm sewer. The cost of installing this 
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A combination channel deepening and shaping and structure flaodprooflng, elevation, and removal alternative was prepared and evaluated 
to determine if such a measure would provide a technically feasible and economically sound solution to the flood damage problem in the 
Oak Creek watershed. Under this alternative, minor channel deepening and shaping would be carried out along Oak Creek between River 
Mile 10.30 and S. 27th Street--a distance of 1.4 miles: and along the North Branch of Oak Creek between the steel sheet pile spillway located 
west of the United Parel Service distribution center and S. 13th Street--. distance of 1.0 mile. Two bridges would be replaced under this 
alternative. In  addition, this alternative includes the floodproofing of 21 structures, the elevation of six otructurer, and the removal of two 
structures. Residual flood damages amounting to $25,000 on an average annual basis would remain in the watershed. This alternative was found 
to be technically feasible and to have a benefitcost ratio of greater than one. 

Source: SEWRPC. 
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lift station is estimated at $350,000, with annual 
operation and maintenance costs estimated at 
$2,500. This subalternative would not alleviate 
poor drainage conditions in the channel reach 
described above. Because of the relatively high 
cost of this subalternative, as well as the fact that 
poor drainage conditions would remain in the 
channel reach described above, the installation of a 
lift station was not considered further. 

Concluding Statement 
Five different structural floodland management 
alternatives-three channel modification Gtema- 
tives, one decentralized detention storage alter- 
native, and one centralized detention storage 
alternative--and one nonstructural measure-struc- 
ture floodproofing, elevation, and removal--were 
examined as possible solutions to the flood prob- 
lems of the Oak Creek watershed. Four additional 
alternatives which combine several of the above 
measures were also considered: a combination of 
major channelization, channel deepening and 
shaping, and structure floodproofing, elevation, 
and removal; a combination of major channeliza- 
tion, channel deepening and shaping, centralized 
detention storage, and structure floodproofing and 
elevation; a combination of minimal channeliza- 
tion and structure floodproofing, elevation, and 
removal; and a combination of channel deepening 
and shaping, and structure floodproofing, eleva- 
tion, and removal. In addition, two alternatives 
which involve essentially no action were discussed. 
The flood damages attendant to the "no action" 
alternatives provide an important basis for analyses 
of the potential benefits associated with each of 
the other alternatives. 

The principal features of, and the costs and bene- 
fits associated with, each of the floodland manage- 
ment alternatives are summarized in Table 83, 
together with the nontechnical and noneconomic 
considerations likely to influence selection of the 
most desirable approach. Excluding the "no action" 

approach, all of the above alternatives were found 
to be technically feasible. However, only two 
alternatives were found to have benefit-cost ratios 
of greater than one: structure floodproofing, 
elevation, and removal; and the combination of 
channel deepening and shaping, and structure 
floodproofing, elevation, and removal. Of the 
remaining eight alternatives, six were found to have 
sufficient intangible benefits to be maintained as 
viable alternatives. Two alternatives-Major Chan- 
nelization Alternative 1 and Major Channelization 
Alternative 2-were eliminated from further con- 
sideration because the high costs of these alterna- 
tives far outweighed the benefits. 

Even though the structure floodproofing, eleva- 
tion, and removal alternative was found to be 
technically feasible and resulted in the highest 
benefit-cost ratio of the alternatives considered, it 
was rejected as the recommended plan for several 
reasons. Adoption and implementation of this 
alternative would not provide adequate outlets for 
the 21 storm sewer outfalls which enter the stream 
channel with invert elevations less than two feet 
above the channel bottom, thus constraining the 
hydraulic capaeity of the tributary sewers. More 
importantly, this alternative would not provide an 
outlet for the storm sewer outfall which currently 
enters the stream system below the channel invert. 
This alternative also would not provide for the 
realignment of certain channel reaches in accor- 
dance with locally committed development plans. 
Since implementation of this alternative would be 
on an individual, voluntary basis, full implementa- 
tion may not occur and residual flood damages 
may remain. Also, overland flooding may be 
expected to continue to occur in certain areas, 
periodically closing some streets to automobile 
traffic as well as resulting in yard and street dam- 
ages and cleanup costs. Finally, some flood- 
proofing measures may be applied by property 
owners without adequate professional advice, 
thereby resulting in continued structure damage. 
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I 
Also eliminated from further consideration was the 
third major channelization alternative, as well 
as the alternative calling for a combination of 
major channelization, channel deepening and shap- 

I ing, and structure floodproofing, elevation, and 
removal, and the alternative calling for a combina- 
tion of major channelization, channel deepening 

I and shaping, centralized detention storage, and 
structure floodproofing and elevation. The desir- 
able intangible benefits of these alternatives-pro- 

I 
vision of adequate storm sewer outlets as well 
as a channel alignment which is consistent with 
locally committed development plans--can be 
achieved with other alternatives having more 

I favorable benefit-cost ratios-specifically, the com- 
bination minimal channelization and structure 
floodproofing, elevation, and removal alternative. 

I The decentralized detention storage alternative was 
eliminated from further consideration for several 

I reasons. In addition to having a benefit-cost ratio 
of significantly less than one, this alternative would 
not abate the flood problems associated with 
existing development conditions. Also, a stable, 
long-term commitment to a decentralized storage 1 policy by all of the local units of government in 
the watershed is uncertain. Furthermore, it is 

I unlikely that a decentralized storage policy could, 
as a practical matter, be applied to every increment 
of urban land development. Accordingly, flood 

I 
flows would probably continue to increase as 
urban development proceeds within the watershed 
under this alternative. 

Although the centralized detention storage alterna- 
tive has a benefit-cost ratio of close to one, this 
alternative would not provide an adequate outlet 
for the 22 storm sewer outfalls with invert eleva- 
tions less than two feet above the existing channel 
bottom, nor does it provide a channel alignment 
consistent with locally committed development 
plans. Also, this alternative would not abate all of 
the structure damages which may be expected to 
occur in the watershed under future development 
conditions. Accordingly, this alternative was also 
eliminated from further consideration. 

I Even though the combination minimal channeliza- 
tion and structure floodproofing, elevation, and 
removal alternative would provide the desired 
intangible benefits as well as eliminate structure I flood damages in the watershed, the high cost of 
this alternative precluded its further consideration. 

After due consideration of the various technical 
and economic features and intangible aspects of 
the alternative floodland management measures, 
the Advisory Committee recommended that the 
alternative calling for a combination of channel 
deepening and shaping and structure floodproof- 
ing, elevation, and removal be adopted to resolve 
existing and future flood problems in the Oak 
Creek watershed. This alternative is recommended 
for several reasons. First, this alternative has a 
benefit-cost ratio of greater than one. Second, 
structure flood damages in the watershed would be 
eliminated. Third, this alternative would provide an 
outlet for the storm sewer outfall which currently 
enters the stream system below the channel invert. 
In making its decision to  recommend this alterna- 
tive, the Committee recognized that it would not 
provide as adequate an outlet for existing storm 
sewer outfalls which are located at elevations less 
than two feet above the channel bottom as would 
certain other alternatives; nor provide for the 
realignment of the channel in accordance with 
local development plans. Because this alternative 
would not provide a channel large enough to 
contain the 100-year recurrence interval flood 
flow, a total of 1 2  lots located within platted 
industrial and residential areas would continue to 
be located within the 100-year recurrence interval 
floodway and, therefore, be considered unsuitable 
for development. These lots include two in the 
planned industrial park located along Oak Creek 
downstream of S. 27th Street, three in the planned 
industrial park located along the North Branch of 
Oak Creek north of W. Drexel Avenue, and seven 
in the planned Willow Heights Subdivision located 
along the North Branch of Oak Creek, south of W. 
Drexel Avenue. The market value of these lots in 
1985 was estimated at $110,000. Channel improve- 
ments to protect these lots would cost $5,941,000. 

Since the recommended flood control alternative 
does not include significant channel modifications 
within the watershed, some concern was expressed 
by representatives of the City of Oak Creek that 
development would be hampered in those areas 
which are poorly drained. Current plans by the 
City of Oak Creek Engineering Department envi- 
sion the construction of drainage systems that 
would discharge to a lowered channel network. In 
response to this matter, the Advisory Committee 
recommended that the watershed plan include the 
conduct of stormwater management studies. These 
studies would determine existing and possible 
future drainage problems on a subwatershed basis. 



The studies would then investigate options to 
alleviating these problems, including the use of 
low-head conduits for drainage systems, the imple- 
mentation of onsite storage practices, and, only if 
absolutely essential, further modifications to 
receiving streams. 

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. In order to 
identify flood-prone reaches of the watershed, 
bridges that may cause or aggravate existing flood 
problems must be identified. The purpose of this 
section is to identify those bridges and culverts 
that may be expected to interfere with the opera- 
tion of the highway and railroad transportation 
systems during major flood events by virtue of 
inadequate hydraulic capacity and overtopping of 
the approach roads or of the structure. 

The watershed development objectives and sup- 
porting principles and standards set forth in 
Chapter 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. Land access and collector streets, used or 
intended to be used primarily for access to 
abutting propertiesa 1 0-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 railways- 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 land access collector street, 
arterial street and highway, or freeway or express- 
way-is recommended 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. 

The existing bridges and culverts in the watershed 
that have substandard capacity during major flood 
events were identified using the information con- 
tained within the hydrologic-hydraulic summary 
tables set forth in Appendices D, E, and F in 
combination with the bridge standards. As set 
forth in Table 85, 1 8  bridges and culverts may be 
expected to have substandard hydraulic character- 
istics under plan year 2000 land use and existing 
channel conditions. 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, eight are located on land 
access and collector streets where the 10-year 
recurrence interval standard is applicable, and 
10 are located on arterial streets and highways 
other than freeways and expressways where the 
50-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 
requiring all new or replacement bridges and 
culverts to be designed to  accommodate the 
100-year recurrence interval peak flood discharge 
under plan year 2000 land use conditions without 
raising the corresponding peak flood stage by more 
than 0.1 foot above the peak stage established in 
the adopted comprehensive watershed plan. This 
provision is intended to ensure that new, modi- 
fied, or replacement river crossings, including 
their approaches, will not aggravate existing flood 
problems, create new flood hazards, or unneces- 
sarily complicate the administration of flood- 
land regulations. 



Table 85 

STREAM CROSSINGS I N  THE OAK CREEK WATERSHED HAVING SUBSTANDARD HYDRAULIC CAPACITIES 

a ~ h i s  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. 

b6ridges and culverts are identified by structure number and are located on Map 31, Chapter V. 

Source: SE WRPC. 
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X 
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Of the 12  nonstructural floodland management 
measures set forth in Table 80 and discussed earlier 
in this chapter, two have been considered as speci- 
fic alternatives for the abatement of flood damages 
in the Oak Creek watershed. An additional three 
are particularly effective for minimizing the aggra- 
vation of existing problems and for preventing the 
development of future flood hazards. The seven 
remaining nonstmctural measures, when used in 
combination, have the potential to prevent the 
aggravation of existing flood problems, minimize 
the development of future flood hazards, and help 
alleviate the monetary flood losses incurred by 
owners of flood-prone property, and may substan- 

Number 
b 

225 
230 
240 
250 
260 
285 
300 
345 

405 
41 0 
425 
430 

51 0 

620 
625 
640 

705 

820 

tially reduce the threat to life and health of resi- 
dents of flood-prone areas. The following section 
describes the recommended application of the 
three primary nonstmctural floodland management 
measures-reservation of open floodlands for 
recreational and related open space uses, floodland 
use regulation, and channel maintenance--and of 
the seven secondary measures. 

Primary Measures 
Reservation of Floodlands for Recreation and 
Related Open Space Uses: The land use plan 
element of the watershed plan recommends, as 
described in Chapter XI, the preservation in 
essentially natural open uses of 1.6 square miles 
of primary environmental corridor in the Oak 
Creek watershed. These corridor lands follow the 

Structure ldentificationa 

Name 

E. Forest Hi l l  Avenue. . 
E. Puetz Road. . . . . . 
S. Nicholson Road . . . 
S. Shepard Avenue . . . 
W. Ryan Road. . . . . . 
S. 13th Street . . . . . . 
S. 20th Street . . . . . . 
W. Puetz Road. . . . . . 

W. Puetz Road. . . . . . 
Wildwood Drive. . . . . 
S. 6th Street. . . . . . . 
W. Marquette Avenue. . 

E. College Avenue. . . . 

S. 26th Street . . . . . . 
W. Grays Lane. . . . . . 
S. 27th Street . . . . . . 

W. Puetz Road. . . . . . 

Maple Crest Drive. . . . 

River 
Mile 

6.25 
6.83 
7.44 
8.41 

10.06 
10.69 
11.24 
13.79 

0.92 
2.00 
2.41 
3.04 

1.83 

1.57 
1.69 
1.77 

0.73 

0.30 

Civil Division 

City of Oak Creek 
City of Oak Creek 
City of Oak Creek 
City of Oak Creek 
City of Oak Creek 
City of Oak Creek 
City of Oak Creek 
City of Franklin 

City of Oak Creek 
City of Oak Creek 
City of Oak Creek 
City of Oak Creek 

Cities of Milwaukee 
and Oak Creek 

City of Oak Creek 
City of Oak Creek 
Cities of Franklin 
and Oak Creek 

City of Oak Creek 

City of Franklin 



alignment of Oak Creek and encompass most of 
the floodlands along the main stem. In addition, 
the land use plan recommends the preservation of 
about one square mile of secondary environmental 
corridor. These corridor lands generally follow 
the alignment of the upper reaches of Oak Creek, 
the North Branch of Oak Creek, the Mitchell 
Field Drainage Ditch, and Southland Creek. 
Maintenance of existing public or private outdoor 
recreation and related open space lands and reser- 
vation-by public or private ownership, or by 
easement--of additional lands for these purposes 
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  minimize 
the aggravation of existing flood problems and 
the development of new flood problems in the 
watershed. 

The Wisconsin Floodplain Management Program : 
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 Cities of 
Cudahy and Greenfield contain existing or poten- 
tial flood hazard areas. All of these communities 
have adopted floodland or floodland-related regula- 
tions such as wetland, conservancy, or floodplain 
zoning to protect the floodlands of the watershed 
from further encroachment by flood-prone rural 
and urban land uses. All of these zoning ordinances 
have been approved by the Wisconsin Department 
of Natural Resources. It  is recommended that the 
required floodland and floodland-related land use 
regulations be designed not only to accommodate 
existing development, but to preserve the flood- 
water conveyance and storage capacity of the 
floodlands in order to conserve the floodwater 
storage and conveyance capacity of the existing 
floodlands, abate future flood hazards and mone- 
tary flood damages, reduce the hazard t o  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. This 
would require the regulation of 0.8 square mile of 
land designated for open space uses in the land use 
plan, as well as of the designated primary envi- 
ronmental corridors. Floodways should not be 

delineated, and the entire floodplains should be 
preserved in essentially natural, open uses. Only 
where existing or committed development 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 integrity 
of the flood stage profiles developed under the 
watershed planning program; 2) maintain the 
channel invert below the invert of existing and 
planned stormwater outfalls to allow such outfalls 
to function properly; and 3) reduce the probability 
that buoyant objects and debris will be carried 
downstream by floodwaters and accumulate at 
bridges and culvert inlets, thereby reducing the 
conveyance capacity of the bridges and culverts. 
I t  is recommended that the operations of the 
responsible governmental units and agencies be 
designed to include the conduct of such chan- 
nel maintenance. 

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 Program also provides a way of reduc- 
ing monetary flood losses to the property owner. It  
is therefore in the best interest of the communities 
in the Oak Creek 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 regula- 
tions or other adopted measures intended to 
prevent or reduce flood damages. The community 
or unit of government must also submit assurances 



of future compliance with sound floodland man- 
agement practices, including resolutions indicating 
that flood problems will be continuously moni- 
tored 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 Cities of Milwaukee 
and Oak Creek. Both of these communities, as 
well as the other four communities in the water- 
shed, have elected to participate in the federal 
Flood Insurance Program. Insurance rate studies 
have been completed for all six communities in 
the watershed. 

Because of the availability of large-scale topo- I graphic mapping over the entire watershed, the 
analyses conducted under the Oak Creek watershed 

I planning program were more complete and detailed 

I 
than those conducted under federal flood insur- 
ance studies. Therefore, it is recommended that 
the hydrologic-hydraulic data generated under the 
watershed planning program be used to update and 1 amend the flood insurance studies as 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 determin- 
ing whether or not a property is in a flood-prone 
area and, if so, whether flood insurance needs to 
be purchased before a mortgage is granted for a 
structure on the property. It is recommended that 
lending institutions continue to determine the 
flood-prone status of properties prior to the grant- 
ing of a mortgage, irrespective of the requirements 
of the federal Flood Insurance Program, and that 
the principal source of flood hazard information 
within the Oak Creek watershed be that developed 
under the watershed planning program and avail- 
able through the Regional Planning Commission. 

Realtor Policies: An executive order by the Gov- 
ernor 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, water mains, 
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 develop- 
ment. It is recommended that the policies of gov- 
ernmental units and agencies having responsibility 
for such utilities and facilities within the Oak 
Creek watershed be formulated such that the size, 
location, and use of those utilities and facilities is 
consistent with the flood-prone status of riverine 
areas. More particularly, it is recommended that 
these utility and facility policies be designed to 
complement the floodland regulation recommenda- 
tions for the Oak Creek watershed. 

Land Use Controls Outside the Floodlands: As 
described in Chapter XI, about 11 square miles of 
open lands throughout the watershed are proposed 
for urban development under the land use plan. In 
preparing plans for the development of these areas 
and for the redevelopment of local areas, it is 
recommended 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 set forth in 
the land use plan as described in Chapter XI. 
Development beyond that recommended in the 
land use plan has not been considered and, thus, 
onsite storage flood control measures would be 
needed to accommodate such development. 

Emergency Programs: An emergency program to 
minimize the damage and disruption associated 
with flooding normally consists-of a variety of 
measures that are tailored to the flood hazard 
characteristics of individual communities. It  is 
particularly pertinent to note that historic data and 
simulation results indicate that the urban portions 
of the Oak Creek watershed are hydrologically and 
hydraulically "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 floodwaters 
and the occurrence of peak stages. It therefore 
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 Oak 
Creek 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 in each watershed community 
where major flooding occurs, procedures be 
devsloped to provide floodland residents and other 
property owners with information about the 
location and extent of the flood hazard areas so 
that residents can take appropriate flood damage 
mitigation measures. 

Community Education Programs: Public awareness 
of the possible effects on flood flows and stages of 
such actions as dumping of debris in a stream 
channel, localized channelization, and removal of 
obstructions to flow may serve to prevent an 
increase in flooding problems. It  is recommended 
that residents of the Oak Creek watershed be 
informed of the existence of this comprehensive 
watershed plan through the news media. Public 
reaction to the plan should be solicited through 
a public hearing on the plan. 

ACCESSORY FLOODLAND 
MANAGEMENT CONSIDERATIONS 

During the Oak Creek watershed planning program, 
several issues emerged which, although not pertain- 
ing to the floodland management alternatives set 
forth in this chapter, did relate to the hydrology 
and hydraulics of the Oak Creek watershed. These 
matters were considered during the watershed 
planning process, and the resulting conclusions and 
recommendations are described below. 

Maintenance of Stream Gaging Network 
Since 1963 the U. S. Geological Survey (USGS) has 
operated, in cooperation with the Regional Plan- 
ning Commission and the Milwaukee Metropolitan 
Sewerage District, a continuous stage recorder at 
the first 15th Avenue crossing of Oak Creek in the 
City of South Milwaukee. The USGS has also main- 
tained, in cooperation with the Wisconsin Depart- 
ment of Transportation, a crest stage and low-flow 
partial record gage at the S. Nicholson Road 
crossing of Oak Creek in the City of Oak Creek. In 
addition to these two streamflow monitoring sta- 
tions, a total of five crest stage gages are operated 
in the watershed by the Milwaukee Metropolitan 
Sewerage District, and a total of three staff gages 
are operated by the City of Milwaukee in the 
Milwaukee portion of the watershed. 

By monitoring river flows and stages at points stra- 
tegically located within the watershed, continuous- 
recording stream gaging stations, as well as partial 
record streamflow stations and crest stage stations, 
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 continuous-recording 
stream gaging stations and by partial record sta- 
tions, along with flood stage profiles from crest 
stage gages, can be used to periodically refine the 
hydrologic and hydraulic simulation submodels 
developed and used in the Oak Creek watershed 
study. Such stream gaging records are also useful in 
bridge and culvert design and in water quality man- 
agement planning. It  is accordingly recommended 
that the continuous recorder gage installed at the 
first 15th Avenue crossing of Oak Creek in the City 
of South Milwaukee continue to be operated. It  is 
also recommended that the partial record station 
operated by the U. S. Geological Survey at the 
S. Nicholson Road crossing of Oak Creek in the 
City of Oak Creek continue to be operated, and 
that the Milwaukee Metropolitan Sewerage District 
and the City of Milwaukee continue to maintain 
crest stage or staff gage networks. 

MAINTENANCE OF RECREATIONAL 
NAVIGATION AT MOUTH OF OAK CREEK 

The use of a recreational boat launching ramp 
located at the mouth of Oak Creek in Grant Park is 
periodically denied by the formation of a sandbar 
at the mouth of the creek between the ramp and 
Lake Michigan. A number of studies of the prob- 
lem with accompanying proposals for its resolution 
have been made and are summarized herein. These 
proposals were, for the most part, never imple- 
mented owing to perceived technical inadequacies, 
or to  lack of funding. As part of the Oak Creek 
watershed study, the Commission reviewed the 
earlier studies and developed a potential solution 
to the problem that is different from those pro- 
posed previously. Four variations of this solution 
are presented below. 

Description of the Study Area and Problem 
Oak Creek enters Lake Michigan at Grant Park, 
which is owned and maintained by the Milwaukee 
County Department of Parks, Recreation and 
Culture. A parking facility for the launching ramp 
and for a swimming beach is located on the north 
bank of Oak Creek only a few hundred feet from 
Lake Michigan. The site of the launch facility is 
shown on Map 59. 



THE MOUTH OF OAK CREEK AT LAKE MICHIGAN 

The "$3 of a recreational boat launching ramp at the mouth of Oak 
Creek is periodically hampered by the formation of a osndbar at the 
mouth of Oak Creek between the boat launch and Lake Michigan. 
This sandbar formation began after the mnstrunion of two rubble- 
mound jettieoat the mouth of Oak Creek in 1891. 
Source: Milwaukee County Department of Parks, 

Recreation and Culture. 

The north and south banks of Oak Creek were 
extended 600 and 300 feet, respectively, into Lake 
Michigan by the South Milwaukee Company in 
1891 by construction of rubble-mound jetties 200 
feet apart bounding a 12-foot-deep dredged chan- 
nel. The updrift shoreline reportedly reacted to 
this development by moving 125 feet lakeward at 
the site by 1894, with shoaling within the mouth 
of Oak Creek occurring ever since.'' Shoaling is so 
severe that boats frequently must be dragged across 
the bar between the launch facility and Lake 
Michigan. During low-flow periods, stagnant condi- 
tions have reportedly occurred in Oak Creek 
upstream of the sandbar, resulting in occasionally 
putrid water quality as well. Presently, about 5,000 
cubic yards per year are dredged from the site by 
Milwaukee County in an attempt to maintain 
recreational navigation. Because the sand grains 
have been rounded by wave action, the material 
has been found unsuitable for use in general 
construction and thus is of little value. 

County of Milwaukee, Interoffice Communica- 
tion, December 11, 1973. 

In 1956, the South Milwaukee Yacht Club con- 
structed a breakwater to protect the marina 
from the shoaliig occurring at the mouth of Oak 
creek.13 Shoaling was attributed not only to 
littoral drift, but also to wind-blown sand from the 
large beach located just north of the creek. Snow 
fencing and other structures were used to impede 
movement of wind-blown sand into the creek with 
limited success. In 1984, a windbreak was con- 
structed on the beach north of the creek in the 
form of a mound upon which shrubbery was 
planted. Although significant storage of sand was 
apparent on the north side of this structure, the 
shoaling problem at the mouth of Oak Creek 
remained severe. 

Attempts to maintain a navigable channel by 
dredging have been made for many years, but with 
little success. The bar can form in a matter of 
hours during a Lake Michigan storm. On at least 
one occasion, a storm occurred on the day dredg- 
ing was completed and the sandbar reformed again 
within hours. 

Previous Studies 
A number of studies and associated proposals have - - 

been made concerning the shoaling problem at 
the mouth of Oak Creek. At least six separately 
conceived marina plans have been presented to 
Milwaukee County since 1941. l4 In 1967, a report 
prepared by a consultant retained by Milwaukee 
County recommended either a marginal navigability 
program or a minimum wave protection program.15 

Wind and wave records were analyzed to estimate 
net littoral drift. Net transport direction was found 
to be from north to south at a rate of about 
10,000 cubic yards per year in the littoral zone. 
Aeolian transport was estimated to be about 4,000 
cubic yards per year from the beach to the creek. 
Sediment transport from the Oak Creek watershed 
to the mouth was found to contribute little to the 
shoaliig problem. 

l3  Milwaukee Sentinel, July 28, 1964. 

l 4  Milwaukee County, Interoffice Communication, 
"Grant Park Boat Launching Facility," Septem- 
ber 27, 1972. 

j5 Dames and Moore, "Report of Inuestigation, 
Sedimentation and Navigability of Oak Creek, 
Grant Park, South Milwaukee, Wisconsin, " for the 
Milwaukee County Park Commission, 1967. 



The proposed marginal navigability program 
included grouting the north jetty to block sand 
movement and dredging, with spoils to  be trans- 
ported by slurry pipeline to the beach south of the 
creek. A windbreak composed of shrubbery was 
also recommended to impede aeolian transport. 
The proposed minimum wave protection program 
included an off-shore breakwater at  a cost of about 
$284,000, with an estimated annual maintenance 
cost of $8,000. 

In 1972, Milwaukee County staff proposed con- 
struction of a breakwater connected to an exten- 
sion of the north jetty, the orientation thereof 
being from northwest to  southeast. l 6  The staff 
also proposed that a lagoon be dredged on the west 
side of the Grant Park beach north of the creek in 
which a marina would be constructed. In 1973, 
county staff proposed additional solutions to  
the problem.17 One involved diverting Oak Creek 
through the South Milwaukee Yacht Club, with 
boats launched at the county ramp traveling 
through the Yacht Club to and from the lake. 
Another proposed closing the opening in the Yacht 
Club breakwater and creating another adjacent to 
the creek. A short breakwater connected near this 
opening would protect it from waves and also 
provide some protection to  the launch area. 
Another suggestion was abandoning the launch 
ramp and letting the creek seek its natural course 
to the lake. 

In 1981, Milwaukee County retained a consultant 
to determine the feasibility of extending the jetty 
on the north side of Oak Creek to trap sediment.18 
The study determined that sand accretion on the 
beach north of the creek is occurring at a rate of 
about 5,000 cubic yards per year, and confirmed 
earlier estimates of net littoral drift at the site of 
about 10,000 cubic yards per year to  the south. 
Three segmented serial extensions of the north 
jetty were evaluated, each segment being 100 feet 

l6  Milwaukee County Interoffice Communication, 
"Grant Park Boat Launching Facility," Septem- 
ber 27, 1972. 

l7  Milwaukee County, Interoffice Communication, 
December 11, 1 9  73. 

l8 Warzyn Engineering, Inc., "Analysis of  Groin 
Extension, Oak Creek Entrance to Lake Michigan, 
Grant Park, South Milwaukee, "report to Milwaukee 
County Department of Public Works, 1981, 13 pp. 

long. The sand storage life of each was estimated at 
six years with a total service life of 18  years, after 
which period sand accumulation in the creek 
would again commence unimpeded, Construction 
cost for the three-segment structure recommended 
in the report was $502,000. Segmented vegetative 
windbreaks were also recommended, as well as a 
comprehensive dredging analysis. 

Milwaukee County retained a consultant to further 
study the problem, the results of which are con- 
tained in a report prepared in October 1983.19 
The study concluded that most of the sandbar 
formation was attributable to aeolian transport 
from the beach just north of the creek, with 
littoral drift also contributing significantly to the 
problem. The ultimate source of the sand was 
reportedly severe erosion of the bluffs downdrift 
from the breakwaters at Milwaukee. A detailed 
off-shore bathymetric survey found that natural 
protective off-shore longitudinal bars had been 
eroded, and the study recommended replacement 
with artificial bars. Two approaches were pro- 
posed, one being placement of artificial weedbeds 
made of plastic streamers to absorb wave energy 
and, consequently, to decrease littoral drift past 
the mouth of Oak Creek. The cost of this option 
was estimated at $70,000. The second approach 
was placement of an artificial bar off shore made 
of reinforced concrete units of a specified geome- 
try. The cost of this option was estimated at 
$250,000. Control of wind-blown sand was pro- 
posed through placement of a vegetative windbreak. 
The launch area was proposed to be protected 
from waves through construction of an off-shore 
breakwater oriented from northeast to southwest. 
The cost of this structure was estimated in excess 
of $1 million. 

In 1985, Milwaukee County retained a consultant 
to evaluate the suitability of spoil materials from 
deep tunnel construction in ~ i l w a u k e e ~ '  for con- 

lg Edith M. McKee, "Geological Study, Lake 
Michigan at Mouth of Oak Creek in Grant Park, 
South Milwaukee, Wisconsin," prepared for the 
Milwaukee County Department o f  Parks, Recrea- 
tion and Culture, 1983, 13 pp. 

20 Warzyn Engineering, Inc., "Addendum to Analy- 
sis of Groin Extension, Oak Creek Entrance to 
Lake Michigan," letter report t o  Milwaukee County 
Department o f  Parks, Recreation and Culture, 
August 7, 1985. 



trol of the sandbar at the mouth of Oak Creek. The 
study found that the spoil was not suitable for 
groin construction or creation of a stable fill area. 

Navigation Channel Maintenance by Flushing 
None of the proposed remedies to the sandbar 
problem at the mouth of Oak Creek provide an 
ideal solution. Extension of jetties, construction of 
breakwaters, and creation of artificial longshore 
bars will all deprive downdrift beaches of sand. All 
may provide shorter to longer periods of relief to 
boaters using the launch ramp at Grant Park. 
However, all will ultimately fail unless extensive 
dredging is performed periodically. Presently, Mil- 
waukee County expends on the order of $35,000 
annually for dredging. Even if the annual cost 
was acceptable relative to costs associated with 
other altematives, dredging alone has been found 
unacceptable because of the unpredictable nature 
of shoaling which can occur at virtually any time. 
Thus, boaters find the launch facility undepend- 
able, and either launch elsewhere at some degree 
of inconvenience or decrease their boating on 
Lake Michigan. 

Because of the relatively high costs of the more 
dependable altematives proposed to maintain 
navigation at the Grant Park launch facility, and 
because these solutions were not permanent in 
nature, the Commission considered other solutions 
which might both prove economical and reliable. 
Any successful solution must complement natural 
forces at work in the coastal environment rather 
than attempt to resist these forces. Downdrift 
beaches should not be deprived of sand by new 
artificial structures at the mouth of Oak Creek. At 
the same time, however, the sandbar must be 
controlled to maintain access to Lake Michigan. 
The solution arrived at was basic: Combine the 
natural resources of Oak Creek with existing 
artificial structures which are already paid for, and 
with new structures and appurtenances more 
specifically designed to resolve the problem. 

Four alternatives similar in basic concept, but dif- 
ferent in detail, were developed and are described 
in the following sections. All involve flushing 
sand from the mouth of the creek using either the 
natural flow of the stream or temporarily stored 
flow to be subsequently released for this purpose. 
The dam on Oak Creek near Mill Road in South 
Milwaukee is the location of one of the temporary 
storage sites. The Oak Creek Parkway bridge at 
River Mile 0.35 is the location of another. The 
third site is the footbridge at River Mile 0.14. 

The locations of these sites are shown on Map 60. 
A fifth alternative was considered which involved 
pumping water through diffusers placed along the 
channel bottom in order to suspend the accumu- 
lated sand, the suspended sand to be then washed 
out into the lake by streamflow. 

Another alternative would involve abandoning the 
boat launch facility at Grant Park. A review of 
alternative public launch facilities in the vicinity 
of Grant Park revealed that the closest sites are at 
South Shore Park in the City of Milwaukee, about 
5.5 miles to the north of Oak Creek, and in the 
City of Racine, about 11.5 miles to the south of 
Oak Creek. Both of these facilities charge a fee for 
boat launching, whereas boat launching at the 
Grant Park facility is currently free. A third boat 
launch facility has been proposed for construction 
at Bender Park in the City of Oak Creek, about 
2.5 miles south of Oak Creek. This facility, how- 
ever, is part of a long-range plan for development 

Map 60 

LOCATIONS OF ALTERNATIVE IMPOUNDMENT 
SITES EVALUATED FOR NAVIGATION 

CHANNEL FLUSHING POTENTIAL 

Three alternatives were evaluated which involve storing water for 
use in flushing accumulated sand from the mouth of Oak Creek. 
These alternatives consist of: 1) storing water behind the existing 
Mill Road dam; 21 storing water behind a "dry" dam to be mn-  
nructed at the first Oak Creek Parkway bridge;and 3) storing water 
behind a "dry" dam to  be constructed at the footbridge located 
near the mouth of Oak Creek. 

Source: SEWRPC. 



of this park, and therefore does not present an 
immediate alternative to the Grant Park site. Since 
the Grant Park facility has proven to be popular 
with boaters when access to Lake Michigan has 
been readily available, and since it is the only boat 
launch facility in the immediate area, the Advisory 
Committee felt that abandoning this site would be 
publicly unacceptable. Therefore, abandonment of 
the Grant Park boat launch was dropped from 
further consideration. 

Navigation Channel Geomew: Four feet is the 
approximate maximum depth of the Oak Creek 
lagoon at the Grant Park launch facility because of 
the presence of the water intake from Lake Michi- 
gan serving South Milwaukee. Four feet, therefore, 
was set as the design depth of any proposed naviga- 
tion channel to Lake Michigan. Channel width 
was determined in part by the potential flushing 
ability of Oak Creek. A minimum width of 20 feet 
would allow passage of one boat at a time under 
most conditions, and two-way traffic would be 
possible under ideal conditions. To maintain a 
constant channel width, the existing jetty on the 
north side of the Creek would serve as one channel 
boundary, and a new parallel bulkhead would be 
installed 20 feet away to prevent sand from sliding 
into the channel from the south. The west end of 
the bulkhead would be connected to the break- 
water on the south side of the channel to prevent 
sand encroachment from the lake and to force 
sandbar flushing flows through the navigation 
channel, as shown in Figure 59. 

Once the width of the channel is fixed, the depth 
will be determined by the velocity of the flow 
from Oak Creek and by the scour potential of the 
sandbar. The allowable velocity for design of a 
sand channel as determined by the U. S. Soil 
Conservation Service is that at which bottom 
particle motion is initiated. The velocity is depen- 
dent upon particle size, suspended sediment con- 
centration, water depth, and channel alignment 
and bank slope. The allowable, or scour, velocities 
for the sands at the mouth of Oak Creek range 
from 2.0 to 2.6 feet per second (fps) for fine to 
coarse grain sizes in sediment laden flow. A design 
value of 2.6 fps was selected assuming that coarser 
sands are predominant. The corresponding design 
flow to scour a 20-foot-wide channel to an average 
depth of four feet is about 210 cubic feet per 
second (cfs). For a 25-foot width, the design flow 
would be 260 cfs, and for a 30-foot channel, 
310 cfs. Thus, flow of these approximate magni- 
tudes for given channel widths should be provided 

Figure 59 

PROPOSED NAVIGATION CHANNEL PLAN VIEW 

Source: SEWRPC. 

and then maintained for sufficient duration to 
scour the navigation channel to the desired depth 
of four feet. 

The minimum elevation of the top of the bulkhead 
should be based on a design water level for Lake 
Michigan representative of boating season condi- 
tions to ensure that all flow released from the dam 
passes through the navigation channel. The maxi- 
mum elevation should not be high enough to cause 
significant backwater upstream during major run- 
off events, nor so high as to force too much flow 
through the navigation channel, which could cause 
inordinate scour that could undermine the struc- 
tures adjacent to the channel. 

The design and construction of a 500-foot steel 
sheet pile bulkhead for the navigation channel for 
piles 15 feet long would cost about $140,000. 

Flushing of Navigation Channel by Natural Flow of 
Oak Creek: An evaluation was made of the poten- 
tial of storm runoff from the watershed to scour 
the sandbar at the mouth of Oak Creek. Only the 
very large runoff events which occur less than once 
a year have been observed to cause large-scale scour 
of the bar. The depth of the scour has not been 
measured and in some cases has obviously been 



much less than the desired navigation depth of four 
feet. This is because the existing channel width is 
about 200 feet, which prohibits development of 
velocities large enough to scour sand to an average 
depth of four feet. 

Natural storm runoff from the watershed could 
scour the channel to a navigable depth if the 
channel width were reduced. Utilizing a minimum 
width of 20 feet for one-way small boat navigation, 
an analysis of streamflow records collected by 
the U. S. Geological Survey on Oak Creek at 15th 
Avenue in South Milwaukee from 1963 to 1983 
indicated that an average of five runoff events each 
year are of sufficient magnitude to scour the bar to 
a navigable depth. However, there were two years 
during this period when only one such event 
occurred, and three years when 10 occurred. 
Therefore, some natural assistance exists but can- 
not be depended upon to occur when needed, and 
may occur when .not needed. Consequently, flush- 
ing of the navigation channel by natural flow from 
Oak Creek, although helpful, may not provide a 
satisfactory solution to the problem. This alterna- 
tive appears to be the most compatible with the 
recreational, biological, and water quality use 
objectives contained in this plan. 

i This alternative would entail only the cost of 
the construction of the navigation bulkhead, 
which, as noted in the previous section, would 1 total $140.000. 

Navigation Channel Flushing with Contents of Mill 
1 Road Dam Pool: A means must be developed to 
! scour the navigation channel at will subsequent to 

bar formationby s tom waves and by wind-blown 
sand. Using the water in the pool behind the Mill 

/ Road dam on Oak Creek in South Milwaukee to 
flush the sandbar into the lake was investigated as 
a possible means of providing immediate relief 
following each storm event forming a sandbar. 

The dam at Mill Road (Figure 60) has a simple 
uncontrolled spillway and a 36-inch-diameter drain I pipe used occasionally to drain the pool for m.nte- 
nance purposes. The drain pipe is controlled by a 
manually operated sluice gate which is about 60 
feet from the pipe inlet and about 70 feet from the 
outlet, which is at the upstream side of the Mill 
Road bridge and at the south end. Potentially, the 
sluice gate could be opened when the pool was full I and the outrushing waters would scour a navigable 
channel at the mouth of the creek, provided the 

I 
channel width were limited to 20 feet, and pro- 

Figure 60 

THE MILL ROAD DAM AT SOUTH MILWAUKEE 

Source: SEWRPC. 

vided the dam outlet flow rate was not attenuated 
too much by channel storage between the dam and 
the mouth. 

The maximum flow capacity of the drain pipe 
when the pool is at normal elevation was computed 
to be about 135 cfs, which appears to be inade- 
quate to maintain a four-foot-deep navigation 
channel at the mouth of Oak Creek. A depth of 
about only two and one-half feet might be pro- 
vided with a flow of 135 cfs. Therefore, to use the 
dam to flush the sandbar, additional outlet flow 
capacity may be necessary. If another 36-inch 
drain pipe were installed at the dam, the maximum 
outlet flow capacity would be about 270 cfs. 

To more fully evaluate the effects of flushing using 
a dual-pipe outlet, the Hydrological Simulation 
Program-FORTRAN (HSPF), utilized to simulate 
the flows used for computation of flood profiles in 
the watershed, was modified and used to perform a 
detailed simulation of the reach between the dam 
and the mouth of the creek. The pool outlet 
hydrograph was simulated assuming instantaneous 
and simultaneous opening of sluice gates for two 
drain pipes. HSPF was then used to route the 
hydrograph through nine contiguous channel 
segments to the lake. The Oak Creek inflow to the 
pool was also included as part of the simulation for 
inflows ranging from 1.2 to 91  cfs. The simulation 
modeling indicated that the inflows have no 
significant effects upon the routed hydrograph 
at the mouth. 

Figure 61  compares the simulated dam outlet 
hydrograph with the routed hydrograph at the 
mouth. The peak discharge decreased through the 
reach from 279 to 239 cfs, or 14  percent. The flow 



Figure 61 

COMPARISON OF SIMULATED HYDROGRAPHS AT 
THE DRAIN OUTLET OF THE MILL ROAD DAM 

AND AT THE MOUTH OF OAK CREEK 
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rate at the mouth exceeded 200 cfs for 45 minutes, 
more than adequate time to scour the sandbar to a 
navigable depth. Time to  drain the dam pool was 
about 80 minutes. About 20 minutes after the flow 
was released, it reached the mouth 0.94 mile down- 
stream. About 120 minutes after release, flow was 
back to normal at the mouth. 

Based on the simulation modeling, it appears that 
flushing of the sandbar using the Mill Road dam is 
technically feasible. 

Within the main channel of Oak Creek from the 
dam downstream to the mouth, mean flow veloci- 
ties associated with the release of flushing waters 
from the dam were computed using the HEC-2 
water surface profile model developed for deter- 
mination of flood stages. The velocities for 24 
channel cross-sections averaged 3.6 feet per second 
(fps), and ranged from 1.9 to 6.4 fps. Average 
velocities greater than 4 fps occurred at River 
Miles 0.34, 0.42, 0.47, 0.61, 0.78, 0.81, 0.89, and 
0.94. The addition of bank reinforcement in some 
of these reaches may be desirable to control chan- 
nel erosion. However, such reinforcement should 
be added only if a relatively large number of 
flushing events are anticipated relative to  the 
number of natural runoff events of equal or greater 
magnitude which occur annually. 

While this alternative is technically feasible, there 
are a number of potentially negative environmental 
impacts and safety hazards associated with it. First, 
drainage of the pool behind the Mill Road dam 

would result in the scouring of anoxic sediments 
from the bottom of the pool which could result in 
dangerously low dissolved oxygen levels along with 
high concentrations of un-ionized ammonia in 
downstream reaches. In addition, there are a 
variety of heavy metals in these sediments which 
are potentially toxic to fish and other aquatic life. 
Periodic flushing of the pool and polluted sedi- 
ments has, in the past, resulted in downstream fish 
kills. Draining the pool and operating the structure 
as a "dry" dam which would store water only 
when inflow exceeded drain pipe capacity would 
serve to reduce further buildup of these sediments. 
Frequent flushing and repeated inundation of the 
existing sediments, however, would prevent them 
from being stabilized by terrestrial vegetation and 
dewatering. Second, suspended solids scoured from 
behind the dam would be deleterious to fish 
respiratory systems and spawning behavior. Settle- 
able solids would smother fish food organisms, 
productive riffle areas, and fill pool habitat. Third, 
the discharge from the pool may increase scour and 
bank erosion downstream, thereby destroying 
valuable fish habitat. These conditions would 
discourage the construction and maintenance of 
fish habitat structures needed to enhance a recrea- 
tional sport fishery. Finally, witholding streamflow 
to fill the pool could result in the desiccation of 
the stream channel. This situation would exacer- 
bate the natural low-flow and poor water quality 
conditions which occasionally limit fish and 
aquatic life downstream. 

Operation of the structure as a dry dam would 
involve shutting the sluice gates each time a sand- 
bar blocked the navigation channel at the mouth. 
After the pool was full the gates would be opened 
to flush the bar. The amount of time required to 
fill the pool is dependent on inflow rate from Oak 
Creek. Table 86 lists the fill times for a range of 
inflows. As indicated, the fill time ranges from 
about 1.5 hours for an inflow of 190 cfs, a daily 
mean flow exceeded 2 percent of the time at the 
USGS gaging station at 15th Avenue, to about 
12.9 days for a flow of 0.9 cfs, which was exceeded 
98 percent of the time during the monitoring 
period 1963-1983. The pool would be left empty 
between flushing events. 

Safety measures required for operation of this 
structure as a flushing device would include surveil- 
lance of the pool area during filling to ensure that 
no people were present in the area, and also in the 
reach of Oak Creek between the dam and the lake 
prior to and during release of the pool contents. 



Table 86 Figure 62 

TlME TO FILL MILL ROAD DAM POOL 
FOR RANGE OF INFLOWS 

 or period 1963-1983 at USGS gaging station at 15th Avenue. 

l nf low 
(cubic feet 
per second) 

190 
41 .O 
12.0 
5.8 
3.2 
1.60 
1.20 
0.89 

Source: U. S. Geological Survey and SEWRPC. 

Presently, the dam acts as a migration barrier to 
fish. If operated as a dry dam, fish migration 
upstream of the dam would still be prevented 
owing to the size and orientation of the existing 
drain pipe. In the winter when flushing is unneces- 
sary and fish migration is minimal, the structure 
could be operated as a "winter" dam to provide an 
ice skating and ice fishing area. 

Percent of 
Time ~xceeded~ 

2 
10 
30 
50 
70 
90 
95 
98 

The design and construction costs of this alterna- 
tive would be about $140,000 for the bulkhead in 
the navigation channel, and $10,000 for an addi- 
tional 36-inch, 130-foot-long drain pipe at the dam 
and for a sluice gate. It is recommended, however, 
that construction of the navigation channel be 
completed first, followed by a test of the ability 
of the existing pool drain pipe to flush the channel 
to verify the need, if any, for additional outlet 
flow capacity. 

Navigation Channel Flushing with Contents of Pro- 

Pool Elevation (feet, NGVD) 

posed Oak Creek Parkway Dry Dam : An alternative 
to  utilization of the Mill Road dam pool to flush a 

607.0 

20-foot-wide navigation channel at the mouth of 
Oak Creek would be construction of a dry dam 
closer to Lake Michigan. There are three principal 
advantages to  this alternative: 1) safety precautions 
would still be required but would be reduced 
because less area would require surveillance, 2) a 
structure more specifically suited t o  the purpose of 
flushing the sandbar could be designed and con- 
structed, and 3) less time would be required for the 
pool filling and flushing operation. 

COMPARISON OF SIMULATED HYDROGRAPHS A T  
THE OAK CREEK PARKWAY BRIDGE A T  RIVER 
MILE 0.35 AND A T  THE MOUTH OF OAK CREEK 

609.0 

TlME IN MINUTES 

Source: SEWRPC. 

Fill Time (days) 

Figure 62 presents a comparison of hydrographs 
simulated by HSPF at the mouth and at the park- 
way bridge closest to the lake (River Mile 0.35); 
these hydrographs represent release of the contents 
of a pool about 8.5 feet deep at the bridge. Pool 
filling would require 44 percent of the amount of 
time needed to fill the pool of the Mill Road dam. 
The dam pool could be drained in about 10  min- 
utes as determined by HSPF simulation, compared 
to 80 minutes for the Mill Road dam. About one 
minute after flow release, flow would reach the 
mouth 0.35 mile downsteam, compared to 20 
minutes from Mill Road. About 55 minutes after 
release, flow would be nearly back to normal at the 
mouth, compared to about 120 minutes for the 
Mill Road site. The flow rate at the mouth would 
exceed 200 cfs for about 10  minutes using the new 
dam, and for about 45 minutes using the dual- 
drain-pipe flushing system of the Mill Road dam. 

61 1 .O 
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1.73 

To construct the new dam, the downstream side of 
the existing bridge abutment (Figure 63) would be 
modified to accommodate a gate 8.5 feet high and 
about 36 feet long with a horizontal hinge along 
the bottom. The gate would lie on the channel 
bottom when not in use to allow free flow of water 
and fish migration. To flush the sandbar, the gate 
would be raised mechanically until flush with the 
face of the abutment. After the pool was full, the 
gate would be quickly opened to drain the pool. 
The procedure could be repeated as necessary to 
achieve the desired navigation depth. 

612.0 

Extremely high velocities would exist during the 
flushing operation in the reach extending about 
700 feet downstream from the bridge, along with 
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Figure 63 Figure 64 

DOWNSTREAM SIDE OF OAK CREEK 
PARKWAY BRIDGE AT RIVER MlLE 0.35 

LOOKING DOWNSTREAM FROM 
FOOTBRIDGE AT RIVER MlLE 0.14 

- 

Swrce: SEWRPC. Source: SEWRPC. 

some overbank flooding. Therefore, stream channel 
protection would be required for both the banks 
and the bed. This alternative shares many of the 
negative environmental impacts and safety hazards 
associated with the Mill Road dam flushing alterna- 
tive. In addition, the construction of the 700-foot 
concrete channel would permanently destroy some 
fish and aquatic life habitat and the existing and 
potential recreational and biological uses associated 
with the unchanneljzed segment. 

The design and construction costs of this alterna- 
tive would be $140,000 for the bulkhead for the 
navigation channel, $35,000 for the gate on the 
dry dam at the bridge, and $100,000 for 700 feet 
of concrete lining of the channel downstream from 
the dam, for a total cost of $275,000. 

Navigation Channel Flushing with Contents of 
Proposed Dry Dam Located at Footbridge at River 
Mile 0.14: To minimize the cost of protecting the 
channel of Oak Creek from scour caused by release 
of pool contents at the previously proposed dry 
dam at the Oak Creek Parkway bridge at River 
Mile 0.35, which would require about 700 feet of 
concrete Lining, an alternative site was evaluated at 
the footbridge at River Mile 0.14. This site is near 
the proposed navigation channel, as indicated in 
Figure 64, and would be similarly modified by 
provision of a hinged gate at the downstream face 
of the bridge. The gate dimensions would be about 
8 feet by 50 feet, compared to 8.5 feet by 36 feet 
at the parkway bridge. When closed, about four 
feet of water would be backed up at the dam site, 

compared to about 8.5 feet at the parkway bridge 
site. A concrete apron for scour protection at the 
downstream side of the bridge would be required 
instead of extensive concrete channel lInhg. 

The design and construction costs of this alaltetea- 
tive would be $55,000 for the gate of the dxy dam 
and the concrete apron and $140,000 for the 
navigation channel bulkhead, for a total cost 
of $195,000. 

Navigation Channel Clearing With Diffusers: A 
fifth alternative was evaluated which consists of 
pumping water through d i i s e r s  placed along the 
navigation channel in order to scour the sand, 
rather than using flow from Oak Creek--either 
naturally or artificially produced--to scour accumu- 
lated sand from the channel. Once suspended in 
the water column, the sand would be carried out 
into the lake by the natural streamflow of Oak 
Creek. The advantages of this alternative are: 
1) fewer safety precautions would be required than 
for the "flushing" alternatives, and 2) this alterna- 
tive would have fewer negative impacts on fish and 
fish habitat. 

The diffuser system would consist of a network of 
pipes fitted with high pressure water jets and 
placed along the center and sides of the navigation 
channel. The size and location of the diffusers 
within the navigation channel would depend upon 
the size and location of the sandbar formation. In 
order to allow for fluctuations in the Lake Michi- 
gan water level, the diffusers would need to be 



designed so that their elevation could be adjusted, 
thereby ensuring that a four-foot depth is main- 
tained in the navigation channel. Water would be 
supplied to the system by connecting to either the 
intake or the discharge pump at the City of South 
Milwaukee water treatment facility, which is 
located near the mouth of Oak Creek, or by adding 
a separate pump solely for this purpose. The intake 
pump currently in use at the water treatment plant 
can supply water at a rate of 10 million gallons per 
day (mgd) and at a pressure of 30 pounds per 
square inch (psi). Of this total, 3 mgd is required 
for plant use. The discharge pump currently in use 
at the water treatment plant is capable of providing 
a water pressure of 85 psi, but the capacity of the 
pump is limited to the 3 mgd required by the City 
of South Milwaukee. This lower discharge rate 
would require that the diffusers be used only 
during periods of low municipal water use, such as 
at night. A second pump on the intake pipe at the 
water treatment plant would be able to supply the 
required water for the diffusers at a higher pressure 
than would the intake pump currently in use. The 
addition of this pump would, however, increase the 
cost of this alternative. 

One of the disadvantages of this alternative is that 
it is dependent on the flow in Oak Creek being 
sufficient to carry the suspended sand far enough 
into the lake to enable boats to enter and leave the 
navigation channel. If the streamflow is too low, 
deposition is likely to  occur immediately upon the 
sand leaving the channel, obstructing the passage 
of boats. 

In addition to carrying the sand a sufficient dis- 
tance into the lake, the streamflow must be high 
enough to counteract the flow of water from Lake 
Michigan into the Oak Creek estuary caused by 
lake seiche. If the streamflow is too low, water 
flowing into the estuary from the lake would carry 
the sand upstream where it would again deposit in 
the Oak Creek channel. Water level records for the 
Milwaukee inner harbor indicate a typical seiche 
wave amplitude of about 0.5 foot with an average 
seiche period of about one hour. Assuming similar 
conditions exist in the Oak Creek estuary, the 
estimated average flow into and out of the estuary 
during the seiche period would be about 60 cfs, 
with a peak inflow of about 90 cfs. Therefore, a 
flow of at least 100 cfs would be required in Oak 
Creek if the diffusers were operated during the 
inflow portion of the seiche period. Review of the 
U. S. Geological Survey streamflow records for 
Oak Creek at 15th Avenue from 1963 to  1983 

indicates that the mean daily flow exceeds 100 cfs 
an average of 1 7  times a year. However, only about 
four of these days, or 25 percent, occur during the 
months of May through September when boating 
activity is greatest. However, by operating the 
diffusers only during the outflow portion of the 
seiche period, this problem could be avoided. This 
would require careful monitoring of the water 
levels in the Oak Creek estuary to determine when 
the seiche wave has peaked and direction of flow 
is reversed. 

The design and construction costs of this alterna- 
tive would be $140,000 for the navigation bulk- 
head and $40,000 for the diffusers and conveyance 
pipe between the water treatment plant and the 
diffusers, for a total cost of $180,000. The cost for 
the diffusers and conveyance pipe is based on the 
diffusers covering a 20-foot length of the naviga- 
tion channel. This is about one-half the average 
width of the present sandbar formation across 
the mouth of Oak Creek. As noted above, the size 
and cost of the diffusers will depend on the actual 
size of the sandbar formation within the naviga- 
tion channel. 

Concluding Statement 
The recommended approach for maintenance of a - - 
recreational navigation channel at the mouth of 
Oak Creek would be stepwise in nature to allow for 
actual field testing of some of the alternatives 
described above. The purpose is two-fold: 1)  to 
construct only the most critical components of the 
flushing system initially for field testing to deter- 
mine if further steps are actually necessary; and 
2) to temporally distribute the capital costs of 
implementation. Recommended alternatives should 
have minimal environmental impacts and safety 
hazards and be compatible with the plan's recrea- 
tional, biological, and water quality objectives. 

I t  is recommended that the proposed bulkhead 
forming and protecting the navigation channel be 
designed and constructed initially. Following 
construction, the behavior of the channel in 
response to Lake Michigan storms and flushing 
by natural runoff from Oak Creek should be 
observed to determine if boating accessibility to 
the lake is adequate. To complement this effort, it 
is recommended that the sand level on the beach 
just north of the channel be lowered to provide for 
wind-blown sand storage behind the jetty, and that 
minimal dredging be performed in the navigation 
channel if needed. These measures would have 
minimal environmental impacts on Oak Creek and 



minimal safety hazards. In addition, they are com- 
patible with the plan's water quality, recreational, 
and biological use objectives. 

If the proposed bulkhead program is not entirely 
successful, the next step would be to design either 
a dry dam at the River Mile 0.14 footbridge or a 
diffuser network to be placed within the naviga- 
tion channel. If the design meets environmental 
and safety criteria, construction could proceed. 
Compared to other flushing alternatives, these 
alternatives have less potential for negative environ- 
mental impacts and safety hazards. They are also 
more compatible with the recommended water use 
objectives. The proposed flushing alternatives using 
the existing Mill Road dam and/or proposed park- 
way bridge "dry" dam have negative environmental 
impacts and safety hazards associated with them. 
In addition, they are not compatible with the 
recommended water use objectives. 

POTENTIAL FOR FISHERY DEVELOPMENT 

Review of fishery data collected under the water- 
shed study indicates that the Oak Creek watershed 
presently supports a dominance of fish that are 
generally tolerant of the poor water quality condi- 
tions and degraded physical habitat provided by 
the stream channels. Certain reaches of the Oak 
Creek watershed stream system are nearly or 
entirely devoid of fish. Numerous adverse condi- 
tions have been created in the stream system 
by human activity in the watershed over the past 
150 years, and particularly over the past 60 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 dramati- 
cally evident as a fish kill-although fish kills have 
occurred in the Oak Creek 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 some indivi- 
duals 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 recom- 
mended 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 mea- 
sures may be taken in order to prevent the further 
decline of the Oak Creek watershed fishery and, to 
the extent practicable, rehabilitate the warmwater 
fishery, as well as enhance a limited sport fishery 
within the watershed. These measures may be con- 
sidered as accessory to the land use, park and open 
space, flood control, and water pollution abate- 
ment elements of the watershed plan. 

In order to develop a set of management recom- 
mendations which will result in the maintenance 
and rehabilitation of a warmwater fishery within 

I 
the Oak Creek watershed, it is necessary to identify 
the problems which have adversely affected the 
fishery of the watershed. Only by understanding I 

these problems is it possible to consider the changes 
in land and water resources management that could 
result in improvement in the fish habitat. The spe- I 
cific problems which have resulted in the degrada- 
tion of the fishery include: I 

1. The draining and filling of wetlands adjacent I 

to the stream system, which has resulted 
in a loss of fish spawning, nursery, and I 

feeding areas. I 

2. The ditching and realignment of stream 
channels, which has resulted in a uniform 
aquatic environment where there was once a 
heterogeneity in the form of alternating 
riffles, pools, and runs. This ditching and 
realignment has resulted in uniform bottom 
types and water velocities which limit the 
types of fish that can inhabit a stream 
system, and has thereby reduced the natural 
diversity. 

3. Runoff from agricultural lands and constmc- 
tion 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 injur- 
ing fish. 

4. Extreme fluctuations in streamflow, which 
create alternating scouring and stagnant con- 
ditions within the stream system. 

5 .  Runoff waters containing pesticides and 
fertilizers from urban and rural lands, raw 
sewage from sanitary sewer system overflow 
devices, 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 carry on 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 Oak Creek Dam, the Nicholson Avenue 
bridge spillway, the spillway located just 
south of Ryan Road, and the three concrete 
drop sills located in the Southwood Sub- 
division, as well as the occasional sandbars 
across the mouth of Oak Creek along the 
main stem of Oak Creek, the Milwaukee 
Road railway bridge spillway, and the two 
spillways just south of the Milwaukee Area 
Technical College-South Campus along the 
North Branch of Oak Creek. All of these 
structures inhibit the natural movement 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 water- 
shed. The recruitment of new fish species 
into depopulated areas may be hampered or 
entirely prevented by these obstructions. 

8. As a result of the above-mentioned prob- 
lems, the fish population of the Oak Creek 
watershed has reached a point where the 
natural source of "seed stock" necessary to 
restore the depopulated areas of the water- 
shed is apparently lacking. Very tolerant fish 
such as fathead minnow and central mud- 
minnows and tolerant fish such as creek 
chub and brook stickleback are able to 
survive in the stream system, but intolerant 
species such as darters, daces, and stone- 
rollers are lacking. 

In an urbanizing watershed such as Oak Creek, it 
may not be practicable to consider halting, much 
less reversing, the historic trends in some of these 
factors. For example, the ditching and realignment 
of stream channels may be expected to continue, 
and, indeed, is recommended in the plan for flood 
control and drainage purposes. Similarly, large 
fluctuations in streamflow cannot be avoided in an 
urbanizing watershed, where the stream system 
must serve urban stormwater drainage purposes. 
On the other hand, remaining wetlands in some 

reaches can be protected, pollution 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 Oak Creek and 
its tributaries in terms of their aquatic habitat 
potential. As shown on Map 61, the following 
stream reaches, totaling 11.1 miles in length, or 
52 percent of the total perennial stream length in 
the watershed, are considered potentially capable 
of supporting a balanced warmwater fishery and an 
anadromous, or seasonal, coldwater sport fishery: 

Oak Creek main stem between its confluence 
with L,ake Michigan and its confluence with 
the North Branch of Oak Creek. 

North Branch of Oak Creek between Grove- 
land Drive extended and its confluence with 
the main stem. 

This conclusion 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 61  are the following stream reaches, 
totaling 8.0 miles in length, or 38 percent of the 
total perennial stream length in the watershed, 
considered potentially capable of supporting a 
tolerant forage fishery and anadromous, or sea- 
sonal, coldwater sport fishery: 

Oak Creek main stem between its confluence 
with the North Branch of Oak Creek and 
Hilltop Lane extended. 

North Branch of Oak Creek between Grove- 
land Drive extended and IH 94. 

Finally, as set forth on Map 61, the remaining 
perennial stream reaches, totaling 2.2 miles in 
length, or 10  percent of the total perennial stream 
length in the watershed, are considered capable of 
supporting only a limited tolerant or very tolerant 
forage fishery as a result of the major irreversible 
cultural modifications to the land surface, channel 
characteristics, and low-flow conditions. 

Two major characteristics of a good fishery are the 
presence of those species of fish necessary to pro- 
vide recreational activity for people, and sufficient 



Map 61 

POTENTIAL FISHERY DEVELOPMENT BY STREAM REACH IN THE OAK CREEK WATERSHED 

LEGEND - BTREAM REACHES POTENTllVLl CAPABLE OF SUPPORTING A TOLERbNT FORAGE 
FISHERY AND WliOROMOUS OR SEASON- COLOWaTER SPORT FtSHERY 

STREbM REACHES WTENTlPLW CAPABLE OF SUPPOBTING A WbRMWATER SWRT 
FISHERY W D  rlNADROMOUS OR S E A S O U L  COLDWATER SPORT FISHERY 

STREAM REACHES CONSIDERED CAPABLE OF SUPPORTING LlMlTED TOLERANT 
W VERY TOLERANT F O R M E  OR ROUGH FISH 

A Commission inventory of the Oak watershed resulted in the rating of the stream reaches of the watershed in termsof their aquatic habitat 
potential. Of the 21.3 miles of perennial stream in the watershed, 11.1 miles, or 52 percent, were considered to be potentially capable of 
supporting a balanced warmwater fishery and anadromous, or seasonal, coldwater sport fishery; 8.0 miles, or 38 percent, were considered to be 
potentially capable of supporting a tolerant forage fishery and anadromous, or seasonal, coldwater sport firhery;and 2.2 miles, or 10 percent, 
were considered to be capable of supporting a limited tolerant or very tolerant forage fishery. 

Source: SEWRPC. 



diversity of other fish species to provide a food 
base and overall stability to the stream community. 
To promote such a good 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. 

Alternative 1-Measures to 
Maintain a Minimum Fishery 
The measures that would be required to develop 
and maintain a minimum fishery in the Oak Creek 
watershed are indicated on Map 62. These mea- 
sures include modification of existing water 
conveyance structures and implementation of 
mitigation techniques to improve instream habitat 
for aquatic organisms. 

More specifically, the dam located in the Oak 
Creek Parkway would be maintained in its present 
condition. That portion of Oak Creek below the 
dam would also be maintained in its present condi- 
tion, and would continue to provide recreational 
opportunities for warmwater and seasonal cold- 
water sport fishing. 

Designated reaches of the main stem of Oak Creek, 
including those reaches between 15th Avenue and 
Pennsylvania Avenue and between IH 94 and the 
Milwaukee Road Railroad bridge, and that portion 
of the North Branch of Oak Creek between S. 13th 
Street and Forest Hill Avenue extended, would be 
improved by application of instream mitigation 
measures. Such measures are intended to enhance 
instream water quality and habitat conditions for 
aquatic organisms by creating groupings of pools 
and riffles, and by diversifying bottom substrates, 
and include the placement of wing deflectors, use 
of scattered rocks, and stream bank improvement 
techniques such as bank undercuts and selective 
plantings. Sills or drop structures located at Penn- 
sylvania Avenue and just south of Ryan Road on 
the Oak Creek main stem, those situated immedi- 
ately south of the Milwaukee Area Technical 
College-South Campus, and the structure located 
under the Milwaukee Road bridge on the North 
Branch would be notched to allow the passage of 
fish during high streamflow periods. In addition, 
stream meanders would be created in portions 
of the instream mitigation areas. Based upon the 
foregoing modifications, a balanced warmwater 
and forage fishery could be maintained contingent 
upon the annual or biennial stocking of forage, 
pan, and other warmwater sport fish. 

The upper reaches of the main stem and North 
Branch, as well as the entire Mitchell Field Drain- 
age Ditch, would be maintained in their present 
condition as a limited forage fishery, and would 
continue to support species such as central mud- 
minnow and fathead minnow. 

The measures required to develop and maintain a 
minimum fishery in the Oak Creek watershed not 
encompassed in the water resources management 
and selected land use recommendations of the 
watershed plan are estimated to cost $387,000. 
These include the modification of the four sills and 
drop structures. The specific instream mitigation 
measures needed to maintain a minimum fishery 
should be developed within the context of a 
detailed fish management plan prepared by the 
Wisconsin Department of Natural Resources. 

Alternative 2-Measures to Maintain 
an Extended Minimum Warmwater -.-- ~-~ -~ -~ 

and Seasonal Coldwater Sport Fishery 
The measures that would be required to develop 
and maintain an extended minimum warmwater 
and seasonal coldwater sport fishery in the Oak 
Creek watershed are indicated on Map 63. Under 
this alternative, the dam located in the Oak Creek 
Parkway would be removed or modified by the 
addition of a fish ladder, similar to that shown in 
Figure 65, or the dam would be operated so that a 
pool exists only in the winter in order to  facilitate 
the seasonal upstream movement of anadromous 
coldwater fish. That portion of Oak Creek below 
the dam would be maintained in its present con- 
dition as a warmwater and seasonal coldwater 
sport fishery. 

The portion of Oak Creek between the dam and 
Pennsylvania Avenue would be developed as a 
stocked warmwater and seasonal coldwater sport 
fishery. To effect development of the fishery, 
instream habitat mitigation techniques would be 
implemented between 15th Avenue and Pennsyl- 
vania Avenue to improve habitat conditions for 
aquatic organisms. Mitigation techniques used 
would be similar to those recommended under 
Alternative 1. Annual or biennial stocking of 
forage, pan, and other warmwater sport fish may 
be necessary to maintain the desired fishery in 
these reaches. 

The remaining reaches of Oak Creek, including the 
western portion of the main stem from Nicholson 
Avenue, the entire North Branch, and the entire 



Map 62 

MEASURES TO MAINTAIN A MINIMUM FISHERY 

LEGEND - EXISTING WARMWATEe &NO YASONAL -- INSTREAM MlTlGATlON 
SPORT FISHERY TO BE WINTUNED 

STRUCTURE 70 BE MWIFIED - SToenEo W ~ M W A T E R  FISHERY 
M M  TO BE MbINTAINED - LlMlTm FOSAOE FISHERY 

The measures that would be required to develop and maintain a minimum fishery in the Oak Creek watershed include the modification of five 
sill and drop structures by notching these structures to allow passage of fish during high nrearnfiow periods; the application of instream habitat 
mitigation measures along 5.3 miles of Oak Creek and 3.6 miles of the North Branch of Oak Creek; and the annual or biennial stocking of 
forage, pan, and other warmwater sport fish. 

Source: SEWRPC. 



Map 63 

MEASURES TO MAINTAIN AN EXTENDED MINIMUM 
WARMWATER AND SEASONAL COLDWATER SPORT FISHERY 

LEGEND 

EXISTINO WARMWATER aND -- lNIITREAM M I T I a I I W  - S E S O W L  SPORT F8SIE.I 
OM4 TO BE MODlFlED OR - ST-D WaRMWATER FISHERY A W- WlTW WIN=. DM4 

A N 0  SEASONAL SPORT FISHERY - L l M l T E D  FORAGE FISHERY 

The meamres that would be required to develop and maintain an extended minimum warmwater and seasonal coldwater sport fishery in the 
Oak Creek watershed include either the removal or the modification with a firh ladder of the Mill Road dam; the application of 1.9 milerof 
instream habitat mitigation measures along Oak Creek; end an annual or biennial stocking of forage, pan, and other warmwater sport firh. 

Source: SEWRPC. 



Figure 65 

INSTALLATION OF A FISH LADDER 
AT THE OAK CREEK PARKWAY DAM 
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Source: SEWRPC. 

Mitchell Field Drainage Ditch, would be main- 
tained in their present condition and would sup- 
port a limited forage and would, to a limited 
extent, support a seasonal coldwater sport fishery. 

The measures required to develop and maintain an 
extended minimum warmwater and seasonal cold- 
water sport fishery in the Oak Creek watershed, 
encompassed in the water resources management 
and related land use recommendations of the 
watershed plan, are the fish ladder modifications at  
the dam estimated to cost $100,000, or operation 
of the dam so that a pool exists only in the winter, 
estimated to cost $5,000; and an annual or biennial 

fish stocking program, estimated to  cost $3,000.~' 
The specific instream mitigation measures needed 
to maintain an extended minimum warmwater and 
seasonal coldwater sport fishery should also be 
developed within the context of a detailed fish 
management plan prepared by the Wisconsin 
Department of Natural Resources. 

Alternative 3-Measures to Maintain a Maximum 
Warmwater and Seasonal Coldwater Fishery 
The measures that would be required to  develop 
and maintain a maximum warrnwater and seasonal 
coldwater fishery in the Oak Creek watershed are 
indicated on Map 64. Under this alternative, the 
dam located in the Oak Creek Parkway would be 
removed or modified by the addition of a fish 
ladder, similar to that shown in Figure 65. Modifi- 
cation of the dam would allow upstream migration 
of anadromous fish, thereby increasing the poten- 
tial for seasonal recreational sport fishing in most 
reaches of the main stem and North Branch of Oak 
Creek. That portion of Oak Creek located down- 
stream from the dam would continue to  be main- 
tained in its present condition and would continue 
to offer opportunities for warmwater and seasonal 
coldwater sport fishing. 

Sills or drop structures located at Pennsylvania 
Avenue and just south of Ryan Road on the Oak 
Creek main stem, those situated immediately south 
of the Milwaukee Area Technical College-South 
Campus, and the structure located under the 
Milwaukee Road bridge on the North Branch 
would be removed or replaced with modified fish 
ladders, similar to that shown in Figure 66, to 
allow upstream and downstream movement of 
forage and game fish. Designated portions of the 
Oak Creek main stem and North Branch could then 
be developed as warrnwater and seasonal coldwater 
sport fisheries. Instream habitat mitigation tech- 
niques similar to those recommended under the 
previous alternatives would be implemented on the 
main stem of Oak Creek between 15th Avenue and 
Pennsylvania Avenue, and between the Milwaukee 
Road bridge and IH 94. On the North Branch of 
Oak Creek, instream habitat rehabilitation measures 
would be implemented for the reach between S. 
13th Street and Forest Hill Avenue extended. The 
instream mitigation measures, combined with the 
modification of existing sills and drop structures, 

21 The cost o f  the fish stocking program will be 
borne by existing Wisconsin Department o f  Natural 
Resources fish management programs. 



Map 64 

MEASURES TO MAINTAIN A MAXIMUM WARMWATER AND SEASONAL COLDWATER FISHERY 

LEGEND - EXISTINO WARMWATER WO SEASONAL -- INSTREAN MITIGbIIOW 
-T FIWERI TO aE MAINTAINEO 
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The measures that would be reauired to deveio~ and maintain a maximum warmwater and oearonal coldwater fishery in the Oak Creek water- 
shed include either the removal or the modification with a fish ladder of the Mill Road dam; the removal or installation of modified fish ladders 
a t  five sill or drop structures; the application of habitat mitigation measures along 5.3 miles of Oak Creek and along 3.6 miles of the Nonh 
Branch of Oak Creek; and an initial stacking of selected forage and game fish species. 

Source: SEWRPC. 



Figure 66 

MODIFIED FISH LADDER 

Source: SEWRPC. 

should allow forage, warmwater, and seasonal 
coldwater sport fish to repopulate designated 
reaches of Oak Creek. An initial stocking of 
selected forage and game fish species may be used 
to accelerate the repopulation process. 

The remaining reaches of the main stem and North 
Branch of Oak Creek, as well as the Mitchell Field 
Drainage Ditch, would continue to support a 
limited forage fishery, and would provide limited 
seasonal sport fishing opportunities because of 
intermittent or low streamflows. To the extent 
that anadromous fish move into these reaches, 
limited additional fishing opportunities may be 
provided under this alternative. 

The measures required to develop and maintain a 
maximum warmwater and seasonal coldwater 
fishery in the Oak Creek watershed not encom- 
passed in the water resources management and 
related land use recommendations of the watershed 
plan are the fish ladder modifications at the dam, 
estimated to cost $100,000, or the removal of the 
dam, estimated to cost $20,000, or operation of 
the dam so that a pool exists only in the winter, 
estimated to cost $5,000; the removal or modifica- 
tion of the five sills and drop structures, estimated 
to cost $25,000; and an initial fish stocking pro- 
gram estimated to cost $3,000. Specific instream 
mitigation measures needed to maintain a maxi- 
mum warmwater and seasonal coldwater fishery 
should be developed within the context of a 
detailed fish management plan prepared by the 
Wisconsin Department of Natural Resources. 

Concluding Remarks-Fishery Development 
Based upon a review of the alternatives considered. 
~lternative 3 was modified to take into account 

recommendations made by the Wisconsin Depart- 
ment of Natural Resources fish manager for the 
Lake Michigan area working in cooperation with 
the Commission staff.", 23 The modified Alterna- 
tive 3 is presented herein as the recommended fish 
management plan for the Oak Creek watershed. 

Recommended Plan-Measures to Maintain a 
Maximum Warmwater and Seasonal Coldwater 
Fishery: The measures that are required to develop 
and maintain a maximum warmwater and seasonal 
coldwater fishery in the Oak Creek watershed are 
summarized on Map 65. Under this alternative, it is 
recommended that the existing dam located in 
the Oak Creek Parkway be notched down to the 
streambed, as shown in Figure 67, to allow up- 
stream migration of anadromous fish, thereby 
increasing the potential for seasonal sport fishing in 
most reaches of the main stem and North Branch 
of Oak Creek. Notching of the dam by providing a 
notch width of 40 feet at the top of the dam and 
10 feet at the base of the dam would preserve the 
dam abutments while accommodating high- and 
low-flow events. 

It  is also recommended that the mill pond created 
by the dam be modified to improve the warm- and 
coldwater fishery potential of Oak Creek. Dam 
modification would require dredging a portion of 
the accumulated sediments behind the dam to 
normalize the streambed gradient and to  re-create 
stream meanders. A portion of the bed of the 
former impoundment could be used in winter to 
provide an ice skating rink. The rink would have to  
be created by artificially irrigating the rink surface. 

It is further recommended that the sill located on 
the main stem at Pennsylvania Avenue (Nicholson 
Avenue) be removed; and that the sill located on 
the main stem just south of Ryan Road, the two 
sills located on the North Branch immediately 
south of the Milwaukee Area Technical College- 
South Campus, and the sill located on the North 
Branch at the Milwaukee Road bridge be removed, 
or be provided with fish ladders, similar to that 

22 Ronald M. Bruch, "Development o f  an Anadro- 
mous Fishery in Oak Creek, Milwaukee County," 
January 21, 1986. 

23 Wisconsin Department o f  Natural Resources, 
"Stream Classification for Oak Creek," in draft 
Southeast District Water Resources Management 
file report, 1986. 



Map 65 

RECOMMENDED MEASURES TO MAINTAIN A MAXIMUM WARMWATER AND SEASONAL COLDWATER FISHERY 
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Bawd upon a careful physical and biologicsi evaluation of the stream system of the watershed by the staffs of the Commission and the Wir- 
COnSin Department of Natural Resources, a set of recommended measures was formulated for the maintenance of a maximum warmwater and 
seasonal mldwater fishery in the Oak Creek watershed. Thew measures include notching the existing Mill Road dam and normalization of the 
stream grade through the reach occupied bv the existinq mill Dond above the dam: the removal or installation of modifiedfish iaddersat five 
sill or drop structures; the application of habitat mitigation measures along 5.7 miles of Oak Creek and 4.9 miles of the North Branch of Oak 
Creek: the appliation of stream bank stabilization measures; and an initial socking of selected forage and game fish species. 

Source: SEWRPC. 



Figure 67 Figure 68 

PROPOSED MODIFICATION 
OF MILL ROAD DAM 

Source: SEWRPC. 

shown in Figure 66. This would allow upstream 
and downstream movement of forage and game 
fish. As a result, approximately 20 miles of the 
main stem and North Branch of Oak Creek could 
be developed as warmwater and seasonal coldwater 
sport fisheries. 

As shown on Map 65, designated portions of the 
main stem and North Branch of Oak Creek would 
be improved by the application of instream habitat 
mitigation measures. Such measures should include 
the placement of boulder retards-such as those 
shown in Figure 68-on the streambed, and the 
placement of stone rip-rap at the toe of existing 
masonry and concrete bank protection structures. 
The boulder retards would serve to enhance 
instream habitat by modifying streamflow pat- 
terns, diversifying bottom substrates, and providing 
protective cover and resting areas for fish and other 
aquatic life. Rip-rap placement at the toe of exist- 
ing masonry and concrete protection structures 
would serve to diversify and therefore enhance 
instream habitat conditions for aquatic organisms. 
The development of stands of emergent vegetation 
along the stream banks would be encouraged. 
Stands of emergent vegetation should also be 
encouraged along the channel bottom to  provide 
improved habitat for certain aquatic invertebrates 
and fish and some forms of terrestrial wildlife. The 
floodland management impacts of other instream 
fish management measures, such as the placement 
of brush bundles, would have to  be evaluated in 
relation to the hydraulic characteristics and objec- 
tives of the channel configuration. 

Several stream bank stabilization measures are 
recommended under this alternative. Placement of 
stone rip-rap and wing deflectors is recommended 
for those reaches where stream bank erosion 
necessitates remedial action. These reaches are 
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shown on Map 65. The placement of stone rip-rap 
and wing deflectors along stream banks where 
severe scouring is occurring, in addition to reshap- 
ing the stream banks to a more stable angle, would 
effectively mitigate excessive erosion while provid- 
ing suitable instream and stream bank habitat. 
Such bank stabilization measures would also 
enhance recreational opportunities along Oak 
Creek by providing areas of improved access for 
recreational users. Additional stream bank stabili- 
zation measures in the form of prescribed plantings 
are also recommended. Plantings would contribute 
to stream bank stability and enhance terrestrial 
wildlife habitat for species using the Oak Creek 
riparian area as migratory habitat and as a connect- 
ing corridor between habitat areas of higher value. 

The instream mitigation measures, combined with 
the notching of the dam and removal or modifica- 
tion of existing sills and drop structures, should 
allow forage, warmwater, and seasonal coldwater 
sport fish to repopulate designated reaches of Oak 
Creek. An initial stocking of selected forage and 
game fish species may be used to  accelerate the 
repopulation process. 



The remaining reaches of the North Branch of Oak 
Creek as well as the Mitchell Field Drainage Ditch 
would continue to support a limited forage fishery, 
and would provide limited seasonal sport fishing 
opportunities because of intermittent or low 
streamflows. To the extent that anadromous 
fish move into these reaches, limited additional 
fishing opportunities may be provided under this 
alternative. 

The measures recommended to develop and main- 
tain a maximum warmwater and seasonal cold- 
water fishery in the Oak Creek watershed would 
have the following estimated costs: notching of the 
dam and modification of the pond, $8,000; modifi- 
cation of the five sills and drop structures, $9,000; 
instream habitat improvement, $40,000; bank 
erosion control measures, $5,000; and an initial 
fish stocking program, $3,000. To the extent that 
the recommended measures are implemented, the 
potential for establishing a balanced warmwater 
and seasonal coldwater fishery within the Oak 
Creek watershed would be substantially improved. 

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 the recom- 
mended floodland management plan element for 
the comprehensive plan for the Oak Creek water- 
shed. Alternatives to the recommended element 
also are presented, together with a comparative 
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 divided 
into two categories: structural measures and non- 
structural measures. A total of six structural 
floodland management measures were identified 
for possible application, either individually or in 
various combinations, to specific flood-prone 
reaches of the watershed, including: 1 )  bridge or 
culvert modification or replacement; 2) channel 
modification; 3) dikes; 4) detention reservoirs; 
5) onsite storage; and 6) floodwater diversion. 
Twelve nonstructural measures were identified, 
consisting of: 1) reservation and acquisition of 
floodlands for recreation and related open space 
use; 2) floodland use regulation; 3) channel mainte- 

nance; 4) federal flood insurance; 5) lending insti- 
tution policies; 6) realtor policies; 7)  community 
utility policies; 8) regulation of land use outside 
the floodlands; 9) emergency programs; 10) struc- 
ture floodproofing; 11) structure removal; and 
12) community education programs. Structural 
measures tend to be more effective in achieving the 
objectives of floodland management in riverine 
areas that have already been urbanized, while non- 
structural measures are preventive 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-hydraulic flood flow simulation 
model was used to quantitatively evaluate the 
impact of two different plan year 2000 land use 
conditions on the flood flow behavior of the Oak 
Creek watershed. The simulation model studies 
indicated that 100-year recurrence interval peak 
flood flows would increase up to 69 percent if no 
development were permitted in the floodplain, and 
up to 78 percent if development were allowed in 
some portions of the floodplain fringe. 

In order to compare the cost of alternative flood- 
land management measures, the flood damage 
susceptibility of a river reach must be quantified 
in monetary terms. Information derived from the 
historic flood survey, combined with the results of 
hydrologic-hydraulic simulation modeling, indi- 
cated that on an average annual basis, the mone- 
tary flood risks for the watershed total about 
$29,900 under existing land use and existing 
channel and floodplain conditions, and about 
$98,000 under plan year 2000 land use and exist- 
ing channel and floodplain conditions. If additional 
urban development were permitted to occur in 
the floodplain fringe, even higher monetary flood 
risks could be expected to be incurred. Under 
existing land use, channel, and floodplain condi- 
tions, flood damage to crops and structures of 
about $84,200 and $259,600, respectively, may be 
expected to be incurred during a 100-year recur- 
rence interval flood. Under plan year 2000 land use 
and existing channel and floodplain conditions, 
flood damages of about $80,600 and $571,800, 
respectively, may be expected to be incurred 
during a 100-year recurrence interval flood. 

A total of 12  alternative floodland management 
measures-including two "no-action" alternatives- 
were developed and evaluated for resolution of the 
flood problems of the Oak Creek watershed. After 
due consideration of the various technical and 



economic features of these alternatives, the Water- 
shed Committee recommended that the combina- 
tion channel deepening and shaping and structure 
floodproofing, elevation, and removal alternative 
be used to resolve existing and probable future 
flood problems in the Oak Creek watershed. 
Utilizing an annual interest rate of 6 percent and 
an amortization period and project life of 50 years, 
the total average annual cost of this alternative is 
$65,000, consisting of the amortization of the 
$1,009,000 capital costs and $1,000 in annual 
operation and maintenance costs. Thus, the result- 
ing benefit-cost ratio of this alternative is 1.20. 

Eighteen bridges and culverts were identified in 
the watershed planning program that could be 
expected, by virtue of inadequate capacity and 
overtopping of the approach roads or of the 
structure, to interfere with the operation of the 
highway and railroad transportation system during 
major flood events under plan year 2000 condi- 
tions and existing channel conditions. Eight of 
these substandard bridges and culverts are located 
on land access and collector streets and ten are 
located on arterial streets and highways other than 
freeways and expressways. It  is recommended that 
when these structures are modified or replaced as 
part of necessary highway and railway improve- 
ment programs, these crossings be designed to 
provide adequate capacity in accordance with the 
standards set forth in Chapter X. It is also recom- 
mended, in accordance with the adopted standards 
set forth in Chapter X, that all new or replacement 
bridges and culverts be designed 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 established in the 
adopted comprehensive watershed plan. 

Of the 12  nonstructural floodland management 
measures identified for possible application in the 
Oak Creek watershed, the following three were 
found to be particularly effective for minimizing 
the aggravation of existing problems and for pre- 
venting the development of future flood problems: 
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 regulations as 
accomplished through zoning, land subdivision, 
and sanitary and building ordinances; and 3) chan- 
nel 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 watershed land use 
plan, but also to minimize the aggravation of 
existing flood problems and development of new 
flood problems. In order to fully protect the flood- 
lands of the watershed in accordance with this 
recommendation, existing floodland and related 
regulations would have to be modified for explicit 
application to the Oak Creek watershed floodlands, 
or new floodland regulations would have to be 
prepared by the communities in the watershed. 

Although federal flood insurance does not resolve 
any existing flood problems, it does provide a 
means for distributing monetary flood losses in 
the form of an annual flood insurance premium 
and, in those situations where insurance premiums 
are subsidized, the federal Flood Insurance Pro- 
gram provides a way of reducing monetary flood 
losses to  the property owner. All of the communi- 
ties located in the Oak Creek watershed which 
have been identified as having flood hazard areas 
have elected to participate in the federal Flood 
Insurance Program. Insurance rate studies for these 
communities have all been completed. I t  is recom- 
mended 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, 
private 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 a mortgage, and that 
the principal source of flood hazard information be 
that developed under the watershed planning pro- 
gram. 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 lcoation of new urban develop- 



ment. It is recommended that the policies of the 
governmental units and agencies responsible for 
such utilities and facilities within the watershed 
be designed to  complement the floodland recom- 
mendations for the Oak Creek watershed and the 
recommended primary environmental corridor 
protection plan subelement. 

Public awareness of the existence of a comprehen- 
sive watershed plan may serve to reduce or prevent 
flooding problems in the Oak Creek watershed. It  
is recommended that residents of the watershed be 
informed of the existence of this study through the 
news media and through a public hearing on the 
recommended plan. 

The continuous stream gaging station and the 
partial record crest and staff gages located within 
the Oak Creek watershed provide critical data 
required for rational management of the surface 
water resources. Discharge-frequency relationships, 
flood stage profiles, and other information obtained 
from the hydrologic-hydraulic simulation model 
were developed and used in the Oak Creek water- 
shed study. It is recommended that the continuous 
streamflow monitoring gage installed at the first 
15th Avenue crossing of Oak Creek continue to be 
operated. It  is also recommended that the crest 
stage and low-flow partial record station operated 
by the U. S. Geological Survey at S. Nicholson 
Road continue to be operated and that the Mil- 
waukee Metropolitan Sewerage District and the 
City of Milwaukee continue to maintain the 
existing crest and staff gage network. 

At the Grant Park boat launch at the mouth of 
Oak Creek, chronic sandbar formation seriously 
interferes with boat passage to and from Lake 
Michigan. An evaluation of this problem included a 
review of the previous studies of the problem and 
associated proposals, most of which were not 
implemented because of perceived technical 
inadequacies or lack of funding. A Commission 
analysis of the problem concluded that if a narrow 
navigation channel with fixed boundaries were 
constructed, either natural uncontrolled storm 
runoff from the watershed or flow controlled by 
impoundment could be used on an as-needed basis 
to flush sand from the channel to maintain navig- 
able depths. It  was recommended that the naviga- 
tion channel be constructed to  determine if natural 
runoff alone complemented by a minimal dredging 
effort would suffice for maintenance of recrea- 
tional navigation. If not, it was recommended that 
either a dry dam be constructed on Oak Creek just 

upstream from the Grant Park boat launch specifi- 
cally designed to temporally impound water to be 
used to flush the channel, or that a network of 
diffusers be installed within the navigation channel 
through which water would be pumped to flush the 
accumulated sand. The costs of these alternatives 
range from about $140,000 to  $190,000. 

Based on the fishery data collected under the 
watershed study, the Oak Creek watershed sup- 
ports a dominance of fish that are generally toler- 
ant of the poor water quality conditions and 
degraded physical habitat provided by the stream 
channels. Those problems which have contributed 
to the degradation of the fishery include: 1 )  the 
draining and filling of wetlands adjacent to the 
stream system; 2) the ditching and realignment of 
stream channels; 3) sediment runoff from agricul- 
tural lands and construction sites; 4) extreme 
fluctuations in streamflow; 5) runoff of pesticides 
and fertilizers from urban and rural lands; 6) the 
lack of instream vegetation and cover; 7) the 
presence of nine dams and spillways, as well as the 
occasional sandbar across the mouth of Oak Creek; 
and 8) the lack of appropriate "seed stock" neces- 
sary to restore the depopulated areas of the water- 
shed. Based upon the inventories of the fishery and 
related aquatic life and existing physical habitat 
conditions, stream reaches were rated in terms of 
their aquatic habitat potential. Perennial stream 
reaches totaling 11.1 miles in length are considered 
potentially capable of supporting a balanced 
warmwater fishery and a seasonal coldwater sport 
fishery; perennial stream reaches totaling 8.0 miles 
in length are considered potentially capable of 
supporting a tolerant forage fishery and seasonal 
coldwater sport fishery; and perennial stream 
reaches totaling 2.2 miles in length are considered 
capable of supporting a limited tolerant or very 
tolerant forage fishery. In order to promote a good 
fishery in the watershed, four alternative fish 
management measures were considered. Based on 
these alternatives, it is recommended that the 
following measures be included in the watershed 
plan: 1 )  modification of the Oak Creek Parkway 
(Mill Road) dam by notching the existing structure 
down to the streambed to provide an opening of 
40 feet at  the top of the dam and 10  feet at the 
base of the dam; 2) dredging a portion of the 
accumulated sediments behind the Parkway dam to 
normalize the streambed gradient and to re-create 
stream meanders; 3) removal or modification of 
five sill and drop structures; 4) instream habitat 
mitigation measures; 5) stream bank stabilization 
measures; and 6) an initial fish stocking program. 
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Chapter XI11 

RECOMMENDED WATER QUALITY MANAGEMENT MEASURES 

INTRODUCTION 

The inventory and analysis phases of the Oak 
Creek watershed planning program identified 
flooding and water pollution as water resource 
problems in the watershed. The principal purpose 
of the watershed planning program is to develop a 
workable plan for the resolution of these problems. 
The purpose of this chapter is to present alterna- 
tive 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 abatement measures 
may be expected to mitigate or eliminate the 
point and nonpoint source water pollution prob- 
lems that exist within the watershed, and, based on 
evaluation of the technical, economic, and environ- 
mental 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 
supporting water quality standards, provides an 
important basis for alternative plan design and 
evaluation. An initial set of water use objectives 
and supporting water quality standards was pre- 
sented in Chapter X of this report, together with 
other related objectives and standards. The formu- 
lation of objectives and standards may have to be 
an iterative process 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 unreal- 
istic; new objectives may be suggested; and con- 
flicts between inconsistent objectives may be 
balanced out. This formulation of objectives and 
standards must proceed hand in hand with plan 
design and evaluation. 

The water quality management plan elements 
prepared under other Commission studies include 
recommendations for the abatement of the point 
and nonpoint sources of pollution within the 

Region and the Oak Creek watershed, such as 
sanitary sewer overflows, private wastewater 
treatment plant discharges, industrial wastewater 
discharges, malfunctioning septic tank system dis- 
charges, stormwater runoff from rural and urban 
lands, soil erosion, and livestock waste runoff. The 
water quality management measures described 
herein were designed and should be considered 
as refinements of these recommendations, and, 
importantly, as adjuncts to the basic land use 
development proposal advanced in Chapter XI to  
facilitate the attainment of regional and watershed 
development objectives. 

It  should again be noted that the water quality 
management plan element for the Oak Creek 
watershed, as described herein, is a system level 
plan and, as such, has three functions: 

1. Identification of the type and sources of 
water pollution in the watershed; 

2. Determination of the levels of abatement 
of those sources required to achieve the 
established water use objectives and sup- 
porting standards for the watershed; and 

3. Evaluation of alternative means for achieving 
the required level of pollution abatement 
and identification of the best means con- 
sidering technical practicality, economic 
feasibility, and environmental impact. 

This chapter is organized in the following manner. 
The surface water quality problems of the water- 
shed as identified in Chapter 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 problems are described. Further 
measures required to resolve the remaining prob- 
lems are then explored, and the basis for the 
selection of a recommended water quality man- 
agement plan element provided. The techniques 
used to estimate the extent and severity of the 
water quality problems 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 such as the 
Oak Creek watershed, man's activities significantly 
affect, and are affected by, the quality of surface 
waters. 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 
the desired beneficial uses as expressed in stated 
water use objectives and standards. Thus, surface 
water use objectives and supporting water quality 
standards become an important basis for problem 
identification and plan design and evaluation. 

Water Use Objectives 
The recommended water use objectives and sup- 
porting water quality standards set forth in 
Chapter X of this report thus provide the basis for 
the analyses set forth in Chapter VII and in this 
chapter. Basically, these water use objectives seek 
the maintenance of a healthy warmwater fishery 
and full recreational use of the perennial streams of 
the watershed. 

Accordingly, the water quality standards which 
support the designated water use objectives set 
forth in Table 74 in Chapter X appropriately 
specify a minimum dissolved oxygen level; a 
maximum temperature; a maximum fecal coliform 
count; a maximum residual chlorine level; maxi- 
mum un-ionized ammonia nitrogen and phos- 
phorus levels; and a required range in pH levels. In 
addition, by reference to other federal and state 
regulations, the water use objectives and standards 
incorporate maximum levels for certain other 
water quality indicators, includin a broad range of 
toxic and hazardous substances.' Based upon the 
fishery inventory findings set forth in Chapter 111, 
the channel modification alternatives set forth in 
Chapter XII, and the water quality analyses pre- 
sented in this chapter, the water use objectives and 
supporting standards were reevaluated, as dis- 
cussed below. 

See U. S. Environmental Protection Agency, 
Quality Criteria for Water, EPA Report No. 440/9- 
76-003, Washington, D. C., 1976; National Acad- 
emy of Sciences, National Academy o f  Engineer- 
ing, Water Quality Criteria 1972, EPA Report No. 
R3- 73-003, Washington, D. C., 1974; and Chapter - .  
NR 104 of the Wisconsin ~dministrative Code. - 

Historically, in order to facilitate assessment of 
the potential effects of point sources of pollution, 
water quality standards were developed for appli- 
cation to specified periods of low flow, such as 
a 7 day-10 year low-flow condition. Under this 
historic approach, it was assumed that nonpoint 
sources of pollution had an insignificant effect on 
water quality conditions, and that the worst water 
quality conditions therefore occurred during 
periods of low flow. However, more recent studies, 
including those conducted by the Commission 
under its regional water quality management 
planning program, indicate that water quality 
standards may be violated not only during periods 
of low flow, but also during and following rainfall 
events occurring after long periods of dry weather 
during which pollutants build up on the land 
surface. This finding requires a new approach 
to the application of water quality standards- 
an approach which considers and assesses the 
proportion of the total time that water quality 
conditions may be expected to meet specified 
standards. Under this approach, statistical analyses 
are conducted on the results of water quality 
simulation modeling 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, and 
residual chlorine. A 90 percent compliance level 
was selected for those parameters which do not 
directly affect aquatic organisms, but are primarily 
related to recreational use-fecal coliform and 
phosphorus. For pH, a permitted range in values is 
established which should be met during all flow 
conditions. Standards for un-ionized ammonia 
nitrogen are established to protect against acute 
and chronic toxicity, and should also be met 
during all flow conditions. 

The levels of pollution control which are techni- 
cally practicable and economically sound also 
influence the extent to which the desired "fishable- 
swimmable" water use objectives 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 are based 
upon a highly advanced technology. Moreover, 
point sources of pollution and the attendant 
effects on surface water quality conditions can 
be more readily and accurately quantified because 
of the manner in which the pollutants are intro- 
duced into the surface water systems. Nonpoint 



source pollution control measures and practices are 
based upon a less advanced technology. Moreover, 
nonpoint sources and the attendant effects on 
surface water conditions cannot be as readily or as 
accurately quantified as can point sources. Knowl- 
edge 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 must be esti- 
mated as accurately as possible from case s t ~ d i e s . ~  
Technically practicable control measures to reduce 
the pollutants released and carried by stormwater 
runoff vary in effectiveness from about a 5 percent 
reduction for some urban practices, including 
improved leaf and lawn clipping collection and 
disposal practices, to about a 50 percent reduction 
for some stormwater storage measures. 

Historic Surface Water Pollution 
A careful examination of available water quality 
data for the Oak Creek 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 Oak Creek 
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, are attributable to point 
sources, such as discharges from sanitary sewerage 
system flow relief devices, and to both urban and 
rural nonpoint sources. Urban nonpoint source 
fecal coliform loadings are primarily contributed 
from pet waste and leakage from failing septic tank 
systems. Rural nonpoint source fecal coliform 
loadings are primarily contributed from animal 
wastes. Other less extensive pollution problems 
in the watershed include the presence of toxic 

2 ~ e e  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, s ta te  of the Art of Water Pollution control 
in southeastern ~Zconsin.  Volume Three. 
Storm Water Runoff, and Volume FOU;, 
Storm Water RunofG July 1977. 

Urban 
Rural 

and hazardous substances, depressed dissolved 
oxygen levels, and excessive nutrient concentra- 
tions, particularly phosphorus, under wet weather 
conditions. 

Pollution Sources 
Point sources of water pollution in the Oak Creek 
watershed include three municipal sanitary sewer- 
age system flow relief devices and 18 industrial 
wastewater discharge outfalls. However, in 1980 
these point sources were estimated to  contribute 
less than 1 percent each of the nitrogen, phos- 
phorus, biochemical oxygen demand, fecal coli- 
form, and suspended solids contributed annually t o  
the surface waters of the watershed. 

Pollutant loading analyses conducted under the 
regional water quality management planning 
program, and confirmed under the watershed 
study, indicated that nonpoint sources of pollu- 
tion-both rural and urban-accounted for the 
majority of pollutants that were transported to the 
surface water system. Commission inventories 
indicated that in 1980, more than 99 percent of 
the nitrogen, phosphorus, biochemical oxygen 
demand, fecal coliform, and suspended solids 
were contributed to the surface water system of 
the watershed by nonpoint sources of water 
pollution. These pollutant loadings occur during 
wet weather conditions, when surface water runoff 
acts to transport pollutants to the stream system of 
the watershed. 

About 8 1  percent of the urban area, and 38 
percent of the total area of the Oak Creek water- 
shed, is provided with engineered stormwater 
drainage systems. Therefore, much of the direct 
runoff from urban areas enters the surface water 
system through storm sewer outfalls located along 
the streams and watercourses, with the remaining 
direct runoff entering the surface water systems 
through open stormwater 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 
stormwater channels or agricultural drainage 
systems, or as sheet flow. 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 surface water runoff 
from urban and rural lands provide 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 and PCB's, may exist 
in the surface water system of the Oak Creek 
watershed. The presence of toxic and hazardous 
materials is also supported by the fishery survey 
undertaken as part of the watershed study. That 
survey found a lack of aquatic life in stream 
reaches with characteristics that should otherwise 
support warmwater species if toxic or other 
stressful conditions were not present. 

Toxic and hazardous materials have not been 
traced to any one particular source or group of 
sources in the watershed. Potential sources, how- 
ever, include municipal and industrial wastewater 
discharges and nonpoint source contributions, such 
as excessive application of pesticides and herbicides 
in both rural and urban areas and washout and 
fallout of toxic material from the atmosphere. 
Such washout and fallout may include lead, 
chromium, mercury, and nickel. A potential also 
exists for transmission of toxic and hazardous 
substances from unconfined leachate that origi- 
nates in solid waste disposal sites. There are 11 
known abandoned landfill sites in the Oak Creek 
watershed, of which five are located immediately 
adjacent to the watershed stream system. These 
landfills have all been classified by the Wisconsin 
Department of Natural Resources as having been 
properly abandoned; however, the potential 
may still exist for surface and groundwater con- 
tamination from these sites. 

Measures Already Underway, or Committed, 
to Resolve Pollution Problems 
Substantial efforts have already been initiated to 
eliminate some of the major sources of water 
pollution and thereby abate the pollution problems 
of the Oak Creek 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 Pollutant 
Discharge Elimination System. As described in 
Chapter IX 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 
Control Act of 1972. The system requires a state 
permit 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. As noted in 
Chapter IX, the 18  industrial wastewater outfalls in 
the watershed are controlled through regulation 
under this system. 

As already noted, there were three sanitary sewer- 
age flow relief devices present in the watershed in 
1983. The one existing flow relief device located 
in a portion of the City within the watershed was 
abandoned in April 1984 as a result of the sanitary 
sewer system rehabilitation projects in the City of 
Oak Creek. Furthermore, pollution from two 
additional flow relief devices in an area of the 
City of South Milwaukee within the watershed will 
be significantly reduced as a result of sanitary 
sewer system rehabilitation projects scheduled for 
completion in mid-1984. This rehabilitation work 
will eliminate the need for the operation of these 
devices in all but the most extreme circumstances; 
consequently, untreated sanitary sewage should 
only infrequently spill from these devices into the 
surface waters of the Oak Creek watershed. 

With regard to nonpoint source pollution control, 
the U. S. Soil Conservation Service, working with 
the Milwaukee County Department of Parks, 
Recreation and Culture, designed and helped install 
approximately 1,000 feet of stream bank protec- 
tion measures along the Oak Creek Parkway in the 
City of South Milwaukee from 1981 through 1983. 
The cost of these protection measures, $110,000, 
was shared by the Wisconsin Department of 
Natural Resources under the local priority project 
portion of the Wisconsin nonpoint source water 
pollution abatement program. Installation of these 
measures is expected to reduce the severe stream 
bank erosion in the areas treated and associated 
deposition of sediment into the stream, with an 
anticipated improvement in downstream water 
quality conditions. 

ANALYSIS OF ALTERNATIVE WATER 
QUALITY MANAGEMENT PLAN ELEMENTS 

Analytic Framework and Assumptions 
A review of available data on water pollution 
problems and on pollution sources in -the Oak 
Creek watershed, and efforts underway to abate or 
eliminate those sources, indicates that progress is 
being made toward eliminating certain sources of 



pollution in the Oak Creek watershed. In consid- 
eration of the basic pollution abatement program 
already in progress, the water quality analyses 
under the Oak Creek watershed planning program, 
including water quality simulation modeling 
studies, were conducted within the framework of 
the committed actions and related assumptions set 
forth below. 

Industrial Wastewater Discharges: The water 
quality management element of the Oak Creek 
watershed plan assumes that pollutants that are 
transported through industrial wastewater outfalls 
to  the surface water system of the watershed 
will be reduced to acceptable levels through the 
operation of the Wisconsin Pollutant Discharge 
Elimination System (WPDES). Currently, industrial 
discharges in the Oak Creek watershed consist 
of cooling, process, and backwash waters, as well 
as stormwater, that do not contain significant 
amounts of pollutants. Consequently, these dis- 
charges should not have significant adverse water 
quality impacts. Existing water quality conditions, 
however, indicate that there may be some unre- 
ported discharges which may be contributing to  
excessive concentrations of toxic and hazardous 
substances in the surface waters of the watershed. 
These excessive concentrations may also be caused 
by toxic and hazardous substances contained in 
stream bottom sediments. The estimated existing 
and year 2000 discharges from the existing indus- 
trial wastewater outfalls in the Oak Creek water- 
shed are presented in Table 87. Year 2000 flows 
were estimated to be unchanged from existing 
flows based upon consideration of existing and 
projected employment levels for the industry 
groups represented. Those data indicate no appre- 
ciable employment increases in the industrial 
groups. The table also presents the maximum 
permitted pollutant concentrations in the waste- 
water as set forth in the WPDES permits. 

Existing and Plan Year 2000 Land Use Conditions: 
The existing land use conditions and plan year 
2000 land use conditions in the Oak creek water- 
shed, as described in Chapter I11 and Chapter XI of 
this report, provided the basis for estimating the 
extent and probable impacts on surface water 
quality conditions of land use changes in the 
watershed and, more importantly, for examining 
the nonpoint source pollution problem and alter- 
nate solutions thereto under the water quality 
management 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. The 
identification of the probable future pollution 
problems and attendant sources was based upon 
careful consideration of the historic data, projected 
industrial wastewater discharges, existing and 
planned land use patterns within the watershed, 
and the results of water quality simulation model- 
ing studies. The historic water quality data pro- 
vided information on various types of pollution 
which could not be assessed by the simulation 
studies, such as toxic substances and sediments. 
The presence of these substances may affect the 
beneficial use of the surface water resources. 
The water quality simulation model was used to 
quantify both existing and probable future water 
quality conditions and to assess the impact of 
implementing the recommended year 2000 land 
use plan, together with various alternative pollu- 
tion control measures. The simulation model 
results were compared against the water quality 
standards supporting the intended water uses in 
order to identify and define the pollution problems 
and probable sources. 

Use of the Simulation Model: As noted in Chapter 
VIII of this report, the principal purpose of devel- 
oping and calibrating the water resource simulation 
model under the Oak Creek watershed study was 
to provide a tool for quantifying watershed hydro- 
logic, hydraulic, and water quality conditions 
under existing and various possible future devel- 
opment conditions and management measures 
within the watershed. The water quality simulation 
work was conducted under the areawide water 
quality management planning program. That 
modeling work was reviewed and found to be 
suitable for use in the Oak Creek watershed plan- 
ning program, a systems level planning effort. The 
results of the water quality simulation modeling 
are discussed below. 

In using the water quality simulation model to 
analyze the impact of the year 2000 land use plan 
and alternative pollution abatement measures on 
water quality conditions, the watershed was 
represented by the existing stream channel system 
and year 2000 planned land use-floodland develop- 
ment conditions. The watershed land surface was 



Table 87 

EXISTING AND FORECAST YEAR 2000 INDUSTRIAL WASTEWATER 
DISCHARGE QUANTITIES I N  THE OAK CREEK WATERSHED 

Source: Wisconsin Department of Natural Resources and SEWRPC. 



represented by 20 water quality land segments. 
Each of the 20 land segments was assigned one of 
14  hydrologic water quality land segment types 
developed for the watershed-ach type having 
specified land use, meteorological station, and 
hydrologic soil group characteristics. Water quality 
simulation results were obtained for eight locations 
within the watershed, as shown on Map 66. Input 
data base development and the calibration of the 
water quality submodel are described in Chapter 
VIII of this report. Streamflow was continuously 
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- 
cating the hydrologic characteristics of, a 10-year 
period, beginning in January 1965 and used in 
previous Commission studies as representative of 
hydrologic conditions in the Region. 

To further define and quantify the water quality 
problems which exist in the Oak Creek 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 industrial point source 
discharges. The simulation modeling results for the 
existing conditions provided a basis of comparison 
for the results of the simulation modeling of 
probable future conditions, and for determining 
the effects of future land use and channel condi- 
tions and alternative pollution abatement measures 
on water quality conditions. 

Continuous water quality simulation produces 
sufficient water quality data to allow water quality 
conditionduration relationships to be developed. 
These relationships may be used to quantita- 
tively evaluate the impact of the full spectrum of 
hydrologic-hydraulic water quality phenomena on 
instream water quality conditions, and to provide a 
comparison to water quality standards for existing 
conditions, as well as planned or projected future 
conditions. 

Simulation Results Under Existing and Plan Year 
2000 Conditions: Review of the simulation model 
study results,-as summarized in Table 88, verifies 
the conclusion derived from the inventory data 
that under existing conditions in the Oak Creek 
watershed, water quality generally does not meet 
recommended water use objectives and supporting 
water quality standards for warmwater fishery and 
aquatic life and recreational use. Existing condition 

Map 66 

SIMULATED WATER QUALITY OUTPUT 
LOCATIONS IN  THE OAK CREEK WATERSHED 

For purposes of water quality simulation modeling, the watershed 
land surface was represented by 20 water quality land segments. 
Each of the 20 land segments was assigned one of 14 hydrologic 
water quality land segment types developed for the watershed-each 
type having specified land use, meteorological station, and hydro- 
logic soil group characteristics. The water quality land segment 
types were the basis for simulating the transport of Pollutants from 
the land wrface to the stream system via surface runoff or ground- 
water flow. Characteristics of each land regment 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 quaiity 
simulation results are presented for eight locations, as shown on 
this map. Water quality simulation results are not presented for the 
Oak Creek estuary because accurate rimulation of water quality 
conditions in the estuary requires further study of the complex 
hydraulic, water quality, and sediment interactions occurring in 
this environment. 

Source; SEWRPC. 

simulation results indicate that fecal coliform and 
phosphorus levels generally do not meet recom- 
mended standards throughout the watershed. The 
standard for un-ionized ammonia nitrogen is vio- 
lated in Oak Creek at 15th Avenue. Temperature, 
dissolved oxygen, and pH standards are met under 
existing conditions throughout the watershed. As 
shown on Map 67, the simulation model studies 
indicate that none of the 25 miles of streams 



Table 88 

SUMMARY OF SIMULATED WATER QUALITY CONDITIONS IN THE OAK CREEK 
WATERSHED UNDER EXISTING AND ALTERNATIVE FUTURE CONDITIONS 

'The existing conditions represent 1975 conditions. The year 2000 condition represents plan year 2000 land use, recommended point source controls, and no nonpoint 
source poNution control. The 50 percent reduction alternative represents year 2000 planned land use conditions with recommendedpoint source controls plus a 50 Per- 
cent reduction in nonpoint source pollutant loading. The 75 percent reduction alternative represents year 2000 planned land use conditions with recommended point 
source controls plus a 75percent reduction in nonpoint source pollutant loading. 

Water Quality 
Parameter and 

Alternative 
~ o n d i t i o n ~ ' ~  

Temperature 
Existing 
Year 2000 
50 Percent Reduction 
75 Percent Reduction 

Dissolved Oxygen 
Existing 
Year 2000 
50 Percent Reduction 
75 Percent Reduction 

Phosphorus 
Existing 
Year 2000 
50 Percent Reduction 
75 Percent Reduction 

Un-ionized 
Ammonia Nitrogen 

Existing 
Year 2000 
50 Percent Reduction 
75 Percent Reduction 

Fecal Coliform 
Existing 
Year 2000 
50 Percent Reduction 
75 Percent Reduction 

blndicates that the applicable standard is not achieved for the recommended percent of time. 

'indicates that the chronic toxic criteria for un-ionized ammonia nitrogen, which should be met by the average concentration over any 30-consecutive-day period, are 
violated. The acute toxic criteria for un-ionized ammonia nitrogen, which should never be exceeded, are not violated at any sites. 

dThe recommended range in pH values of a minimum of 6.0 standard un ih  and a maximum of  9.0 standard units was not violated under existing or year 2000 conditions. 

Mitchell Field 
Drainage Ditch 
Upstream of 

Confluence with 
Oak Creek 
Main Stem 

99 
99 
99 
99 

98 
98 
98 
98 

7sb 
7zb 
8sb 
98 

3sb 
5ob 
8zb 
8gb 

Source: SEWRPC. 

Oak Creek at 
Confluence 

with 
Lake Michigan 

100 
100 
100 
100 

99 
99 
99 
99 

76b 
68b 
~3~ 
92 

1 3b 
6zb 
~5~ 
8sb 

North Branch 
of Oak Creek 
Downstream 

from 
Drexel Avenue 

99 
99 
99 
99 

98 
98 
98 
98 

71 
61 
75b 
92 

2b 
61 
82b 
89 

studied meet all of the recommended water quality 
standards for the support of warmwater fish and 
aquatic life and recreational use. 

The water quality conditions in the Oak Creek 
watershed were simulated under design year 2000 
planned conditions including planned land use 
conditions, and assuming implementation of 
recommended point source abatement measures. 
The plan year 2000 conditions assume elimination 

of all sanitary sewerage system flow relief devices 
in the watershed, no changes in flow volumes from 
existing industrial waste discharges, and the provi- 
sion of sanitary sewer service to all residents of the 
watershed, thus eliminating all pollution from 
septic tank systems. The continued discharges from 
industrial waste outfalls, consisting of process, 
cooling, and backwash waters with pollutant 
concentrations that would be limited in accordance 
with WPDES permit requirements, would not 

North Branch 
of Oak Creek 
Upstream of 
Confluence 

with Oak Creek 
Main Stem 

99 
99 
99 
99 

99 
99 
99 
99 

71 
67b 
81 
92 

1 4b 
64b 
~2~ 
90 

Achieves the 

Oak Creek at 
Chicago & North 
Western Railway 

99 
99 
99 
99 

98 
98 
98 
98 

81 
6ob 
8zb 
93 

- 

1 6b 
6sb 
~5~ 
91 

Recommended Standard 

Oak Creek 
at 

15th Avenue 

99 
99 
99 
99 

98 
98 
98 
98 

72b 
7ob 
~3~ 
94 

C 

C 

14 
61b 
~4~ 
90 

Percent of Time 

Oak Creek 
Upstream of 
Confluence 

with 
North Branch 

99 
99 
99 
99 

99 
99 
99 
99 

88 
7sb 
gob 
98 

1 4b 
65b 
~5~ 
91 

Simulated Value 

Oak Creek at 
Chicago, 

North Shore 
& Milwaukee 

Railroad 

99 
99 
99 
99 

99 
99 
99 
99 

76b 
7ob 
8zb 
95 

~5~ 
91 



Map 67 

WATER QUALITY SIMULATION RESULTS FOR THE OAK CREEK WATERSHED: EXISTING - - .  .- 
(1975) LAND USE CONDITIONS AND FORECAST (2000) LAND USE CONDITIONS 

ASSUMING PLANNED POINT SOURCE POLLUTION ABATEMENT MEASURES 

LEGEND - S T R W  RE-ES T M T  -0 NOT MEET 
THE WATER W I T Y  ST-RDS FOR 
WCREATITlrXU4L USE A h a  W A W A T B R  
FISU AND ACLUrIC LlFE 

.,: ' . .  . 
;-?+*, i 

-- 
Water quslitv simulation modeling study date supported by water quality sampling data indicate that under existing conditions, none of the 
stream reaches within the watershed meet the water use objective and supporting water quality standards for recreational ow and the suppon 
of warmwater fish and aquatic life. Under plan year 2000 land use conditions and with point source control, but without nonpoint saurce 
Control, same improvement in water quality conditions, particularly in fecal coliform levels, m y  be expened. Howevsr, increased urbanize: 
tion, with attendant increases in nonpoint source Pollution contributions to the surface water system, may be expected to partially offset the 
reduced Pollutant loedings from the Elimination of Point sources in the watershed. Consequently, water quailty conditions would continue not 
t o  satisfy the initially remrnmended water quality standards. 

Source: SEWRPC. 
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be expected to have an adverse water quality 
impact. A potential increase in industrial waste- 
water discharges was also analyzed, with the results 
indicating that even significantly increased waste- 
water flow discharges from industrial sources 
would not have significantly adverse water quality 
impacts, provided those discharges consisted 
primarily of noncontact cooling waters and con- 
tained pollutant concentrations that were limited 
to levels required by WPDES permits. Under plan 
year 2000 conditions, the simulation model studies 
indicate some improvement in water quality 
conditions, particularly in fecal coliform levels. 
The decrease in fecal coliform levels shown in 
Table 88 is primarily attributable to the elimina- 
tion of malfunctioning septic tank systems. The 
reduced pollutant loadings from the elimination of 
sanitary sewerage system flow relief devices and 
the provision of sanitary sewer service to those 
portions of the watershed not presently sewered, 
however, may be partially offset by increased 
urbanization, with attendant increases in nonpoint 
source pollution contributions to the surface water 
system. Consequently, water quality conditions 
generally would not satisfy the recommended 
water quality standards, as shown in Table 88. 
More specifically, violations of the un-ionized 
ammonia nitrogen and phosphorus standards may 
be expected to continue, as may violations of 
the fecal coliform standard. The recommended 
standards for temperature, dissolved oxygen, 
and pH may be expected to continue to  be met 
under future conditions. The water quality simu- 
lation results for future land use and plan year 
2000 point source controls, but without nonpoint 
source control beyond existing levels, are also 
summarized on Map 67, which indicates that, as 
under existing conditions, none of the 25 miles of 
streams studied would fully meet the "fishable- 
swimmable" standards. 

ALTERNATIVE NONPOINT SOURCE WATER 
QUALITY MANAGEMENT PLAN ELEMENTS 

Based upon measured historic and simulated 
surface water quality conditions in the Oak Creek 
watershed, the problems to be addressed in the 
development of alternative water quality manage- 
ment measures include excessive fecal coliform 
counts, excessive nutrient concentrations, and the 
presence of toxic and hazardous substances. 
Historic water quality 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 water- 
shed. These results indicate that the primary 
sources of fecal coliform bacteria are urban and 
rural nonpoint sources-in particular, malfunction- 
ing septic tank systems-rather than point source 
contributions. For toxic and hazardous substances, 
the limited data indicate that unreported point 
source discharge of such substances may be occur- 
ring within the Oak Creek watershed. 

Alternative Reductions in 
~ o n ~ z n t  Source Loadings 
A wide variety of management measures are 
available for controlling nonpoint sources of water 
pollution. The task of formulating a plan element 
for the abatement of these sources requires a 
somewhat different approach than would be used 
to formulate a plan element for point source 
pollution abatement. Different sets of physical 
measures for nonpoint source pollution abatement 
must be set forth for specific geographic subareas 
of the watershed. However, at  the systems level of 
planning, the examination of alternative water 
pollution abatement plans must, as a practical 
matter, be limited to the degree of control neces- 
sary to meet the standards for each water quality 
analysis area. The development of site-specific 
practices requires detailed consideration of a 
great many factors, including 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 
nonpoint source control measures was accordingly 
accomplished by evaluating various levels of 
nonpoint source pollutant reductions upstream of 
each simulation output site under plan year 2000 
land use conditions. Because of the site-specific 
nature of nonpoint sources, specific measures at  
specific locations cannot be recommended at the 
systems planning level. Rather, the level of reduc- 
tion in pollutant loading needed to meet water use 
objectives and supporting water quality standards 
was identified. This required level of reduction in 
pollutant loading was used as the basis for the 
development of preliminary alternative combina- 
tions of nonpoint source control measures. The 
control measures were selected from the spectrum 
of possible management measures developed by 
the Commission under its regional water quality 



planning program, and evaluated in the Nation- 
wide Urban Runoff Program study for Milwau- 
kee 

Simulation Model Application Results: Simulation 
model studies were used to determine the impact 
on surface water quality conditions of the reduc- 
tions in nonpoint source land surface loadings. The 
simulation model inputs representing plan year 
2000 land use conditions and channel modifica- 
tions were altered to represent the reduction in 
land surface loading rates and in the resultant 
runoff loadings. This was accomplished by reduc- 
ing the pollutant loading rates for both impervious 
and pervious surfaces, as well as the concentrations 
of pollutants in subsurface flow, by a factor con- 
sistent with the reduction desired. The reduced sub- 
surface flow concentrations accordingly reflected 
the expected reduction in the concentration of 
pollutants in the groundwater as the result of 
implementation of land management practices. The 
reduction factor was applied equally to all simu- 
lated water quality constituents. 

As already noted, the simulation of water quality 
conditions under existing land use, channel, and 
pollutant loading conditions indicated that stan- 
dards for phosphorus and fecal coliform are 
currently violated throughout the watershed, as 
indicated in Table 88. In addition, the standard 
for un-ionized ammonia nitrogen is violated at one 
site--Oak Creek at 15th Avenue. The simulation 
of water quality conditions under plan year 2000 
land use, existing channel, and point source abate- 
ment conditions indicated a continuation of 
substandard fecal coliform, phosphorus, and 
ammonia nitrogen levels. 

As shown in Table 88, the simulation model 
studies indicated that a 50 percent reduction 
in nonpoint source pollutant loadings, applied 
to both the rural and urban areas of the water- 

3 ~ e e  SEWRPC Technical Report No. 18, State o f  
the Art o f  Water Pollution Control in Southeastern 
Wisconsin, Volume Three, Urban Storm Water 
Runoff ,  and Volume Four, Rural Storm Water 
Runoff ,  1977; and Wisconsin Department of  
Natural Resources and Southeastern Wisconsin 
Regional Planning Commission, Evaluation o f  
Urban Nonpoint Source Pollution Management 
in Milwaukee County, Wisconsin, Volume Two,  
Feasibility and Application o f  Urban Nonpoint 
Source Water Pollution Abatement Measures, 
Nationwide Urban Runoff  Program, 1983. 

shed under plan year 2000 land use, channel, 
and point source abatement conditions, may be 
expected to result in significant reductions in fecal 
coliform bacteria, un-ionized ammonia nitrogen, 
and phosphorus levels. The simulation studies 
indicated that although water quality conditions 
may be expected to improve significantly, the 
standards for phosphorus and fecal coliform would 
continue to be violated. Assuming a 75 percent 
reduction in nonpoint source pollutant loadings, 
the simulation model studies indicated that the 
recommended standards for phosphorus and 
un-ionized ammonia nitrogen may be expected to 
be met, and that the standard for fecal coliform 
may be met at  five of the eight simulation output 
sites. The violations of the fecal coliform standard 
indicated at the remaining three output sites were 
all minor, and the standard could accordingly be 
considered to be essentially met under this level of 
reduction throughout the watershed. 

Based upon the results of the simulation modeling, 
the installation of measures designed to achieve a 
75 percent reduction in pollutant loadings from 
nonpoint sources would be required in order to 
fully achieve the standards for fecal coliform 
bacteria and phosphorus. For un-ionized ammonia 
nitrogen, less than a 50 percent reduction in 
pollutant loadings from nonpoint sources would 
be required. 

Other Considerations: The application of nonpoint 
source control measures may be expected to result 
in the reduction of constituents besides those 
represented in the water quality simulation model, 
including certain toxic substances and sediment 
which accumulate on the land surface and are 
washed off during rainfall or snowmelt events. 
Since some toxic substances are attached to  fine 
soil particles, similar to the way in which phos- 
phorus is attached, the reduction in toxic sub- 
stances from nonpoint sources would likely be 
similar to the reduction in phosphorus, as shown in 
Table 88.. Much of the sediment transported in the 
Oak Creek watershed currently originates from 
agricultural areas where the soil is periodically 
exposed as a result of stream bank erosion, and at 
construction sites where the land surface has been 
disturbed. Agricultural soil conservation measures 
on the relatively small area of land expected to 
remain in agricultural use through the year 2000, 
stream bank protection measures, and construction 
erosion control measures can be effective in 
reducing sediment contributions from these 
sources. Reductions in excess of 50 percent may be 
achieved using 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. Alternative groups of nonpoint 
source control measures that were evaluated 
for the Oak Creek watershed are summarized in 
Table 89. Costs of the nonpoint 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 Wisconsin, Volume Three, 
Urban Storm Water Runoff, and Volume Four, 
Rural Storm Water Runoff, 1977; and in Wisconsin 
Department of Natural Resources and South- 
eastern Wisconsin Regional Planning Commission, 
Evaluation of Urban Nonpoint Source Pollution 
Management in Milwaukee Countv. Wisconsin. 
Volume Two, Feasibility and Application of 
Urban Nonpoint Source Water Pollution Abate- 
ment Measures. 1983. 

The simulation model studies indicated that 
significant reductions in nonpoint source pollutant 
loadings will be needed to fully attain the water 
quality standards for fecal coliform bacteria, 
phosphorus, and un-ionized ammonia nitrogen. 
The purpose of this section of the chapter is to 
identify and briefly describe alternative nonpoint 
source control measures which may be used to 
achieve the required reductions in nonpoint 
sources of pollutants. Nonpoint source control 
measures are closely related to land use in that 
there is one set of control measures generally 
suitable for urban lands and another, quite differ- 
ent, set of nonpoint source control measures 
generally suitable for agricultural or rural lands. 
The alternative nonpoint source control plans 
for urban lands and rural lands set forth below 
would provide, as may be required, an approximate 
25 percent or a 50 percent to 75 percent reduction 
in loadings of most pollutants. 

Control of Urban Nonpoint Sources: Three alterna- 
tive sets of nonpoint source water pollution 
control measures were considered for urban lands. 
The first, or minimum, set of measures consists of 
the basic land management measures which were 
recommended in the regional water quality man- 
agement plan for application in all urban areas of 
the Region. The second set of measures consists of 
the minimum set together with certain additional 

measures, including centralized stormwater storage 
facilities. The third set of measures consists of the 
minimum set together with certain additional I 
measures, including decentralized stormwater stor- 
age facilities. ~ 
The minimum urban nonpoint source control plan 
identified in Table 89 includes public education 
programs, litter and pet waste control, construc- ! 
tion site erosion control, reduced use of fertilizers 
and pesticides, industrial and commercial material 
storage facility control, and minor changes in I 
municipal street sweeping, leaf collection, and 
catch basin cleaning operations. In general, imple- 
mentation of these measures may be expected to I 

I 

achieve an approximate 25 percent reduction in 
loadings of most pollutants from urban sources, 
although certain practicessuch as construction 
site erosion control-would achieve substantially 1 
higher reductions in certain pollutants. In addition, 
the provision of sanitary sewer service to all 
developed areas of the watershed would eliminate I 
pollutant loadings from malfunctioning septic 
tank systems. If only these minimum control 
measures were implemented in the Oak Creek 1 
watershed, the temperature, dissolved oxygen, and I 

un-ionized ammonia nitrogen standards would be 
fully met in d l  major stream reaches. The fecal 1 

1 
coliform -ud phosphorus standards, however, , 
would be met only about 70 percent of the time, 
rather than the recommended 90 percent of the 1 
time. Oak Creek and its major tributaries could 
not, therefore, be considered to be fully suitable 
for recreational use, although the water quality 
conditions would support a warmwater fishery. 

The additional urban nonpoint source control 
plans described in Table 89--one with centralized 
stormwater storage and one with decentralized 
stormwater storage-include the minimum mea- 
sures plus stream bank protection; improved 
street maintenance; increased municipal street 
sweeping, leaf collection, and catch basin cleaning 
operations; and stormwater retention and storage 
and infiltration measures. These additional mea- 
sures may be expected to achieve an approximate 
50 to 75 percent reduction in all pollutant loadings 
from urban sources. With the implementation 
of these additional measures, the fecal coliform 
and phosphorus standards as well as the tempera- 
ture, dissolved oxygen, and un-ionized ammonia 
nitrogen standards would be fully met, and the 
major streams would be fully suitable for recrea- 
tional use. 



Table 89 

ALTERNATIVE GROUPS OF NONPOINT SOURCE WATER POLLUTION 
CONTROL MEASURES FOR THE OAK CREEK WATERSHED 

a ~ h e  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. The level of control achieved 
varies substantially for different pollutants. 

b~ategories of measures are presented here for general analysis purposes only. Not all measures are applicable to, or recommended for, all 
parts of the Oak Creek watershed. 

Measures t o  Control 
Nonpoint Source Pollution 

f rom Rural Areas b 

Public education programs; 
fertilizer and pesticide manage- 
ment; critical area protection; 
crop residue management; conser- 
vation tillage; pasture manage- 
ment; contour plowing 

Above minimum measures plus: 
crop rotation; contour strip- 
cropping; grassed waterways; 
diversions; terraces; vegetative 
buffer strips; stream bank pro- 
tection; stormwater storage 

Above minimum measures plus: 
crop rotation; contour strip- 
cropping; grassed waterways; 
diversions; terraces; vegetative 
buffer strips; stream bank pro- 
tection; stormwater storage 

Alternative 
Nonpoint 

Source 
Control Plan 

Minimum 
Nonpoint 
Source 
Control 
Measures 

Additional 
Nonpoint 
Source 
Control 
Measures 
w i th  Cen- 
tralized 
Stormwater 
Storage 

Additional 
Nonpoint 
Source 
Control 
Measures 
wi th Decen- 
tralized 
Stormwater 
Storage 

'sweep all streets in urban areas more often in spring and in fall, require parking restrictions to permit access to curb areas, and sweep com- 
mercial and industrial areas more often than residential areas. 

Source: SEWRPC. 

Approximate 
Level o f  

Pollution 
controla 

25 Percent 

50 t o  75 
Percent 

50 t o  75 
Percent 

In order to achieve the required level of urban 
nonpoint source pollutant loading reductions, 
stormwater storage measures would need to be 
installed in the watershed. Stormwater storage 
measures have been shown to remove more than 
75 percent of some pollutants. Urban nonpoint 
source control measures which do not include the 
storage of stormwater remove substantially less 
than 50 percent of uncontrolled pollutant loadings. 

Measures t o  Control 
Nonpoint Source Pollution 

from Urban Areas b 

Public education programs; litter and pet waste 
control; restricted use o f  fertilizers and pesti- 
cides; construction site erosion control; critical 
area protection; improved timing and efficiency 
of street sweeping, leaf collection, and catch 
basin cleaning; industrial and commercial 
material storage facility control 

Above minimum measures plus: increased street 
sweepingnc leaf collection, and catch basin cleaning; 
improved street maintenance and refuse collection 
and disposal; stream bank protection; centralized 
stormwater storage basins 

Above minimum measures plus: increased street 
sweepingnc leaf collection, and catch basin cleaning; 
improved street maintenance and refuse collection 
and disposal; stream bank protection; onsite storm- 
water storage measures; parking lot  stormwater 
storage measures; decentralized stormwater storage 
basins; stormwater infiltration facilities 

Thus, in order to achieve an overall 50 to 75 
percent reduction in urban nonpoint source 
pollutant loadings, stormwater storage measures 
would need to be implemented in some portions 
of the watershed. Two alternative urban storm- 
water storage alternative plans were considered for 
the Oak Creek watershed: a centralized storage 
alternative plan and a decentralized storage alter- 
native plan. 



The centralized stormwater storage alternative 
plan, as shown on Map 68, would include the 
installation of three retention basins, ranging in 
surface area from six to eight acres and in total 
volume from 30 to 40 acre-feet. The basins, as 
designed for water quality improvement purposes, 
would have a fixed surface water elevation and 
volume. The basins thus would not store additional 
runoff during storm events. The basins could, 
however, be designed to store additional runoff 
and thereby act as flood control measures, this 
issue being addressed in Chapter XII. 

Basin A would be located on the North Branch of 
Oak Creek in U. S. Public Land Survey Section 8, 
Township 5 North, Range 22 East, as shown on 
Map 69. This basin would have a surface area of 
approximately eight acres, and a total volume of 
about 40 acre-feet. The basin would have a tribu- 
tary drainage area of about 2,700 acres which 
would be devoted primarily to industrial and resi- 
dential land uses under plan year 2000 land use 
conditions. 

Basin B would be located on the main stem of Oak 
Creek in U. S. Public Land Survey Section 20, 
Township 5 North, Range 22 East, as shown on 
Map 70. The basin would have a surface area of 
about seven acres and a total volume of about 
35 acre-feet. The basin would have a tributary 
drainage area of about 2,434 acres which would 
be devoted primarily to residential, commercial, 
and industrial use under plan year 2000 land 
use conditions. 

Basin C would be located on the Mitchell Field 
Drainage Ditch in U. S. Public Land Survey Sec- 
tion 4, Township 5 North, Range 22 East, as 
shown on Map 71. The basin would have a surface 
area of about six acres and a total volume of about 
30 acre-feet. The basin would have a tributary 
drainage area of about 1,988 acres which would 
be devoted primarily to transportation and indus- 
trial land uses under plan year 2000 land use 
conditions. 

Together, these basins would treat runoff from a 
combined total drainage area of about 7,122 acres, 
or about 40 percent of the total area of the water- 
shed. All of the basins would retain a permanent 
pool of water with a mean depth of about five feet. 
The basins would receive drainage from areas of 
the watershed having some of the highest nonpoint 
source pollutant loadings. If the retention basins 
were constructed prior to the planned urban 

Map 68 

LOCATION OF STORMWATER RETENTION BASINS 
UNDER THE CENTRALIZED STORMWATER 

STORAGE ALTERNATIVE PLAN 
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Under the centralized normwater storage alternative plan, three 
stormwater retention basins. ranging in surface area from six to 
eight acres each, would be constructed. The basins would have a 
combined volume of about 105 scre-feet and a total tributary 
drainage area of about 7,122 acres, or about 40 Percent of the total 
area of the watershed. The barins would be designed for water 
quality improvement purposes rather than for flood control. 

Source: SEWRPC. 

development, they would also help to control 
sediment loadings from construction site erosion. 
Under the centralized basin plan, those stream 
reaches located above the proposed basins would 
not be expected to fully meet the recommended 
standards for phosphorus and fecal coliform. These 
stream reaches, as shown on Map 72, have a total 
length of about 7.6 miles, or about 36 percent of 
the total perennial stream length in the watershed. 
Use impairment would be slight, however, with 
both the phosphorus and fecal coliform standards 
being met from 70 to  80 percent of the time in 
these stream reaches, rather than the recommended 
90 percent of the time. The temperature, dissolved 
oxygen, and un-ionized ammonia nitrogen stan- 
dards would, moreover, be fully met so that 
fish and other aquatic life in these stream reaches 
would not be adversely affected. 



Map 69 

STORMWATER RETENTION BASIN A UNDER THE CENTRALIZED 
STORMWATER STORAGE ALTERNATIVE PLAN 
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Stormwater retention basin A, located on the North Branch of Oak Creek, would have a surface area of about eight acres, a total 
volume of about 40 a~refeet, and a tributary drainage area of about 2,700 acres. The basin would ramwe Pollutant loadings from 
the headwater drainage area of the North Branch of Oak Creek, which would primarily mnsist of industrial and residential land uses 
under year 2000 land use conditions. 

Source: SEWRPC. 



Map 70 

STORMWATER RETENTION BASIN B UNDER THE CENTRALIZED 
STORMWATER STORAGE ALTERNATIVE PLAN 

LEGEND 

STORMWATER RETENTION BASIN B 
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nwater retention basin 6, located on the main stem of Oak Creek just upstream of the North Branch, would have a surface area 
of about seven acres, a total volume of about 35 acrefeet, and a tributary drainage area of about 2,434 acrer. The basin would 
remove Pollutant loadings from a drainage area expecred to include a mix of residential, commercial, and industrial land use under 
Plan year ZOO0 land use conditions. 

Source: SEWRPC. 

438 



Map 71 

STORMWATER RETENTION BASIN C UNDER THE CENTRALIZED 
STORMWATER STORAGE ALTERNATIVE PLAN 
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Stormwater retention basin C, located on the Mitchell Field Drainage Ditch upstream of Rawson Avenue, would have a surfam area 
of about six acres, a total volume of about 30 acrefset, and a tributary drainage area of about 1,988 acres. The basin would remove 
pollutant loadings from a drainage area which, under plan year 2000 land use conditions, is expected to include a portion of General 
Mitchell Field, and other tranrportation and industrial uses. 

Source: SEWRPC. 



Map 72 

ACHIEVEMENT OF STANDARDS FOR RECREATIONAL USE AND MAINTENANCE OF WARMWATER 
FISH UNDER THE CENTRALIZED STORMWATER STORAGE ALTERNATIVE PLAN 
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Under the centralized normwater storase alternative plan. about 13.7 stream miles, or about 64 percent of the perennial stream miles in the 
watershed. ~ o u l d  be expected to meat a11 01 the water qualiw standards spponing recreational u s  and the maintenance of warmwater fish 
and aquatic life. The remaining 7.6 miles of stream, or about 36percent. located upstream of the three proposed smrmrrater retention barnnr. 
would be expected to continue to violate the standards for phosphorus and fecal coliform organisms. 

Source; SEWRPC. 



Under the decentralized stormwater storage 
alternative plan, smaller retention basins-ranging 
in size from one to two acres in surface area- 
would be constructed within the watershed. The 
retention basins would have individual total 
volumes ranging from 5 to 10 acre-feet. In addition 
to retention basins constructed specifically for this 
purpose, parking lots and other open onsite areas 
could be utilized for the storage or infiltration of 
stormwater. In order to treat stormwater runoff as 
under the centralized stormwater storage alterna- 
tive, approximately 25 storage facilities would 
need to be constructed to serve nearly 50 percent 
of the total watershed. The specific location and 
design of these decentralized facilities would have 
to be based not only upon a site-specific analysis of 
the hydrology and pollution source characteristics 
of the subwatershed areas concerned, but upon 
specific urban development plans, including 
detailed land subdivision and development layouts. 

The decentralized storage facilities would be 
located to receive drainage from areas with rela- 
tively high pollutant loadings, and the basins could 
also serve to reduce sediment loadings contributed 
by construction site erosion during urban devel- 
opment. The facilities could be located so that 
major perennial stream reaches would benefit from 
the high levels of pollutant removal. Accordingly, 
under the decentralized stormwater storage alter- 
native plan, all 21.3 miles of perennial streams in 
the watershed could be expected to meet the 
recommended standards supporting recreational 
use and the maintenance of warmwater fish and 
aquatic life, as shown on Map 73. 

Control of Rural Nonpoint Sources: In the recom- 
mended year 2000 land use plan for the Oak Creek 
watershed, as set forth in chapter XI, only 421 
acres are anticipated to remain in agricultural use 
in the year 2000. It  is expected that those agricul- 
tural soil conservation measures which would entail 
a significant capital investment would be applied 
only to  these 421 acres. No livestock operations 
are expected to  be located within the watershed 
in the year 2000, so livestock waste controls are 
not proposed. Stream bank protection measures 
are proposed for both open land and agricultural 
land areas. 

Two alternative sets of nonpoint source control 
measures were considered for rural lands. The first 
set of measures is referred to  as minimum measures 
and includes basic agricultural soil conservation 
measures with a relatively low capital cost, which 

were recommended in the regional water quality 
management plan for all rural areas. The second 
set of measures is referred to as additional mea- 
sures and would be required to achieve higher 
levels of reduction in rural nonpoint source pollu- 
tant loadings. 

The minimum rural nonpoint source control 
measures identified in Table 89 include public 
education programs, fertilizer and pesticide man- 
agement, critical area protection, crop residue 
managment, conservation tillage, pasture man- 
agement, and contour plowing. These measures 
may be expected to result in an approximate 
25 percent reduction in pollutant loadings from 
rural sources. If only these minimum practices 
were implemented in the Oak Creek watershed, 
rural nonpoint sources could contribute to con- 
tinued violations of the phosphorus and fecal 
coliform standards, thereby precluding some 
recreational use. 

The additional rural nonpoint source control 
measures identified in Table 89 include all of the 
above minimum measures plus crop rotation, 
contour strip-cropping, grassed waterways, diver- 
sions, terraces, vegetative buffer strips, stream bank 
protection, and stormwater storage. These addi- 
tional measures may be expected to achieve an 
approximate 50 to 75 percent reduction in pollu- 
tant loadings from rural sources. With the imple- 
mentation of these additional measures, rural 
nonpoint sources should be controlled sufficiently 
to help achieve the phosphorus and fecal coliform 
standards, thereby providing surface water quality 
conditions suitable for full recreational use. 

Other Pollution Control Measures: Although reduc- 
tions in nonpoint source loadings through the 
measures desciibed above may provide t h e  neces- 
sary surface water quality improvement for most 
pollutants, some additional control measures will 
be necessary in order to achieve the water use 
objectives for the Oak Creek watershed. These 
measures include additional source controls to 
eliminate toxic and hazardous substances from 
surface waters in the Oak Creek watershed in order 
to protect the development of a desired fishery. 
The implementation of the nonpoint 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  
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Under the decentralized stormwater storage alternative plan, all of the 21.3 miles of perennial stream in the watershed would be expected to 
meet the water quality standards supporting recreational use and the maintenance of warmwater fish and aquatic life. This alternative Plan 
would require the installation of approximately 25 one- to two-scre stormwater retention facilities within the watershed, which would treat 

1 
stormwater runoff from nearly 50 percent of the total watershed. 

Source: SEWRPC. 1 



surface water and surface drainage systems, are 
other sources of toxic and hazardous substances 
which should be controlled. 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, chemicals, and other toxic 
and hazardous substances should be altered as 
necessary to eliminate discharge to storm sewers 
and surface watercourses. Possible alternatives 
include discharge to sanitary sewer systems for 
treatment at, and disposal through, public sewage 
treatment plants, pretreatment prior to discharge, 
or elimination of the discharge entirely through 
process modifications. 

Costs: Capital costs and average annual operation 
and maintenance costs for the alternative nonpoint 
source control measures-minimum and additional 
are set forth in Table 90 for the 15-year planning 
period. Costs for additional measures are presented 
for both the centralized and decentralized storm- 
water storage alternative plans. 

Implementation of the minimum nonpoint source 
control measures would have a total capital cost of 
about $5.1 million, almost all of which would be 
for urban measures, only $5,000 being for rural 
measures. Of the total urban capital cost, about 
$4.6 million, or about 92 percent, would be for 
construction site erosion control. This cost would 
be borne primarily by land developers and, ulti- 
mately, by new landowners. The minimum non- 
point source control measures would require an 
average annual operation and maintenance cost 
of about $125,000, of which $110,00O,.or 88 
percent, would be for urban measures; the remain- 
ing $15,000, or 12  percent, would be for rural 
measures. Of the total urban average annual 
operation and maintenance cost, almost $70,000, 
or about 64 percent, would be for construction site 
erosion control. 

Implementation of the additional nonpoint source 
control measures with centralized stormwater 
storage-which includes the minimum measures- 
would have a total capital cost of about $5.77 
million, of which $5.84 million, or 99 percent, 
would be for urban measures and the remaining 
$65,000, or about 1 percent, would be for rural 
measures. About 80 percent of the total urban 
capital cost would be for construction site erosion 
control. The additional nonpoint source control 
measures with centralized stormwater storage 
would require an average annual operation and 

maintenance cost of about $220,000, of which 
about $195,000, or about 89  percent, would be for 
urban measures, and the remaining $25,000, or 
about 11 percent, would be for rural measures. 
About 36 percent of the urban annual operation 
and maintenance cost would be for construction 
site erosion control. 

Implementation of the additional nonpoint source 
control measures with decentralized stormwater 
storage-including the minimum measures-would 
have a total capital cost of about $7.0 million, of 
which about $6.9 million, or about 99 percent, 
would be for urban measures and the remaining 
$65,000, or about 1 percent, would be for rural 
measures. About 67 percent of the total urban 
capital cost would be for construction site erosion 
control. The additional nonpoint source control 
measures with decentralized stormwater storage 
would require an average annual operation and 
maintenance cost of about $285,000, of which 
about $260,000, or about 91  percent, would be for 
urban measures, and the remaining $25,000, or 
about 9 percent, would be for rural measures. 
About 27 percent of the urban annual operation 
and maintenance cost would be for construction 
site erosion control. 

In order to assist public officials, as well as con- 
cerned citizens, in evaluating the financial feasi- 
bility of the alternative nonpoint source control 
measures, the estimated costs were divided into 
public sector and private sector costs. Public sector 
and private sector costs are set forth in Table 91  
for each of the alternative groups of nonpoint 
source control measures considered. Of the esti- 
mated total capital cost of $5.14 million for mini- 
mum nonpoint source control measures, about 
$1.16 million, or about 23 percent, would be 
required for projects in the public sector; the 
remaining $3.98 million, or about 77 percent, 
would be required for projects in the private 
sector. Of the estimated annual operation and 
maintenance cost of $125,000 for minimum 
nonpoint source control measures, about $48,000, 
or about 38 percent, would be required for pub- 
lic sector projects; the remaining $77,000, or 
about 62 percent, would be required for private 
sector projects. 

For additional nonpoint source control measures 
with centralized stormwater storage, about $1.56 
million, or about 27 percent of the capital cost of 
about $5.84 million, would be required for public 
sector projects, and about $4.28 million, or about 



Table 90 

ESTIMATED COST OF ALTERNATIVE NONPOINT SOURCE 
CONTROL MEASURES FOR THE OAK CREEK WATERSHED 

a Capital costs expressed in January 1984 dollars: "Engineering News Record" Construction Cost lndex of 4 109. Operation 
and maintenance costs expressed in January 1984 dollars: U. S. Department of Labor Consumer Price lndex for Wage Earners 
and Clerical Workers of 327.3. 

Nonpoint Source 
Pollution Control Measures 

Urban 
Minimum Measures 

Construction Site Erosion Control. . . . . . . . . . . . . . .  
Industrial and Commercial Material 
Storage Facility Control b. . . . . . . . . . . . . . . . . . . .  

Other Minimum Measures . . . . . . . . . . . . . . . . . . .  
Subtotal 

Additional Measures 
Increased Street Sweeping, Leaf Collection, 

. . . . . . . . . . . . . . . . . . .  and Catch Basin Cleaning. 
Improved Street Maintenance and 

. . . . . . . . . . . . . . . . . . . . . . . .  Refuse Collection. 
. . . .  . . . . . . . . . . . . . . .  Stream Bank Protection .d 

. . . . . . . . . . . . . . .  Centralized Stormwater Storage 
Decentralized Stormwater storagee. . . . . . . . . . . . . .  

Subtotal with Centralized Storage 
(includes minimum) 

Subtotal with Decentralized Storage 
(includes minimum) 

Rural 
Minimum Measures 

f . . . . . . . . . . . .  Minimum Soil Conservation Measures 
Subtotal 

Additional Measures 
. . . . . . . . . . . . . . . . . . . . .  Stream Bank Protection 

. . . . . . . . . . .  Additional Soil Conservation ~easures~ 
Subtotal (includes minimum) 

Total Minimum Measures 
Total Additional Measures with Centralized 

Stormwater Storage (includes minimum) 
Total Additional Measures with Decentralized 

Stormwater Storage (includes minimum) 

minimum urban control measures include public education programs; pet waste and litter control; fertilizer and pesti- 
cide use restrictions; improved timing and efficiency of street sweeping, leaf collection, and catch basin cleaning; and criti- 
cal area protection. 

Estimated 

Total 
Capital 

( 1986-2000) 

$4,640,000 

500,000 
Minimal 

$5,140,000 

~inirnal '  

Minimal 
$ 100,000 

530,000 
1,700,000 
$5,770,000 

$6,940,000 

$ 5,000 
$ . 5,000 

$ 50,000 
10,000 

$ 65,000 

$5,145,000 

$5,835,000 

$7,005,000 

costa 

Average Annual 
Operation and 
Maintenance 

$ 70,000 

10.000 
30,000 

$1 1 0,000 

$ 40,000 

20,000 
5,000 
20,000 
85,000 

$1 95,000 

$260,000 

$ 15,000 
$ 15,000 

$ 5,000 
5,000 

$ 25,000 

$125,000 

$220,000 

$285,000 



Table 90 Footnotes (continued) 
C 
Increased street sweeping, leaf collection, and catch basin cleaning would utilize the equipment needed to provide the 

existing normal level of service. The costs assume that no equipment purchases would be required to provide the increased 
level of service required for pollution control. 

dlncludes the use of three, six- to eight-acre stormwater retention basins. 

e 
Includes the use of one- to two-acre stormwater storage basins, onsite storage measures, parking lot storage measures, and 

infiltration facilities. 

f ~ i n i m u m  soil conservation practices include crop residue management, conservation tillage, pasture management, contour 
plowing, fertilizer and pesticide management, and critical area protection. 

'~dd i t iona l  soil conservation practices include crop rotation, contour strip-cropping, grassed waterways, diversions, terraces, 
and vegetative buffer strips. 

Source: SEWRPC. 

Table 91 

PUBLIC SECTOR AND PRIVATE SECTOR ALTERNATIVE NONPOINT 
SOURCE CONTROL COSTS FOR THE OAK CREEK WATERSHED 

Source: SEWRPC. 

Nonpo~nt Source 
Pollut~on 

Control Measures 

Urban 
M~n~mumMeasures 

Add ~ t ~ o n a l  Measures 
wlth Central~zed 
Stormwater Storage 
(~ncludes m ~ n ~ m u m )  

Add~ t~ona l  Measures 
wlth Decentral~zed 
Stormwater Storage 
(~ncludes m ~ n ~ m u m )  

Rural 
M ~ n ~ m u m  Measures 

Add~ t~ona l  Measures 
(~ncludes m ~ n ~ m u m )  

Total 
M~n~mumMeasures 

Total Add~ t~ona l  
Measures w ~ t h  
Central~zed 
Stormwater Storage 

Total Addit~onal 
Measures w ~ t h  
Decentral~zed 
Stormwater Storage 

Total 

Total 
Cap~tal 

(1986-2000) 

$5,140,000 

5,770,000 

6,940,000 

$ 5,000 

65,000 

$5.1 45,000 

$5,835,000 

$7,005,000 

Annual 
Operat~on 

and 
Ma~ntenance 

$1 10.000 

195.000 

260,000 

$ 15,000 

25,000 

$125.000 

$220,000 

$285,000 

Total 
Cap~tal 

(1986-2000) 

$1,160,000 

1,500,000 

2,060,000 

$ 2,500 

58,000 

$1,162,500 

$1,558,000 

$2.1 18,000 

Total 
Cap~tal 

(1986-2000) 

$3,980,000 

4,270,000 

4,880,000 

$ 2,500 

7,000 

$3,982,500 

$4,277,000 

$4,887,000 
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73 percent, would be required for private sector 
projects. The relatively high private sector capital 
costs would be incurred to control construction 
site erosion on private development land. About 
$127,000, or about 58 percent, of the total annual 
operation and maintenance cost of $220,000 for 
additional nonpoint source control measures with 
centralized stormwater storage would be required 
for projects in the public sector; the remaining 
$93,000, or 42 percent of the cost, would be 
required for projects in the private sector. 

For additional nonpoint source control measures 
with decentralized stormwater storage, about $2.1 
million, or about 30 percent of the capital cost of 
approximately $7.0 million, would be required for 
public sector projects, and about $4.9 million, or 
about 70 percent, would be required for private 
sector projects. Of the annual operation and 
maintenance cost of approximately $285,000 for 
additional measures with decentralized stormwater 
storage, about $162,000, or about 57 percent, 
would be for projects in the public sector, while 
the remaining $123,000, or about 43 percent, 
would be for projects in the private sector. 

The estimated capital costs and operation and 
maintenance costs for the abatement of nonpoint 
sources, as well as for the abatement of point 
sources, are not included in the comprehensive 
watershed plan costs because the water quality 
management plan elements are set forth in the 
regional water quality management plan. The 
estimated pollution control measures needed 
and the associated costs have, however, been 
revised and updated for this comprehensive water- 
shed 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 Oak Creek water- 
shed. These monitoring programs include, but are 
not limited to, periodic basin surveys by the 
Wisconsin Department of Natural Resources, 
beginning in 1954; a Commission water quality 
study conducted from 1964 to 1965; a Commis- 
sion continuous water quality monitoring program 
conducted from 1968 to 1976; and a survey of 
toxic and hazardous substances conducted by the 
Wisconsin Department of Natural Resources in 
1975 and 1976. 

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 Oak Creek watershed. 
First, water quality monitoring can perform a 
surveillance 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 bench- 
mark, can be used to demonstrate and document 
improvements in the water quality of the Oak 
Creek watershed as recommended plan elements 
are implemented. As part of the Commission's 
continuing regional water quality management 
planning program, a technical report for water 
quality monitoring in the Region is to be prepared, 
relying upon the guidance of a special advisory 
body having technical water quality monitoring 
expertise, and including members from potential 
financial support agencies. 

RECOMMENDED NONPOINT SOURCE 
WATER QUALITY MANAGEMENT PLAN 

Three alternative sets of nonpoint source water 
pollution control measures were considered for 
the Oak Creek watershed: minimum measures; 
minimum measures and certain additional measures 
including centralized stormwater storage; and 
minimum measures and certain additional measures 
including decentralized stormwater storage. The 
evaluation of the three sets of measures was based 
on costs, on the likelihood of successful installa- 
tion and continued maintenance of the control 
measures, and on the level of pollutant loading 
reduction which could be expected to be achieved 
and the attendant degree to which the recom- 
mended water use objectives and supporting water 
quality standards could be expected to be met. 

In order to provide water quality conditions which 
would be suitable for full recreational use, includ- 
ing swimming and wading, boating, and sight-seeing, 
in about 70 percent of the perennial stream miles 
within the Oak Creek watershed, the minimum and 
certain additional urban and rural nonpoint source 
control measures, including centralized stormwater 
storage, are recommended. These measures may be 
expected to reduce uncontrolled nonpoint source 
pollutant loadings by up to  75 percent in portions 
of the watershed. This pollutant loading reduction 



is expected to  achieve the phosphorus and fecal 
coliform standards for the stream reaches shown 
on Map 72, thereby preventing the occurrence of 
nuisance growths of aquatic rooted plants and 
algae which could make these stream reaches 
unsuitable and undesirable for recreational use. 
Such recreational activities are an important and 
valuable use of the watercourses, especially within 
the extensive primary environmental corridor 
which borders Oak Creek, as shown on the land use 
plan set forth in Chapter XI. Implementation of 
the recommended nonpoint source water pollution 
control measures, however, is not expected to fully 
meet the recreational water use objectives for 
about 7.6 miles of stream, or about 36 percent 
of the total perennial stream miles in the water- 
shed, also as shown on Map 72. Recreational use 
impairment in these stream reaches would be 
slight, however, with both the phosphorus and 
fecal coliform standards being met from 70 to 80 
percent of the time in these stream reaches, rather 
than the recommended 90 percent of the time. 
Moreover, the temperature, dissolved oxygen and 
un-ionized ammonia nitrogen standards would be 
fully met so that fish and other aquatic life in 
these reaches would not be adversely affected. 

The implementation of the recommended addi- 
tional nonpoint source control measures with 
centralized stormwater storage would require a 
total capital cost of about $5.84 million. The 
recommended control measures would entail an 
average annual operation and maintenance cost of 
about $220,000. 

The decentralized stormwater storage alternative 
plan would allow the recreational use objectives 
to be more fully met. This alternative plan would, 
however, entail an additional capital cost of about 
$1,170,000 and an annual operation and mainte- 
nance cost of about $65,000 above the recom- 
mended plan costs. Furthermore, because of 
the detailed second level, site-specific planning 
required for the decentralized alternative, it is 
unlikely that the necessary number of small stor- 
age measures-many of which would have to be 
installed by the private sector-would be success- 
fully and properly constructed and maintained. 
A well-developed and -financed maintenance 
program is essential to ensure the continued 
pollutant removal effectiveness of stormwater 
storage measures. 

Under the minimum nonpoint source control 
alternative plan, none of the perennial stream 
miles in the watershed would fully meet the 
recreational water use objectives. The phosphorus 
and fecal coliform standards could be expected to 
be met about 70 percent of the time, rather than 
the recommended 90 percent of the time. The 
minimum nonpoint source control alternative 
plan would have a capital cost of $690,000 and 
an annual operation and maintenance cost of 
$95,000 less than the recommended plan costs. 

SUMMARY 

A careful examination of the available water 
quality data for the Oak Creek watershed stream 
system for the period from 1964 through 1976 
indicates that polluted conditions exist in virtually 
all of the watershed. Toxic, organic, nutrient, 
pathogenic, sediment, and aesthetic pollution are 
all known to exist in the surface waters of the Oak 
Creek watershed. These problems have been 
attributed to pollutant loadings from both point 
sources and nonpoint sources. Point sources of 
pollution are relatively insignificant in the water- 
shed: In 1980, the three municipal sanitary sewer- 
age flow relief devices and 18  industrial wastewater 
discharge outfalls in the watershed were estimated 
to contribute less than 1 percent of the nitrogen, 
phosphorus, biochemical oxygen demand, fecal 
coliform, and suspended solids loadings to surface 
waters in the watershed. Nonpoint sources were 
estimated to be the primary causes of water quality 
problems in the watershed, contributing over 99 
percent of the total pollutant loadings. 

Water quality simulation modeling analyses were 
conducted under both existing and future alter- 
native land use, stream channel, and pollution 
abatement conditions. The modeling analyses 
indicated that Oak Creek currently violates recom- 
mended water quality standards for phosphorus, 
un-ionized ammonia nitrogen, and fecal coliform. 
The modeling results also indicated that under 
future land use and stream channel conditions, 
reductions in nonpoint source pollutant loadings 
would be required to  achieve the recommended 
water quality standards. 

Three alternative sets of nonpoint source control 
measures were developed and evaluated. The 
first set, minimum measures, would achieve an 
approximate 25 percent reduction in pollutant 



loadings. These measures would require a total 
capital cost of about $5.1 million and an average 
annual operation and maintenance cost of about 
$125,000. Almost all of the capital cost, and 
88  percent of the annual operation and mainte- 
nance cost, would be for urban measures, with the 
remainder being required for rural measures. 
Approximately 92 percent of the urban capital 
cost and 64 percent of the urban operation and 
maintenance cost would be for construction site 
erosion control. These costs would primarily be 
borne by land developers. With the implementation 
of only the minimum nonpoint source control 
measures, the recommended phosphorus and 
fecal coliform standards would be achieved about 
70 percent of the time, and none of the perennial 
streams in the Oak Creek watershed would be fully 
suitable for recreational use, although there would 
be no adverse effects on warmwater fish and 
aquatic life. 

The second set of nonpoint source control mea- 
sures, referred to as minimum and certain addi- 
tional measures, including centralized stormwater 
storage, would achieve an approximate 50 to 75 
percent reduction in pollutant loadings to about 
13.7 stream miles, or about 64 percent of the total 
perennial stream miles in the watershed. These 
minimum and additional measures would require a 
total capital cost of about $5.8 million and an 
average annual operation and maintenance cost of 
about $220,000. About 99 percent of the capital 
cost and 89 percent of the annual operation and 
maintenance cost would be for urban measures, 
with the remainder being required for rural mea- 
sures. Approximately 80 percent of the urban 
capital cost and about 36 percent of the urban 
operation and maintenance cost would be for 
construction site erosion control. The implemen- 
tation of the minimum and certain additional 
nonpoint source control measures, including 
centralized stormwater storage, may be expected 
to achieve the recommended phosphorus and fecal 
coliform standards at least 90 percent of the time 
within 13.7 miles of stream, thereby providing for 
full recreational use. In the remaining 7.6 miles of 
stream, or 36 percent of the total stream miles, the 
phosphorus and fecal coliform standards would be 
met from 70 to 80 percent of the time. Recrea- 
tional use impairment would be slight in these 
stream reaches, although fish and other aquatic life 
would not be adversely affected. 

The third set of nonpoint source control measures, 
referred to as minimum and certain additional 
measures including decentralized stormwater stor- 

I 

age, would achieve an approximate 50 to 75 
percent reduction in pollutant loadings to all 
perennial stream reaches in the watershed. These 
minimum and additional measures would require a 
total capital cost of about $7.0 million and an 
average annual operation and maintenance cost of I 

about $285,000. Over 99 percent of the capital 
cost and 91 percent of the annual operation and 
maintenance cost would be for urban measures, 1 
with the remainder being required for rural mea- 
sures. Approximately 67 percent of the urban 
capital cost and about 27 percent of the urban 
operation and maintenance cost would be for I 

construction site erosion control. The implemen- 
tation of the minimum and certain additional 
nonpoint source control measures, including 
decentralized stormwater storage, would likely 

I 
allow the achievement of the recommended 
phosphorus and fecal coliform standards at  least I 
90 percent of the time throughout the watershed, 
thereby providing for full recreational use, as well 
as for the maintenance of warmwater fish and 
aquatic life. 

I 
I 

Of the total capital cost for minimum nonpoint 
source control measures, about 23 percent would 
be required for projects in the public sector and 
about 77 percent would be required for projects in 
the private sector. About 27 percent of the capital 
cost for minimum and certain additional measures 
including centralized stormwater storage, and 
about 30 percent of the capital cost for minimum 
and certain additional measures including decen- 
tralized stormwater storage, would be required for 
public sector projects. Of the total annual opera- 
tion and maintenance cost for minimum nonpoint 
source control measures, about 38 percent would 
be required for public sector projects and about 
62 percent for private sector projects. For mini- 
mum and certain additional measures including 
centralized stormwater storage, about 58 percent 
of the annual operation and maintenance cost 
would be required for projects in the public sector 
and 42 percent for projects in the private sector. 
For minimum and certain additional measures 
including decentralized stormwater storage, about 
57 percent of the annual operation and mainte- 
nance cost would be required for projects in the 
public sector and 43 percent for projects in the 
private sector. 



Based on an analysis of costs, pollutant loading 
reductions, the expected achievement of water 
quality standards, and the likelihood of successful 
installation and maintenance of the control mea- 

1 sures, it was recommended that minimum and 
certain additional nonpoint source pollution 
control measures, including centralized stormwater 

I storage, be implemented in the Oak Creek water- 

I shed. The implementation of these measures would 
be expected to fully achieve the recommended 

water quality standards supporting recreational use 
and the maintenance of warmwater fish and 
aquatic life in about 13.7 miles of stream, or about 
64 percent of the total 21.3 miles of perennial 
stream in the Oak Creek watershed. The remaining 
7.6 miles of stream, or 36 percent, would have 
slight recreational use impairment, although fish 
and other aquatic life would not be adversely 
affected. 
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Chapter XIV 

RECOMMENDED COMPREHENSIVE PLAN 

INTRODUCTION 

The comprehensive plan for the Oak Creek water- 
shed is comprised of three major elements: 1) a 
land use element, including a park and related open 
space preservation subelement; 2) a supporting 
floodland management element composed of 
structural and nonstructural subelements; and 3) a 
supporting water quality management element 
composed of point and nonpoint source pollution 
abatement subelements. The land use element 
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 con- 
sidered the best floodland management measures. 
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 established watershed 
development objectives in a cost-effective manner. 
A fourth plan element--development of a balanced 
fishery-is also a part of the comprehensive plan 
and represents that alternative which provides the 
best opportunity for fishery development. 

This chapter describes the recommended compre- 
hensive watershed development plan as synthesized 
from the best of the alternatives considered, dis- 
cusses the basis for the synthesis, and analyzes the 
attendant costs. In addition, the chapter evaluates 
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 describes the recommended plan as 
presented for public hearing. The public reaction 
to this plan and the subsequent action of the Oak 
Creek Watershed Committee to adjust the plan 
based upon the results of the public hearing are 
discussed in Chapter XVI of this report. 

BASIS FOR PLAN SYNTHESIS 

The watershed development objectives which the 
comprehensive plan for the Oak Creek watershed is 

designed to meet are set forth in Chapter X of this 
report. That chapter also sets forth the standards 
for relating these objectives to the physical devel- 
opment 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 plans considered for the resolution of the 
water-related problems of the watershed, and 
identify the best land use, floodland management, 
water quality management, and fishery develop- 
ment alternatives for inclusion in the comprehensive 
watershed plan. As already noted, this identifica- 
tion was based upon careful evaluation of the tech- 
nical, economic, environmental, legal, financial, 
and administrative feasibility of the alternative 
plans, as well as on the basis of the ability of those 
plans to meet the applicable watershed develop- 
ment objectives and supporting standards. Figure 69 
illustrates the manner in which a plan element or 
subelement was sequentially subjected to several 
levels of review and evaluation, including technical 
and economic feasibility; financial, legal, and 
administrative feasibility; and political accept- 
ability. Devices used to actually test and evaluate 
alternative subelements ranged from the mathe- 
matical models used to  simulate river performance 
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 compre- 
hensive watershed plan must, therefore, consist of 
a combination of individual plan elements, with 
each plan element contributing to the extent prac- 
ticable toward the satisfaction of the development 
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 
XI11 of this report, are complementary in nature, 
and the recommended comprehensive watershed 
plan represents a synthesis of carefully coordi- 



nated individual plan elements which together 
should achieve the adopted watershed develop- 
ment objectives. 

RECOMMENDED PLAN 

Based upon the results of the analyses of the 
ability of the various plan elements to satisfy the 
watershed development objectives and t o  exhibit 
an acceptable benefit-cost ratio, the specific plan 
elements set forth below are recommended for 
inclusion in the comprehensive plan for the Oak 
Creek watershed. 

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 element of the Oak Creek watershed plan (see 
Map 45 in Chapter XI). This land use plan element 
envisions use of a combination of public acquisi- 
tion and public regulation of private holdings of 
land to  guide the spatial distribution 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. The land use plan emphasizes con- 
tinued reliance on the urban land market to 
determine the location, intensity, and character of 
future development within the Region and the 
watershed for residential, commercial, and indus- 
trial land uses. I t  does, however, propose to  regu- 
late in the public interest the effect of this market 
on development in order to provide for a more 
orderly and economical land use pattern and in 
order to avoid the intensification of developmental 
and environmental problems within the Region and 
the watershed. 

Urban Development: Forecasts indicate that the 
population of the Oak Creek watershed may be 
expected to  increase from the 1980 level of about 
39,700 persons to a plan design year 2000 level 
of about 72,600 persons, an 83  percent increase. 
Employment may be expected to increase from the 
1980 level of about 20,000 jobs to a plan design 
year 2000 level of about 27,300 jobs, a 36 percent 
increase. Although the Oak Creek watershed h~ still 
largely in rural land uses, with about 1 5  square 
miles, or 53 percent of the watershed, devoted to 
such uses in 1980, an additional 11 square miles of 
land are forecast to be converted from rural to  
urban use over the next two to three decades, an 
84  percent increase. 

Figure 69 

TEST AND EVALUATION 
OF A PLAN SUBELEMENT 

START 0 

i 
POOL OF VIABLE SUBELEMENTS 

Source: SEWRPC. 

As indicated in Table 78 in Chapter XI of this 
report, the recommended land use plan proposes to 
add about 5.0 square miles of land to  the existing 
stock of residential land within the watershed in 
order to meet the housing needs created by antici- 
pated shifts in the distribution as well as growth of 
population within the watershed, and by decreas- 



ing household size and attendant need for addi- 
tional dwelling units. This new urban development 
is proposed to occur primarily at medium popula- 
tion densities, with gross residential population 
densities ranging from about 3,300 to about 9,200 
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 services. The remaining 
6.1 square miles of land proposed to be converted 
from rural to urban use within the watershed by 
the year 2000 would be used for commercial, 
industrial, governmental and institutional, recrea- 
tional, and transportation, communication, and 
utility land uses as required to meet the gross 
demand for land generated by the resident popu- 
lation and employment levels anticipated within 
the watershed. 

Agricultural and Other Open Land Use: As already 
noted, the recommended land use plan for the 
watershed would require the conversion to urban 
use of about 11 square miles of land presently 
devoted to agricultural and other open land uses. 
The existing stock of such land within the water- 
shed would accordingly decrease from about 
15  square miles in 1980 to about four square miles 
in the year 2000, a decrease of about 76 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 
Oak Creek watershed. The regional park and open 
space plan is composed of two principal elements- 
an open space preservation plan element and an 
outdoor recreation 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. Exceptions to this are a total 
of about 30 acres, or about 7 percent, of existing 
primary environmental corridor lands which are 
proposed to be cpnverted to urban use within the 
watershed over the plan design period, reflecting 
committed local planning and zoning decisions. 
The preservation of the primary environmental 
corridors' in essentially natural open uses-and 
thereby the preservation of the attendant recrea- 
tional, 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 46 in Chapter XI 

of this report, the corridor lands to be preserved 
consist of about 417 acres located along the lower 
reaches of Oak Creek in the City of South Mil- 
waukee, and in an area encompassing a large 
concentration of wetlands and woodlands in the 
southeastern area of the watershed in the City of 
Oak Creek. Of this total, about 229 acres, or about 
51 percent, are already publicly owned. The plan 
recommends that the remaining 188 acres, or 42 
percent, ultimately be publicly acquired through 
purchase or dedication. In addition to the preserva- 
tion of 93 percent of the existing primary environ- 
mental corridor lands in the watershed, the land 
use plan element recommends the restoration of 
579 acres of unused open lands to wetland vegeta- 
tion, thereby restoring and re-creating primary 
environmental corridors. These lands are located 
within existing and proposed county-owned 
parkway boundaries and are shown on Map 46 in 
Chapter XI. 

The outdoor recreation plan element for the 
Region and the watershed is composed of: 1 )  a 
resource-oriented outdoor recreation component 
containing recommendations as to the number and 
location 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. More specif?- 
cally, as shown on Map 46 in Chapter XI, the out- 
door recreation plan element recommends: 

Continued maintenance of Grant Park and 
Oakwood Park, as well as the Cudahy 
Nature Preserve. 

Development of Falk Park to provide for 
general-use outdoor recreational activities. 

Completion of the acquisition of lands for 
the Oak Creek Parkway. Approximately 400 
acres of additional land would be required, 
to bring the total to  about 1,420 acres. 

Development of opportunities for hiking, 
biking, and ski touring activities in about 
eight lineal miles of recreation corridor. 

Continued maintenance of three community 
and three neighborhood parks, provision of 
recreational facilities at  eight publicly owned 
but undeveloped neighborhood parks, and 
acquisition and development of four addi- 
tional neighborhood parks as needed. The 
latter would require a combined area of 
about 60 acres. 



Development of a recreational sport and 
forage fishery through implementation of 
the fishery development plan element. 

The development and acquisition of the proposed 
parks and related open spaces, and the acquisition 
of the primary environmental corridor lands, 
would require the following costs: 1 )  $940,000 
for the purchase of land for the preservation and 
restoration of primary environmental corridors; 
2) $860,000 for the development of Falk Park, 
acquisition of additional parkway lands, and provi- 
sion of recreational corridors; and 3) $1,748,000 
for the acquisition and development of neighbor- 
hood parks. These costs are reflected in the total 
cost of the regional park and open space plan and 
are not, therefore, considered to be additional 
costs in the Oak Creek watershed plan. The recom- 
mended park and open space plan element would 
achieve the park, outdoor recreation, and open 
space preservation objectives and standards formu- 
lated under the watershed study, meeting the 
existing and anticipated future recreation needs 
within the watershed in an efficient and effec- 
tive manner. 

It should be noted that as of the end of 1985, the 
City of Oak Creek had completed development 
of several neighborhood parks as proposed in 
Chapter XI. In addition, in a recently completed 
park and open space plan for the City of Oak 
Creek, the City proposes the development of 
one additional neighborhood park in the water- 
shed. This park, Camelot Park, located in the 
eastern portion of the watershed, is proposed to 
be approximately 12  acres in size and consists of 
six acres of land recently acquired by the City and 
six acres of land located in the Oak Creek Parkway 
proposed to be leased from the County. These 
recent changes necessitated the following revised 
recommendations for community and neighbor- 
hood maintenance and development of parks in the 
watershed: continued maintenance of three exist- 
ing community parks-Abendschein, Copernicus, 
and Maitland Parks; continued maintenance of 
seven existing neighborhood parks-Chapel Hills, 
Cudahy, Manor Marquette, Miller, Rawson, Shep- 
ard Hills, and Willow Heights Parks; provision of 
additional facilities at  five existing neighborhood 
parks-Camelot, Carollton, Green Lawn, Johnstone, 
and Riverton Meadows Parks; and acquisition and 
development of four additional neighborhood 
parks as needed, all as shown on Map 74. 

Recommended Floodland 
Manaement Plan Element - 
The recommended floodland management plan 
element for the Oak Creek watershed includes the 
application of both structural and nonstructural 
measures for the abatement of damages in flood- 
prone areas of the watershed, the improvement of 
stormwater drainage facilities, and the prevention 
of future flood-prone development. The basic non- 
structural plan element consists of the land use 
development proposals contained in the land use 
element of the watershed plan. The extent and 
placement of incremental urban development over 
the next two decades is critical if the intensifi- 
cation of the existing and the creation of new 
flood damage problems in the watershed are to  be 
avoided, since such extent and placement directly 
affect the hydrologic and hydraulic behavior of 
the watershed. In this respect, preservation of the 
primary environmental corridors is of particular 
importance and affects not oniy the hydrologic 
and hydraulic behavior of the stream system but 
also water quality conditions. Preservation of 
about 1,250 acres of floodlands in open uses lying 
outside the environmental corridors is also critical. 
These floodlands are envisioned to be retained 
primarily in agricultural use. These nonstructural 
floodland management plan elements are graphi- 
cally summarized on Maps 45 and 46 in Chapter XI. 

In addition to the land use development proposals, 
the plan recommends that the alternative calling 
for a combination of channel deepening and 
shaping and structure floodproofing, elevation, 
and removal be adopted to resolve existing and 
probable future flood problems in the watershed. 
This recommended alternative consists of the 
following components: 1 )  channel deepening and 
shaping of 1.4 miles of the Oak Creek channel 
between River Mile 10.30 and the S. 27th Street 
crossing, and of 1.0 mile of the North Branch of 
Oak Creek between the steel sheet pile spillway 
located west of the United Parcel Service distribu- 
tion center and the S. 13th Street crossing; 2) the 
floodproofing of 21 buildings, the elevation of six 
buildings, and the removal of two buildings; and 
3) the replacement of two bridges on the North 
Branch of Oak Creek. Of the 21 buildings recom- 
mended for floodproofing, 16  are located along the 
main stem of Oak Creek, consisting of two houses 
and 1 4  commercial buildings; four are located 
along the North Branch of Oak Creek, consisting of 
two commercial buildings, one apartment building, 



Map 74 

EXISTING AND PROPOSED COMMUNITY AND NEIGHBORHOOD PARKS IN THE OAK CREEK WATERSHED: 2000 

LEGEND 

EXSTING 

r n P O S E D  t 
As of 1985, the City of Oak Creek had completed the development of several neighborhood parks recommended in the preliminary watershed 
plan. In addition, a recently completed park and open space plan for the City of Oak Creek proposes the development of one additional neigh- 
borhood park, Camelot Park, in the eastern portion of the watershed, not envisioned in the preliminary watershed plan. These recent changes 
necessitated the following revised recommendations for community and neighborhood maintenance and development of parks in the water- 
shed: continued maintenance of three existing community parks-Abendschein. Copernicus, and Maitland Parks; continued maintenance of 
seven existing neighborhood parks-Chapel Hills, Cudahy, Manor Marquette, Miller, Rawson, Shepard Hills, and Willow Heights Parks; provision 
of additional facilities at five existing neighborhood parks-Camelot. Carollton, Green Lawn, Johnstone, and Riverton Meadows Parks; and 
acquisition and development of four additional parks as needed. 

Source: SEWRPC. 



and one municipal garage; and one office and ware- 
house building is located along the Mitchell Field 
Drainage Ditch. All six of the buildings recom- 
mended to be elevated, as well as the two buildings 
recommended for removal, are houses located 
along the main stem of Oak Creek. The average 
annual cost of this alternative, computed using an 
interest rate of 6 percent and a project life and 
amortization period of 50 years, is estimated at 
$65,000, consisting of the following: amortization 
of the $207,000 capital cost for channel deepening 
and shaping; amortization of the $110,000 capital 
cost for bridge replacement; amortization of the 
$692,000 capital cost for the floodproofing, 
elevation, and removal of 29 buildings; and $1,000 
annual operation and maintenance costs. The 
recommended floodland management plan element 
for the Oak Creek watershed is graphically summa- 
rized on Map 7 5. 

Implementation of this floodland management 
plan element would result in the abatement of all 
flood damages in the watershed caused by flood 
events up to  and including the 100-year recurrence 
interval event under plan year 2000 land use con- 
ditions. Implementation of the floodland man- 
agement plan element will not, however, serve to  
eliminate local stormwater drainage problems in 
the watershed. The abatement of those problems 
should be addressed through the preparation of 
stormwater management system plans prepared for 
subwatershed areas. These system plans should be 
prepared in an orderly and logical manner, with 
first priority given to those subwatersheds located 
in the headwater reaches of the watershed, since 
the drainage from those areas may have an impact 
on drainage plans for downstream subwatersheds. 
Priority should also be given to those subwater- 
sheds which experience serious drainage problems, 
or may be expected to experience significant 
urbanization. It is recommended, therefore, that 
stormwater management system plans be prepared 
for Oak Creek subwatersheds in the following 
order: 1) North Branch of Oak Creek subwater- 
shed, 2) Upper Oak Creek subwatershed, 3) Middle 
Oak Creek subwatershed, 4) Mitchell Field Drain- 
age Ditch subwatershed, and 5) Lower Oak Creek 
subwatershed. These study areas are shown on 
Map 76. For those subwatersheds which are 
located in more than one community, it is recom- 
mended that the preparation of the stormwater 
management plans be a joint effort of the com- 
munities concerned. 

The Oak Creek 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 recom- 
mended that all flood control works be designed 
based upon the flood flows and stages anticipated 
under the land use development conditions in the 
watershed land use plan. The Committee further 
recommended that as a matter of policy, new 
urban development should be permitted in those 
portions of the watershed not recommended for 
such development in the watershed land use plan 
only upon the condition that stormwater runoff 
from the developed land not exceed runoff under 
predevelopment conditions. 

Im~ac t s  of Recommended Land Use and Flood- 
land Management Plans on Flood Flows and 
Stages: Im~lementation of the recommended land - 
use and floodland management plans may be 
expected to have a significant impact on flood 
flows and stages in the Oak Creek watershed. The 
impacts of plan implementation on the regulatory 
100-year recurrence interval flood are given for 
selected locations along the stream system of the 
Oak Creek watershed in Table 92. Future urban 
land use development proposed for the watershed 
accounts for the increase in peak flood flows and 
stages. Along those stream reaches where channel 
deepening and shaping is recommended, peak flood 
stages may be expected to be lower than under 
planned land use development and existing channel 
conditions. More detailed data pertaining to peak 
flood flows and stages under planned land use 
and planned channel conditions are provided in 
Appendix F. 

Bridge Replacement: It  is recommended that 
bridges and culverts on the major stream system of 
the Oak Creek watershed that 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 
eliminate interference with the operation of the 
highway and railroad transportation system. 
There are 101  bridges and culverts on the major 
stream system of the watershed. Of this total, 81, 
or 80 percent, are hydraulically adequate, as shown 
in Table 93, and need not be modified or replaced 
except as may be necessary for transportation 
purposes. A total of 18  of the crossings, or an 
additional 18 percent, are stream crossings that, 



while not included in the flood control recommen- 
dations 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 two crossings, or 2 per- 
cent, represent bridges and culverts specifically 
affected by the recommended flood control 
measures, and should be replaced in accordance 
with those recommendations. One of these two 
bridges is already designated for reconstruction 
under the regional transportation plan and therefore 
was not reflected in the costs of this watershed 
plan. The capital cost of replacing the remaining 
bridge is estimated at $110,000. 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 the 
Cities of Cudahy, Franklin, Greenfield, Milwaukee, 
Oak Creek, and South Milwaukee review and, as 
necessary, revise their floodland zoning regulations 
to reflect the updated flood hazard data and the 
floodland management concepts and recommenda- 
tions 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 and nonstructural flood 
control measures recommended in the plan. In 
general, those floodlands lying within the 100-year 
recurrence interval flood hazard lines under plan 
year 2000 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 urban development except where 
such development is envisioned under the recom- 
mended land use plan. Such encroachment is envi- 
sioned in about 240 acres of flood hazard area, 
or in about 10 percent of the total such area in 
the watershed. 

Those urban land uses in the floodlands scheduled 
to be floodproofed, elevated, removed, or pro- 
tected through structural flood control measures 
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 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 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 Oak Creek watershed. This would include 
the periodic removal of sediment deposits, heavy 
vegetation, and debris from all watercourses in 
the watershed, including bridge openings and 
culverts. Such a program is necessary to ensure the 
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 
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 all of the communi- 
ties in the watershed. It is recommended that 
FEMA review the flood hazard data set forth in 
this report and revise, as necessary, the local flood 
insurance studies to reflect the new flood hazard 
data. It is further recommended that owners of 
property in flood-prone areas purchase flood insur- 
ance to provide some financial relief for losses 
sustained in floods that may occur prior to the 
completion of any recommended flood control 
works. Finally, as the flood control works are 
implemented, it is recommended that FEMA make 
necessary revisions to the flood insurance studies. 

Lending Institution and Realtor Policies: It is 
recommended that lending institutions continue 
their practice of determining the flood-prone status 
of properties prior to mortgage transactions and 
that the principal source of flood hazard informa- 
tion be the Oak Creek watershed study. It is 
further recommended that real estate brokers and 
salesmen and their agents continue to inform 
potential purchasers of property of any flood 
hazard which may exist at the site being traded in 
accordance with the rules of the Wisconsin Real 
Estate Examining Board. 

Communitv Utilitv Policies and Emeraencv Pro- - " 
grams: It  is recommended that the policies of the 
governmental units and agencies within the water- 
shed responsible for the design, construction, 
operation, and maintenance of public utilities 



Map 75 

RECOMMENDED FLOODLAND MANAGEMENT PLAN ELEMENT FOR THE OAK CREEK WATERSHED: 2000 

LEGEND STRUCTURE ELEMTlW 2 CROSS-SEcnoN 
IDENTIFICATION NUMBEB 

REMMMENDEO FLOCOLANO 
(SEE PllGE 468) 

MANAGEMENT R A N  ELEMENT 
STRIZTURE REMOVAL 

100-YEAR RECURRENCE 1NTERML FLOODLC.NS-- NAWLVIWLTION CHANNEL BULKHEAD 
PLANNED LdNO USE W310 DISTIWCMNNEL CONDVIWS 

CWNNEL DEEPENlND AN0 S H A W N  
COWINLOUS RECORDER S T R E M  W E  

BRIWE OR CULVERT REPLACEMENT a CREST STAOE O&OE 

STRUCTURE FL-RCOFINB 7 nl 

The recommended floodland management plan element for the Oak Creek watershed i s  comprised of both structural and nonrtructural rnea- 
surer. Structural measures include channel deepening and shaping along about 1.4 miles of Oak Creek and along 1.0 mile of the North Branch 
of Oak Creek. Nonstructural measures include: 11 floodproofing of 21 buildings, elevarion of six buildings, and removal of two buildings; 
2) regulation of land use development both inside and outside the floodlands; 3) channel maintenance; 4) participation in the federal flood 
insurance program; 51 continuation of desirable lending institution and realtor policies concerning the sale of riverine area: 6 )  supportive 
community utility policies and emergency programs: and 7) maintenance of a basic stream gaging network. In  addition to these measures, the 
recommended floodland management plan contains a provision far the maintenance of recreational navigation at the mouth of Oak Creek 
through the construction of a jetty parallel to the existing jetty located along the north side of the channel. 

Source: SEWRPC. 
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and facilities-such as water supply and sewerage 
facilities, drainageways, and streets and highways- 
carry out those functions in a manner fully con- 
sistent with the land use and floodland regulation 
recommendations for the Oak Creek watershed. 
Although the hydrologically unpredictable "flashy" 
nature of flooding within the Oak Creek watershed 
renders a flood forecasting system impractical, it is 
recommended that each watershed community 
develop procedures to provide floodland residents 
and other property owners with timely informa- 
tion about floods in progress. 

Maintenance of Stream Gaging Networks: The 
stream gaging stations in the Oak Creek watershed - -  - 

can provide data essential to the rational man- 
agement of the surface waters of the basin. It is 
recommended that the contiuous recorder on Oak 
Creek at the first 15th Avenue crossing in the City 
of South Milwaukee, the crest stage and low-flow 
gage on Oak Creek at Nicholson Road in the City 
of Oak Creek, and the four crest stage and three 
staff gage stations in the watershed continue to 
be operated. 

Maintenance of Recreational Navigation at Mouth 
of Oak Creek: The use of the recreational boat 
launch ramp located at the mouth of Oak Creek in 
Grant Park is periodically denied by the formation 
of a sandbar at the mouth of the creek between the 
ramp and Lake Michigan. In order to alleviate this 
problem, it is recommended that a navigation chan- 
nel be constructed at the mouth of Oak Creek and 
that this channel be maintamed by the flushing of 
accumulated sand from it. This plan would be 
implemented in the following stages: 

1. Provision of an approximately 20-feet-wide 
by four-feet-deep navigation channel at the 
mouth of Oak Creek through the construc- 
tion of a jetty parallel to the north shore of 
the creek; lowering of the sand level on the 
beach north of the channel to an elevation 
of about two feet below the top of the jetty 

located on the north side of the Oak Creek 
channel; and performance of such minimal 
dredging of the navigation channel as may be 
necessary to maintain four feet of depth in 
the channel. 

2. Design and construction of either a dry dam 
at or near the existing footbridge near River 
Mile 0.14, or a network of diffusers within 
the navigation channel. This would be done 
only if the implementation of step one does 
not yield adequate results. 

Recommended Fishery Development Plan Element 
Fishery data collected under the watershed study 
indicate that the Oak Creek watershed does not 
support a balanced fish population. In order to 
enhance the fishery resource in the watershed, 
it is recommended that the following measures 
be taken: 

1. Modification of the Mill Road dam by 
notching the existing structure down to the 
streambed to provide an opening of 40 feet 
at the top of the dam and 10 feet at the base 
of the dam. 

2. Dredging as may be necessary of a portion 
of the accumulated sediments behind the 
Mill Road dam to normalize the streambed 
gradient and to re-create stream meanders. 

3. Removal or modification of five sill and 
drop structures. 

4. Instream habitat mitigation measures, includ- 
ing placement of boulder retards and stone 
rip-rap, and encouraging the development 
of stands of emergent vegetation in the 
streambed. 

5. Stream bank stabilization measures, includ- 
ing placement of stone rip-rap and wing 
deflectors as well as prescribed plantigs. 
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SUBWATERSHED LOCATIONS FOR STORMWATER MANAGEMENT SYSTEM PLANS 

LEGEND 

PRIORPTY FOR PREPmATIOII OF 
S T O R W T C R  kUNAGCMNT WSThl %AN 

YIODLE SVBWATCeSHLO IDENTIFICATION 

The Oak Creek watershed plan reoammends that smrmrmter management symm plam be developed within the f r m o r k  of the watershed 
plan to alleviate local drainage problems. These plans should be developed on a subwatershed basis, with priority being given 52 tho* areas in 
the headwarer reach- of the wafe&ed, a4 well as to t h w  wachm which experience seriouJ drainsge probkms or may be erpeaed to experi- 
ence significant wbaniration. 

Source: SEWRPC. 



Table 92 

100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGES AND STAGES 
AT SELECTED LOCATIONS IN THE OAK CREEK WATERSHED: EXISTING LAND USE 

AND CHANNEL CONDITIONS AND PLANNED LAND USE AND CHANNEL CONDITIONS 

Location s 
Oak Creek 

Confluence with Lake Michigan . . . . . . . 
Parkway Dam. . . . . . . . . . . . . . . . . . . 
Chicago Avenue . . . . . . . . . . . . . . . . . 
15th Avenue. . . . . . . . . . . . . . . . . . . . 
Upstream of Marquette 
Boulevard Extended. . . . . . . . . . . . . . 

Upstream of Confluence with 
Mitchell Field Drainage Ditch. . . . . . . . 

East Forest Hill Avenue . . . . . . . . . . . . 
Abandoned Chicago, North Shore 
& MilwaukeelRailroad . . . . . . . . . . . . 

South Shepard Avenue. . . . . . . . . . . . . 
Upstream of Confluence with 
North Branch of Oak Creek. . . . . . . . . 

IH94  . . . . . . . . . . . . . . . . . . . . . . . .  
South 31st Street . . . . . . . . . . . . . . . . 
Downstream of W. Southland Drive . . . . 
Upstream of W. Woodward Drive . . . . . . 

North Branch of Oak Creek 
Confluence with Oak Creek . . . . . . . . . 
Downstream of W. Puetz Road. . . . . . . . 
Downstream of Wildwood Drive. . . . . . . 
Chicago, Milwaukee, St. Paul & 

Pacific Railroad. . . . . . . . . . . . . . . . . 
West Marquette Avenue . . . . . . . . . . . . 
MATC-South Campus. . . . . . . . . . . . . . 
Chicago, Milwaukee, St. Paul & 
Pacific Railroad. . . . . . . . . . . . . . . . . 

CTH V/S. 13th Street. . . . . . . . . . . . . . 

Mitchell Field Drainage Ditch 
Confluence with Oak Creek. . . . . . . . . . 
CTH B B N .  Rawson Avenue . . . . . . . . . 
CTH Z Z N .  College Avenue. . . . . . . . . . 
Private Drive. . . . . . . . . . . . . . . . . . . . 

Southland Creek 
Confluence with North Branch 

of Oak Creek . . . . . . . . . . . . . . . . . . 
Upstream of Confluence of the 
Tributary to  Southland Creek . . . . . . . 

Tributary to Southland Creek 
Confluence with Southland Creek. . . . . . 

Tributary to Upper Oak Creek 
Confluence with Oak Creek. . . . . . . . . . 

a~~ VD-National Geodetic Vertical Datum. 

b ~ o  change in land use. 

Source: SEWRPC. 

Existing Land Use 
and Channel Conditions 

Discharge Stage 
(feet N G V D ~ )  

Planned Land Use 
and Channel Conditions 

Discharge Stage 
(cfs) (feet N G V D ~ )  



Table 93 

BRIDGE REPLACEMENT/MODIFICATlON RECOMMENDATIONS IN  THE OAK CREEK WATERSHED PLAN I 

Stream 

Oak Creek 

Hydraulically 
Adequate-Replace 

or Modify as 
Necessary for 
Transportation 

Purposes 

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 
X 

Structure Identification 

Name 

Pedestrian Bridge 
1 s t  Oak Creek Parkway Bridge 
2nd Oak Creek Parkway Bridge 
Mill Road 
3rd Oak Creek Parkway Bridge 
4th Oak Creek Parkway Bridge 
Chicago AvenuelSTH 32 
5th Oak Creek Parkway Bridge 
Pedestrian Bridge 
Chicago & North Western Railway 
15th Avenue 
Pedestrian Bridge 
Pine Street 
E. Rawson and 16th Avenues 
15th Avenue 
Pedestrian Bridge 
Milwaukee Avenue 
15th Avenue 
Pedestrian Bridge 
S. Pennsylvania Avenue 
Chicago & North Western Railway 
E. Drexel Avenue 
Chicago & North Western Railway 
E. Forest Hill Avenue 
E. Puetz Road 
Chicago & North Western Railway 
S. N~cholson Road 
S. Shepard Avenue 
S. Howell AvenueISTH 38 
W. Ryan RoadISTH 100 
Chicago, Milwaukee, 
St. Paul & Pacific Railroad 

Private Bridge 
Private Bridge 
Prlvate Bridge 
S. 13th StreetICTH V 
Pedestr~an Bridge 
IH 94 
S. 20th Street 
S. 27th StreetISTH 41 
S. 31st Street 
Private Bridge 
W. Ryan RoadISTH 100 
W. Southland Dr~ve 
W. Woodward Drive 
W. Glenwood Drive 
Pr~vate Drive 
Private Drive 
Maple Crest Dr~ve 
Prlvate Br~dge 
W. Puetz Road 

Hydraulically 
Inadequate-Replace 

or Modify as 
Transportation 

System is Renewed 

X 
X 

X 
X 

X 

X 

X 

X 

River 
~ i l e ~  

0.14 
0.35 
0.88 
0.94 
1.18 
1.32 
1.61 
2.14 
2.24 
2.35 
2.84 
3.18 
3.37 
3.64 
3.76 
3.89 
4.01 
4.06 
4.18 
4.7 1 
5.25 
5.56 
6.06 
6.25 
6.83 
7.34 
7.44 
8.41 
9.23 

10.06 

10.24 
10.25 
10.46 
10.60 
10.69 
10.72 
10.98 
11.24 
11.70 
11.97 
12.23 
12.52 
13.18 
13.31 
13.58 
13.60 
13.62 
13.64 
13.76 
13.79 

Replace or Modify 
in Accordance With 

Flood Control 
Recommendations 



Table 93 (continued) 

I a~istance in miles along stream channel upstream from mouth or confluence. 

Source: SEWRPC. 

Replace or Modify 
in Accordance With 

Flood Control 
Recommendations 

X 
X 

Hydraulically 
Inadequate-Replace 

or Modify as 
Transportation 

System is Renewed 

X 

X 

X 
X 

X 

X 
X 
X 

X 

X 

Hydraulically 
Adequate-Replace 

or Modify as 
Necessary for 
Transportation 

Purposes 

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 

Stream 

North Branch 
of Oak Creek 

Mitchell Field 
Drainage Ditch 

Southland 
Creek 

Tributary t o  
Southland Creek 

Tributary 
t o  Upper 
Oak Creek 

Structure Identification 

Name 

Chicago, Milwaukee 
St. Paul & Pacific Railroad 

Private Bridge 
Private Bridge 
W. Puetz Road 
Private Bridge 
Wildwood Drive 
W. Drexel Avenue 
Chicago, Milwaukee, 

St. Paul & Pacific Railroad 
S. 6th Street 
W. Marquette Avenue 
W. Rawson AvenueICTH BB 
S. 6th Street 
Private Bridge 
Private Bridge 
Private Bridge 
Private Bridge 
Private Bridge 
Chicago, Milwaukee, St. Paul 
& Pacific Railroad 

W. College AvenueICTH ZZ 
Private Bridge 
S. 13th StreetICTH V 
W. Ramsey Avenue and l H 9 4  
IH  94  Exi t  Ramp 

Chicago & North Western Railway 
E. Rawson AvenueICTH BB 
E. College AvenueICTH ZZ 
Private Bridge 
Private Bridge 
Pedestrian Bridge 
S. Howell AvenueISTH 38 

S. 13th StreetICTH V 
I H  9 4  
S. 20th and S. 21st Streets 
S. 26th Street 
W. Grays Lane 
S. 27th StreetISTH 41 

I H  9 4  
W. Puetz Road 

Private Drive 
Private Drive 
Private Drive 
W. Glenwood Drive 
Private Drive 
Private Drive 
Maple Crest Drive 
W. Puetz Road 

River 
~ i l e ~  

0.10 
0.21 
0.34 
0.92 
1.71 
2 .OO 
2.21 

2.25 
2.41 
3.04 
3.51 
3.86 
4.35 
4.59 
4.62 
4.67 
4.74 

4.75 
4.91 
4.94 
5.21 
5.65 
5.85 

0.14 
0.80 
1.83 
2.15 
2.73 
3.10 
3.31 

0.47 
0.88 
1.15 
1.57 
1.69 
1.77 

0.19 
0.73 

0.02 
0.04 
0.05 
0.21 
0.27 
0.28 
0.30 
0.55 



6. An initial fish stocking program. 

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 Oak Creek 
watershed plan. The plan contains recommenda- 
tions for the abatement of pollution from indus- 
trial waste discharges; the control of pollution from 
nonpoint sources; and the development of a water 
quality monitoring program for the watershed. 

education programs, fertilizer and pesticide man- 
agement, critical areas protection, crop residue 
management, conservation tillage, pasture manage- 
ment, contour plowing, crop rotation, contour 
strip-cropping, grassed waterways, diversions, ter- 
races, vegetative buffer strips, stream bank protec- 
tion, and stormwater storage. 

In order to achieve the water use objectives for the 
Oak Creek watershed, some additional control 
measures are recommended. These measures are 
meant to eliminate toxic and hazardous substances 
from surface waters in the watershed in order to 
protect the development of a desired fishery. It  is 

Abatement of Pollution from Industrial Waste recommended that accidental spill prevention and 
Discharges: The recommended water quality man- control plans be developed for all situations under 
agement plan element of the Oak Creek watershed which such spills could occur, and that floor drains 
plan proposes that the direct or indirect discharge and drainage pumps in industrial facilities which 
of industrial wastes into Oak Creek and its tribu- collect grease, oil, chemicals, and other toxic and 
taries be eliminated while allowing the continued hazardous substances be altered, as necessary, to 
discharge of clear water, such as spent cooling eliminate discharge to storm sewers and surface 
water, to the stream system. Such abatement can watercourses. State regulations prohibit connecting 
be achieved under the Wisconsin Pollutant Dis- the floor drains from any type of facility to storm 
charge Elimination System, which requires a sewers or to surface waters. 
permit and pollution abatement schedule for each 
industrial discharge device. 

Control of Pollution from Nonpoint Sources: In 
order to reduce pollution from nonpoint sources, it 
is recommended that urban communities in the 
Oak Creek watershed use a judicious blend of 
public education programs, litter and pet waste 
control, proper use of fertilizers and pesticides, 
construction erosion control, critical area protec- 
tion, improved timing and efficiency of street 
sweeping, leaf collection, catch basin cleaning, and 
industrial and commercial material storage facilities 
and runoff control. Provision of sanitary sewer 
service to all developed areas of the watershed is 
recommended to eliminate pollutant loadings from 
malfunctioning septic tank systems. In addition to 
these measures, it is recommended that retention 
basins be constructed at the following three 
locations: 1) along the North Branch of Oak Creek 
north of W. Drexel Avenue between S. Howell 
Avenue and S. 6th Street; 2) along Oak Creek 
immediately upstream of the confluence with the 
North Branch of Oak Creek; and 3) along the 
Mitchell Field Drainage Ditch, north of E. Rawson 
Avenue. These basins would be designed so as not 
to have a significant impact on flood flows and 
stages in the watershed. 

It is recommended that nonpoint source pollution 
from rural areas be reduced by utilization of public 

Development of Water Quality Monitoring Program: 
It is recommended that a water quality monitoring 
program be developed for the watershed to demon- 
strate and document changes in surface water 
quality attendant to plan implementation, and to 
help detect and locate illegal sources of pollution. 
The basis for such a monitoring program should be 
a technical report for water quality monitoring in 
the Region, which would be prepared under the 
guidance of a special advisory body having tech- 
nical water quality monitoring expertise, and 
including members from potential financial sup- 
port agencies. 

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 Oak Creek watershed plan are set forth 
in Chapter X of this report. One of the water 
quality management planning objectives relates 
directly to the Oak Creek watershed stream sys- 
tem. The initially recommended water use objec- 
tives are shown on Map 44 in Chapter X of this 
report. The water quality standards attendant to 
those water use objectives as they were established 
on a preliminary basis prior to preparing the water- 
shed plan are set forth in Table 77 in Chapter X. 



The initially recommended water use objectives 
were revised based upon an evaluation of the 
potential for fishery development, as discussed in 
Chapter XI1 of this report, and upon the antici- 
pated water quality benefits of the recommended 
plan. The recommended water use objectives are 
summarized on Map 77. The map indicates that 
two reaches of the perennial stream network would 
not meet the objective of full recreational use 
under the recommended plan, and were therefore 
reclassified for warmwater fishery and aquatic life, 
limited recreational use, and minimum standards. 
These reaches are the main stem of Oak Creek 
upstream of the North Branch and the North 
Branch of Oak Creek upstream of the first S. 6th 
Street crossing. Also, because of fishery and water 
quality considerations, the Mitchell Field Drainage 
Ditch is designated for limited fishery and aquatic 
life, limited recreational use, and minimum stan- 
dards. The standards attendant to these revised 
recommended water use objectives are set forth 
in Table 94. 

COST ANALYSIS 

In order to assist public officials in evaluating the 
recommended comprehensive Oak Creek 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. The schedule of capital and operation and 
maintenance costs for the recommended watershed 
plan is set forth in Table 95. 

The schedule assumes a 15-year plan implemen- 
tation period beginning in 1986 and extending 
through the year 2000. The capital cost of imple- 
menting the entire Oak Creek watershed plan is 
estimated at $10.6 million, representing an average 
annual capital expenditure over the 15-year period 
of nearly $710,000. Of this total, about $3.6 
million, or about 34 percent, and representing 
an average annual expenditure of $236,500, is 
required to implement the park and open space 
element of the plan, including the acquisition 
of primary environmental corridor lands; about 
$5.8 million, or about 55 percent of the total and 
representing an average annual expenditure of 
$389,000, is required for implementation of the 
water quality management element of the plan; 
about $1.2 million, or about 11 percent of the 
total and representing an average annual expendi- 
ture of about $80,200, is required for implementa- 
tion of the floodland management element of the 

plan; and about $65,000, or less than 1 percent 
and representing an average annual expenditure of 
about $4,300, is required for implementation of 
the fishery development element of the plan. 

The total capital investment and operation and 
maintenance cost required for plan implementation 
may be expected to approximate $1.0 million on 
an average annual basis, or about $18.05 per capita 
per year over the 15-year plan implementation 
period. This per-capita cost is based on a resident 
watershed population of 56,000 persons-the aver- 
age resident population in the watershed between 
the 1980 population level of 39,700 persons and 
the plan year 2000 population level of 72,600 
persons. The average annual costs of implemen- 
tation of the land use and park and open space 
element, the water quality management element, 
the floodland management element, and the fish- 
ery development element are estimated at, respec- 
tively, $302,800, or $5.41 per capita; $611,000, or 
$10.91 per capita; $92,800, or $1.66 per capita; 
and $4,300, or $0.07 per capita. 

ABILITY OF THE RECOMMENDED 
COMPREHENSIVE PLAN TO MEET 
ADOPTED OBJECTIVES AND STANDARDS 

The watershed development objectives and sup- 
porting standards were formulated early in the Oak 
Creek watershed study as the second step in a 
seven-step planning process, and constitute the 
overall goals of the comprehensive plan. The 
objectives and standards established for the Oak 
Creek 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- 
mented with objectives and standards developed 
under the Oak Creek 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 objec- 
tives and standards. Accordingly, an evaluation of 
the comprehensive plan was made on the basis of 
its ability to meet the watershed development 
objectives and standards. The results of that evalua- 
tion are presented in summary form in Table 96. 

The relatively small number of standards that 
could not be met or which would be only partially 
met under the recommended comprehensive plan 
for the Oak Creek watershed, as indicated in 
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Table 96, support objectives that are inextricably 
related to the underlying natural resource base. 
The failure to meet those standards reflects the 
practically unavoidable effects on the natural 
resource base of the watershed of extensive agricul- 
tural development and increasing urbanization, 
effects not readily assimilated within the relatively 
small Oak Creek watershed. Nevertheless, adoption 
and implementation of the recommended water- 
shed plan could result in substantial attainment of 
the adopted watershed development objectives, 
and thus implementation of the plan may be 
expected to provide a safer, more healthful, and 
more pleasant, as well as more orderly and effi- 
cient, environment for all life within the watershed. 

CONSEQUENCES OF NOT IMPLEMENTING 
THE RECOMMENDED COMPREHENSIVE 
PLAN FOR THE OAK CREEK WATERSHED 

Within the framework of the overriding goals of 
the Oak Creek 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 
problems such as flooding, water pollution, dimin- 
ishing quality of the natural resource base, and 
changing land use in the Oak Creek watershed; and 
2) preventing the aggravation of existing or devel- 
opment of new environmental problems within the 
basin. This is because preparation of the recom- 
mended comprehensive plan for the Oak Creek 
watershed involved the conduct of extensive inven- 
tories; the 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; the preparation of a plan implementa- 
tion strategy and capital and operation and mainte- 
nance expenditure schedule; and several years of 
deliberation by the Oak Creek 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 problems and the develop- 
ment of new problems. Because the comprehensive 
plan for the Oak Creek watershed seeks to identify 
those courses of action most likely to  result in 
rational, cost-effective, and lasting solutions to the 
water resource problems of the watershed and the 

prevention of future problems, it is appropriate 
to identify and, where feasible, quantify the 
consequences of not adopting and implementing 
the recommendations of the comprehensive plan. 
The analysis of the consequences of not adopting 
and implementing the watershed plan has a nega- 
tive aspect in that it identifies water resource 
problems that may be expected to occur or to be 
aggravated in the absence of watershed plan 
implementation. The analysis is positive or con- 
structive, however, in that it is intended to support 
and reinforce the need for implementation of the 
recommended plan. 

The analysis of the likely consequences of not 
implementing the recommended comprehensive 
plan for the Oak Creek watershed is based pri- 
marily on two sources of information: 1) the data 
collected and the analyses conducted under the 
Oak Creek watershed planning program, and 
2) empirical information derived from observation 
of the water resource problems that already exist 
within the seven-county Planning Region and 
which have been the subject of other Commission 
plan activities. The likely consequences of not 
implementing the recommended comprehensive 
plan for the Oak Creek watershed are summarized 
in Table 97. Within the overall framework of the 
three basic plan elements-the land use and park 
and open space plan element, the floodland man- 
agement plan element, and the water quality man- 
agement plan element-Table 97 identifies each 
plan subelement and some likely 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 Oak Creek watershed have all been 
described separately in the preceding chapters of 
this report. This chapter presents a concise descrip- 
tion of the overall recommended comprehensive 
plan for the Oak Creek watershed as that plan was 
synthesized from the best alternatives considered. 
The comprehensive plan consists of a land use and 
park and open space element, a water quality 
management element, a floodland management 
element, and a fishery development 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 the intensification 



Table 94 

FINAL RECOMMENDED WATER USE OBJECTIVES AND WATER QUALITY 
STANDARDS FOR STREAMS IN THE OAK CREEK WATERSHED: 2000a 

a Includes SEWRPC interpretations of all basic water use categories established by the Wisconsin Department o f  Natural 
Resources and additional categories established under the regional water quality management planning program, plus those 
combinations o f  water use categories applicable to the Southeastern Wisconsin Region. I t  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. I t  is important to note the 
critical differences between the official state and federally adopted water quality standards-composed of ''use designations" 
and "water quality criteriar'-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 o f  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 regula- 
tions 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. 

b ~ l l  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 material shall not be present in such 
amounts as to interfere with public rights in the waters o f  the State. Materials producing color, odor, taste, or unsightliness 
shall not be present in amounts found to be of public health significance, nor shall substances be present in amounts which are 
acutely harmful to animal, plant, or aquatic life. 

Limited Fishery and 
Aquatic Life, Limited 
Recreational Use, and 
Minimum Standards b 

89' 
6.0-9.0~ 

3.0 

200-400e 

0.014 

- - f 

- - 
- 

C There shall be no temperature changes that may adversely affect aquatic life. Natural daily and seasonal temperature fluctua- 
tions shall be maintained. The maximum temperature rise at the edge o f  the mixing zone above the existing natural tempera- 
ture shall not exceed   OF for streams. 

Warmwater Fishery and 
Aquatic Life, Limited 
Recreational Use, and 
Minimum Standards b 

89' 
6.0-9.0~ 

5.0 

200-400e 

0.014 

- * 
f 

- - 
. -9 

Water Quality Parameters 

Maximum Temperature (OF) 

pH Range (standard units) 
Minimum Dissolved 

Oxygen (mgll) 
Maximum Fecal Coliform 

(counts per 100 ml) 
Maximum Total Residual 
Chlorine (mgll) 

Maximum Un-ionized 
Ammonia Nitrogen (mgll) 

Maximum Total 
Phosphorus (mgll) 

Other 

d ~ h e  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. 

Warmwater Fishery 
and Aquatic Life, 

Recreational Use, and 
Minimum Standards b 

89' 
6.0-9.0~ 

5.0 

200-400e 

0.014 

- - f 

0.1 
- 

e Shall not exceed a monthly geometric mean of 200 per 100 m l  based on not less than five samplesper month nor a monthly 
geometric mean of 400 per 100 ml  in more than 10 percent o f  all samples during any month. 



Table 94 Footnotes (continued) 

The following criteria shall apply for un-ionized ammonia nitrogen (NH3-N). 

1. The concentration at aN times shall not exceed the acute toxicity value calculated by: 

Acute Toxicity Value 
for Unionized Ammonia 
Nitrogen (mg/l) = 0.822 0.15 x f f T) [ fin] 

where: 

At water temperatures equal to or greater than 1@C, f f  T) = 1 

At water temperatures less than I@C, f(T) = 1 + ~ o ~ - ~ ~ - P ~  

2. The average concentration over any 30-consecutive-day period shall not exceed the chronic toxicity value calculated by: 

Chronic Toxicity Value 
for Un-ionized Ammonia 
Nitrogen (mg4 = 0.822 0.03 1 x f(T) [ ml 

where: 

A t  pH levels equal to or greater than 7.7 standard units, fc(pH.l= 1 

A t  pH levels less than 7.7 standard units, fc(pH) = 74f7.7-pH) 

These un-ionized ammonia nitrogen criteria may be modified, i f  appropriate, to reflect local site-specific conditions and to 
protect only those fish and aquatic life species or age or size classes that occur, or are desired, within a certain water body. 
Such site-specific modifications shall be conducted in conformance with the guidelines set forth in U. S. Environmental Pro- 
tection Agency, Office of Research and Development, "Guidelines for Deriving Numerical Aquatic Site-Specific Criteria by 
Modifying National Criteria," draft, December 1982. These site-specific criteria modifications, however, should be used with 
caution because of a relative scarcity of toxicity information on less sensitive fish and aquatic life species. 

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 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-440/9-76-003, 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 Wastewater, 14th Edition, 
American Public Health Association, New York, 1975, or other methods approved by the Department of Natural Resources. 

Source: SEWRPC. 469 



Table 95 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF 'THE RECOMMENDED 
PLAN FOR THE OAK CREEK WATERSHED BY PLAN ELEMENT AND YEAR: 1986-2000 

NOTE: All costs are estimated in constant 1980 dollars. 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Floodland Management Element 

Structure 
Channel Deepening F loodproof ing. Maintenance of 
and Shaping, and Elevation, and Streamflow Recreational 

Bridge Replacement Removal Gaging Navigation Subtotal 

Operation Operation Operation Operation 
Calendar Project and and and and 

Year Year Capital Maintenance Capital Maintenance Capital Maintenance Capital Maintenance Total 

1986 1 $ - -  $ - -  $1 38,400 $ 7,000 $ - -  $ - -  $ 138,400 $ 7,000 $ 145,400 
1987 2 158,500 1.000 1 38.400 7,000 140,000 5,000 436,900 13,000 449,900 
1988 3 158,500 1.000 138,400 7,000 - - 5,000 296,900 13,000 309.900 
1989 4 - - 1.000 138,400 7,000 - - 5,000 138,400 13,000 151,400 
1990 5 - . 1.000 1 38,400 7,000 55,000 5,000 193,400 13,000 206,400 
1991 6 - - 1.000 -. 7,000 - - 5,000 - - 13,000 13,000 
1992 7 - - 1 .OOo - - 7,000 - - 5,000 - - 13,000 13,000 
1993 8 . . 1.000 - - 7,000 - - 5,000 - - 13,000 13,000 
1994 9 - - 1.000 -. 7,000 - - 5,000 - - 13,000 13,000 
1995 10 - . 1.000 - - 7,000 - - 5,000 - - 13,000 13,000 
1996 11 - - 1,000 - - 7,000 - - 5,000 - - 13,000 13,000 
1997 12 - . 1.000 - - 7,000 . . 5,000 - - 13,000 13,000 
1998 13 - - 1.000 . - 7,000 - - 5,000 -. 1 3,000 13,000 
1999 14 - - 1.000 - - 7,000 - - 5,000 - - 13,000 13,000 
2000 15 - - 1,000 . . 7,000 - - 5,000 - - 13,000 13,000 

Watershed Total $317,000 $14,000 $692,400 $1 05,000 $195,000 $70,000 $1,204,000 $189,000 $1,393,000 

Annual Average $21,100 $ 900 $ 46,100 $ 7,000 $ 13,000 $ 4,700 $ 80,200 $ 12,600 $ 92,800 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Watershed Total 

Annual Average 

Element 

Subtotal 
Primary 

Environmental Corridor 

Land Use and Park and Open Space 

Parks and 
Recreation Corridor 

Capital 

$ 269,530 
269,530 
269,530 
269,530 
269,530 
319,530 
319,530 
319,530 
319,530 
319.530 
120,530 
120,530 
120,530 
120,530 
120,530 

$3,547,950 

$ 236,500 

Land 
Acquisition 

$ 137,000 
137,000 
137,000 
137,000 
137,000 
137,000 
137,000 
137,000 
137,000 
137,000 

. - 
- - 
. . 
- - 
. - 

$1,370,000 

$ 91,300 

Land 
Acquisition 

and 
Development 

$ 132,530 
132,530 
132,530 
132,530 
132,530 
182,530 
182,530 
182,530 
1 32.530 
132.530 
120,530 
120,530 
120,530 
120,530 
120,530 

$2.1 77,950 

$ 145,200 

Operation 
and 

Maintenance 

$ 2.000 
4.000 
6.000 
8,000 

10.000 
12,000 
14,000 
16,000 
18.000 
20,000 
20,000 
20,000 
20,000 
20.000 
20,000 

$21 0.000 

$ 14,000 

Operation 
and 

Maintenance 

$ 4,800 
9,600 

14,400 
19,200 
24,000 
33,800 
43,600 
53,400 
63,200 
73.000 
78,340 
83,680 
89,020 
94,360 
99,700 

$784,100 

$ 52,300 

Operation 
and 

Maintenance 

$ 6,800 
13.600 
20,400 
27,200 
34,000 
45.800 
57,600 
69,400 
81,200 
93.000 
98,340 

103,680 
109,020 
1 14.360 
1 19,700 

$994,100 

$ 66,300 

Total 

$ 276,330 
283,130 
289,930 
296,730 
303,530 
365,330 
377,130 
388.930 
400,730 
412.530 
218,870 
224.21 0 
229,550 
234,890 

. - 

$4,542,050 

$ 302,800 



Table 95 (continued) 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Total 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Operation I and 
Capital Maintenance 

Watershed Total 

Annual Average 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Fishery Development 

Removal or Modification of 
Dam and Drop Structures. 
Instream Habitat M~tigation, 
Stream Bank Stabilization. 

Fish Stocking 

Capital 

$ - -  
17.000 
16,000 
16,000 
16,000 
. . 
. . 
. . 
. . 
. . 
. . 
.. 
-. 
. . 
. . 

$65,000 

$ 4,300 

Total 

Watershed Total 

Annual Awrage 

Watershed Total 

Element 

Subtotal 

$ - -  
17.000 
16,000 
16,000 
16,000 

- - 
. . 
. - 
. . 
-. 
. - 
. . 
. . 
-. 
. . 

$65.000 

$ 4.300 

Water Quality 

Water 
Quality 

Monitoring 

Operation 
and 

Maintenance 

$10,000 
- - 
- - 
- - 
- - 

10,000 
- - 
- - 
- - 
- - 

10.000 
- - 
- - 
- - 
- - 

Management Element 

Subtotal 
Nonpoint Source 

Pollution Abatement 

Annual Average 

$30,000 

$ 2,000 

Capital 

$ 585,000 
393,000 
393,000 
570,000 
393,000 
335,000 
486,000 
335,000 
335,000 
335.000 
335,000 
335,000 
335,000 
335,000 
335,000 

$5,835,000 

$ 389,000 

Total 

$ 789,000 
597,000 
598,000 
781,000 
605,000 
558,000 
71 0.000 
560,000 
561,000 
562,000 
573,000 
564,000 
565,000 
566,000 
567,000 

$9,165,000 

$ 61 1.000 

Capital 

$ 585,000 
393,000 
393,000 
570,000 
393,000 
335,000 
486,000 
335,000 
335,000 
335,000 
335,000 
335,000 
335,000 
335,000 
335,000 

$5,835,000 

$ 389,000 

Operation 
and 

Maintenance 

$ 203,000 
204,000 
205,000 
2 1 1.000 
21 2,000 
21 3,000 
224,000 
225,000 
226,000 
227,000 
228,000 
229,000 
230,000 
231,000 
232,000 

$3,300,000 

$ 220,000 

Source: SEWRPC. 

$ 709,900 

Operation 
and 

Maintenance 

$ 213,000 
204,000 
205,000 
21 1,000 
21 2,000 
223,000 
224,000 
225,000 
226,000 
227,000 
238,000 
229,000 
230,000 
231,000 
232,000 

$3,330,000 

$ 222,000 

$ 300.900 $ 1,010,800 



Table 96 I 
ABILITY OF THE RECOMMENDED COMPREHENSIVE PLAN FOR THE OAK CREEK WATERSHED 

TO MEET ADOPTED WATERSHED DEVELOPMENT OBJECTIVES AND STANDARDS 

Objective Degree t o  Which 

Number Description Standard Standard is Met 

1 

2 

3 

LAND USE OBJECTIVES 

A balanced allocation o f  space Residential Highdensity urban-eight net acres 
t o  the various land use land allocation per 100 added dwelling units 

categories which meets 
the social, physical, and Mediumdensity urban-23 net acres 
economic needs of the per 100 added dwelling units 
resident population i n  
the Oak Creek watershed Lowdensity urban-83 net acres 

per 100 added dwelling units 

Suburban-167 net acres per 
100 added dwelling units 

A spatial distribution o f  the 
various land uses which wi l l  
result i n  a compatible 
arrangement o f  land uses 

A spatial distribution of 
various land uses which 
wi l l  result in the protection 
and wise use of the natural 
resources of the Oak Creek 
watershed including its soils, 
inland lakes and streams, 
wetlands, woodlands, and 
wildlife 

Rural-500 net acres per 
100 added dwelling units 

Park and recreation Major-four net acres per 
land allocation 1,000 added persons 

Other--eight net acres per 
1,000 added persons 

Industrial land Seven net acres per 
allocation 100 added employees 

Commercial land Major-one net acre per 
allocation 100 added employees 

Other-two net acres per 
100 added employees 

Governmental and Nine net acres per 
institutional 1,000 added persons 
land allocation 

Neighborhood units for urban high-, medium-, and lowdensity 
residential development 

Suburban and rural residential land location 

Industrial land location 

Regional commercial land location 

Soils Sewered urban development 

Unsewered suburban development 

Rural development 

Inland lakes and streams 25 percent o f  shoreline of perennial 
streams in natural state 

50 percent of shoreline of perennial 
streams in nonurban use 

Floodlands free from new 
incompatible urban development 

Restrict encroachments in 
channels and floodways 

Wetlands Protect wetlands over 50 acres and 
those with high resource values 

Woodlands Protect 10 percent of watershed 

Maintain five acres per 
1,000 population 

Wildlife Maintain a wholesome habitat 

~ e t ~  

Meta 

Partially Meta 

Partially ~ e t ~  

Partially Meta 

Meta 

Could be Metb 

Met 

Met 

Met 

Meta 

~ e t ~  

Meta 

Met 

Met 

Met 

Met 

Met 

No t  Met 

Met 

Met 



Table 96 (continuedl 

Number 

4 

5 

6 

7 

Standard 

Maximize use o f  existing transportation and ut i l i ty facilities 

Transportation systems to  provide access t o  urban areas 

Sewer service to residential areas 

Water supply t o  residential areas 

Residential land serviceable by  mass transit facilities 

Minim-ize penetration by  major transportation routes of residential 
neighborhood units 

Locate transportation terminal facilities near principal land 
uses served 

Locate residential development in physically self-contained 
neighborhood units 

Locate appropriate land uses within neighborhood units 

Locate suburban and rural residential development properly 
t o  environment 

Regional industrial site requirements 

Regional commercial site requirements 

Local industrial site requirements 

Local commercial site requirements 

Local park spatial location 

Regional park spatial location 

Areas of scientific, cultural scientific, and educational value 

PARK AND OPEN SPACE OBJECTIVES 

Objective 

Description 

A spatial distribution of the 
various land uses which is 
properly related t o  the 
supporting transportation, 
util ity, and public facility 
systems in order t o  assure 
the economical provision 
of transportation, util ity, 
and municipal services 

The development and 
conservation of residential 
areas within a physical 
environment that is healthy, 
safe, convenient, and 
attractive 

The preservation, development, 
and redevelopment o f  a 
variety of suitable industrial 
and commercial sites in 
terms of both physical 
characteristics and location 

The preservation and provision 
o f  open space to  enhance 
the total quality o f  the 
environment, maximize 
essential natural 
resource availability, give 
form and structure t o  urban 
development, and facilitate 
the ultimate attainment o f  
a balanced year-round 
outdoor recreational 
program providing a fu l l  
range of facilities for 
all age groups 

Degree t o  Which 
Standard is Met 

Meta 

Could be Met 

Meta 

Meta 

Met 

Could be Metb 

Could be Metb 

Could be Metb 

Could be Metb 

Met 

Meta 

Meta 

Could be Metb 

Could be Metb 

Could be Metb 

Meta 

Meta 

1 The provision of an integrated 
system of  public general-use 
outdoor recreation sites and 
related open space areas 
which wi l l  allow the resident 
population of the Oak Creek 
watershed adequate opportunity 
t o  participate i n  a wide range 
of outdoor recreation 
activities 

Sufficient recreation sites Regional 
t o  meet the recreation 
demand of population Multicommunity 

Community 

Neighborhood 

Recreation sites located within corridors 

Linear recreation corridor requirement 

Recreation corridor dimensions 

Travel distance t o  recreation corridors 

Resourceariented recreation corridors 

Met 

Met 

Met 

Met 

Metd 

Metd 

Metd 

Metd 

Metd 



Table 96 (continued) 

Objective 

Standard 

Preserve all remaining nonurban lands within corridors 

Preserve all prime agricultural lands 

Preserve agricultural lands adjoining recreation or educational sites 

pppp 

Minimize the total of all expenditures required t o  meet park 
demands and open space needs 

Number 

2 

3 

Degree to  Which 
Standard is Met 

Met 

Not  Applicable 

Partially Met 

Met 

Description 

The preservation of sufficient 
highquality open space 
lands for protection of the 
underlying and sustaining 
natural resource base and 
enhancement of the social 
and economic well-being 
and environmental quality 
of  the Region 

The efficient and economical 
satisfaction o f  outdoor 
recreation and related open 
space needs, meeting all 
other objectives at the 

1 

2 

SANITARY SEWERAGE SYSTEM AND WATER QUALITY MANAGEMENT OBJECTIVES 

The development of land Sanitary sewer servlce t o  medium- and highdensity urban development ~ e t ~  
management and water 
quality control practices and Sanitary sewer service t o  lowdensity development 
facilities-inclusive of sanitary 
sewerage systems-which wi l l  Sanitary sewer service in poor soil areas 
effectively serve the existing 
regional urban development Sanitary sewer service not provided t o  undeveloped primary 
pattern and promote imple- environmental corridor lands 
mentation of the regional 
land use plan, meeting the Sanitary sewer service not provided t o  floodlands 
anticipated need for storm- 
water runoff control Sanitary sewer service restricted i n  areas of soils with very severe 
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 i n  accordance wi th  land use plan 

Treatment and disposal of industrial wastes 

Provision of stormwater management facilities t o  existing proposed 
urban areas 

Priority t o  prime agricultural lands for land management practices 

Met 

MetC 

Could be MetC 

The development of land Level of treatment at sewage treatment plant No t  Applicable 
management and water 
quality control practices Sewage treatment plant discharge No t  Applicable 
and facilities-inclusive of 
sanitary sewerage systems- 
so as t o  meet the recom- 
mended water use objectives 
and supporting water quality 
standards as set fo r th  on 
Map 44 and in Table 77 

Standards for sewage treatment plants 

Existing sewage treatment plants scheduled t o  be abandoned 

Prohibition of sewage bypasses t o  storm sewers and waterways 

Elimination o f  combined sewer overflows 

No t  Applicable 

No t  Applicable 

Met 

Not  Applicable 

Interim sewage treatment plants 

Best practicable treatment o f  sanitary sewage 

Best available treatment o f  industrial sewage 

No nonconforming pollutant discharge 

Stormwater treatment and land management practices 

Stream fencing and feedlot runoff control 

Orderly transition o f  rural lands t o  urban uses 

No t  Applicable 

No t  Applicable 

~ e t '  

~ e t '  

MetC 

MetC 

MetC 



Table 96 (continued) 

Number 

3 

4 

5 

Standard 

Location of new and replacement sewage treatment plants 
outside the 100-year recurrence interval floodplain 

Floodproofing existing sewage treatment plants in the 100-year 
recurrence interval floodplain 

Location of new and replacement sewage treatment and stormwater 
treatment and storage facilities for compatibility w i th  existing 
and proposed development 

Provision o f  aesthetically compatible new and replacement sewage 
treatment plants with buffer zones between existing and 
proposed development 

Disposal o f  sewage treatment plant sludge 

Proper location of pollutant storage facilities i n  relation to the 
100-year recurrence interval floodplain 

Elimination of discharges o f  metals, pesticides, and other 
toxic and hazardous substances 

Nondegradation of existing water quality 

Minimize investment and operating costs o f  sanitary sewerage systems 
and stormwater control facilities and related land management 
practices 

Minimize number of sanitary sewerage system and sewage 
treatment facilities 

Maximize feasible use o f  pollution control facilities 

Use of new and improved materials and management practices 

Staged or incremental construction of sanitary sewerage facilities 

Minimize land acquisition costs for new sewer construction 

Minimize excessive clear water inflows and infi ltration into sanitary 
sewerage system 

Integrated design of sanitary and storm sewer systems 

Develop and establish system of user charges and industrial cost 
recovery for program support 

Maximum util ization o f  existing institutional structures 

Water pollution control by  local entities 

Provide management groups wi th  necessary resources 

Objective 

Description 

The development of land 
management and water 
quality control practices 
and facilities-inclusive o f  
sanitary sewerage systems- 
that are properly related t o  
and wi l l  enhance the overall 
quality of the natural and 
man-made environments 

The development o f  land 
management and water 
quality control practices 
and facilities-inclusive o f  
sanitary sewerage systems- 
that are economical and 
efficient, meeting all other 
objectives at the lowest 
possible cost 

The development of water 
quality management 
institutions-inclusive of 
the governmental units and 
their responsibilities, 
authorities. policies, 
procedures, resources, and 
supporting revenue-raising 
mechanisms which are 
effective and locally 
acceptable, and which wi l l  
provide a sound basis for 
plan implementation, 
including the planning, 
design, construction, 
operation, maintenance, 
repair and replacement o f  
water quality control 
practices and facilities, 
inclusive of sanitary 
sewerage systems, storm- 
water management 
systems, and land 
management practices 

Degree t o  Which 
Standard is Met 

No t  Applicable 

No t  Applicable 

Not  Applicable 

No t  Applicable 

No t  Applicable 

No t  Applicable 

Could be ~ e t '  

Could be ~ e t '  

Could be Met 

Met 

Met 

Could be Met 

Met 

Met 

Met 

Could be Met 

Could be Met 

Met 

Met 

Could be Met 



Table 96 (continued) 

a ~ h i s  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 ~ h i s  standard could be met only by local community action. 

Objective 

'This standard has been met under the recommended water quality management plan because it served as an input to the plan design process. 

d ~ h i s  standard has been met under the recommended regional Park and Open Space plan because it served as an input to the plan design process. 

Standard Number 

Source: SEWRPC. 

Degree to Which 
Standard is Met Description 

1 

2  

An  integrated system of 
drainage and f lood control 
facilities and floodland 
management programs which 
wi l l  effectively reduce 
flood damage under the 
existing land use pattern 
o f  the watershed and 
promote the implementation 
of the watershed land use 
plan, meeting the anticipated 
runoff loadings generated 
by  the existing and proposed 
land uses 

-- 

A n  integrated system of land 
management and water 
quality control facilities 
and pollution abatement 
devices adequate t o  assure 
a quality o f  surface water 
necessary t o  support 
recreational use 

WATER CONTROL OBJECTIVES 

New and replacement Minor streets-pass the 10-year 
bridges and culverts recurrence interval flood 

Arterial streets and highways-pass the 
50-year recurrence interval flood 

Freeways and expressways-pass the 
100-year recurrence interval flood 

Railroads-pass the 100-year 
recurrence interval flood 

New or replacement bridges and culverts shall pass the 100-year recurrence 
interval flood without raising the peak stage more than 0.1 feet 

Structure design shall maximize passage o f  ice f low and debris 

Certain new and replacement bridges and culverts shall pass the 
100-year recurrence interval flood wi th  two feet of freeboard 

Existing bridges and culverts t o  meet standards 1, 3, and 4 above 

Channel improvements, dikes, and floodwalls should be restricted to the 
absolute m i n ~ m u m  necessary 

The height of dikes and floodwalls shall pass the 100-year recurrence 
interval flood with two feet o f  freeboard 

The construction of channel modifications, dikes, or floodwalls t o  
change limits of regulatory floodlands 

Upon completion of the construction of reservoirs and diversions, 
regulatory floodland limits wi l l  be changed 

A l l  other water control facilities such as dams or diversion channels 
shall accommodate the 100-year recurrence interval f lood 

Public land acquisition t o  eliminate water control facilities shall 
encompass the entire 100-year recurrence interval floodplain 

Regulatory floodways shall accommodate existing committed and 
planned floodplain land uses 

Floodway stage increase limited t o  0.1 foot based on equal degree 
of encroachment 

Satisfy established water quality standards which are applicable 
except during 1) extreme low-flow periods and 2 )  extreme 
conditions recognized in the probabilistic approach to  water quality 
standards achievement 

Flood control and stormwater management facilities designed to  

minimize negative impacts on fish and aquatic life and t o  support water 
use objectives. 

Could be Met 

Could be Met 

Could be Met 

Could be Met 

Could be Met 

Could be Met 

Could be Met 

Not  Met 

Met 

Not  Applicable 

Could be Met 

Not  Applicable 

Not  Applicable 

Partially Met 

Could be Met 

Could be Met 

Met 

Met 



Table 97 

PROBABLE CONSEQUENCES OF NOT IMPLEMENTING THE RECOMMENDED 
COMPREHENSIVE PLAN FOR THE OAK CREEK WATERSHED 

Plan Element 

Land Use 

Floodland 
Management 

Fishery 
Development 

Plan Subelement 

Overall land use 

Primary environmental corridor 

Park and open space plan 

Recreational trails 

Flood control measures for 
watershed 

Bridge replacement 
(for transportation purposes) 

Land use controls 
Floodland regulations. . . . . . . . . . 

Control of land use outside 
floodlands. . . . . . . . . . . . . . . . 

Flood insurance . . . . . . . . . . . . . 

Lending institution and 
realtor policies . . . . . . . . . . . . . 

Community ut i l i ty  policies. . . . . . . 

Emergency procedures . . . . . . . . . 

Accessory considerations 
Stream gaging network . . . . . . . . . 

Maintenance of recreational 
navigation at mouth of Oak 
Creek . . . . . . . . . . . . . . . . . . 

Development of Oak Creek fishery 

Probable Consequences of Failure 
t o  Implement Plan Recommendations 

Increased cost of public utilities and services such as sanitary 
sewerage, water supply, transportation, and police and 
fire protection 

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 

Prevention o f  fu l l  public use and enjoyment of primary 
environmental corridor lands 

Continuation of the average annual f lood damage risk of 
$29,000 or more under existing conditions 

Interference with operation of highway and railroad facilities 
during f lood events 

Increased flood losses due to  construction of new flood- 
prone structures 

Aggravation of upstream and downstream flood problems due 
t o  loss of conveyance and storage resulting in  an increase in  
average annual f lood damages 

Loss of critical portions of primary environmental corridors 

lncreased runoff to  the stream system resulting in an increase 
in average annual flood damages 

Large monetary losses absorbed by ownersof 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 t o  property and risk t o  property owners due to  
inadequate information about floods already in  progress 

Lack of critical f low data on actual f lood events for use in 
monitdring urbanization effects and in eventually refining 
simulation models 

Continued problem of sandbar development resulting in 
inability t o  use Grant Park boat launch 

Lack of a balanced fish population 
Lack of a recreational sport and forage fishery 
Loss of funding for the navigational channel jetty and fishing 
pier for the handicapped 
Continuing water quality problems and nuisances within the 
Mi l l  Road dam pond as a result o f  the maintenance of the 
pond environment 
Continued cost of dredging and dam maintenance for the 
Mi l l  Road dam 
Loss of ecological, aesthetic, and educational values associated 
with a balanced fish and aquatic life community 
Loss of impetus for implementing additional watershed plan 
elements such as the water quelity and park and open space 
plan elements 



Table 97 (continued) 

Source: SEWRPC. 

Plan Element 

Water Quallty 

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 continued 
enjoyment of the recreational, aesthetic, ecological, 
and cultural values associated with the riverine 
areas, while avoiding the intensification of flood 
damage and water pollution problems. Primary 
environmental corridor preservation would be 
accomplished by public regulation and acquisition 
of corridor lands. In addition to recommending the 
preservation of the 417 acres of existing primary 
environmental corridor lands in the watershed, the 
plan recommends that 579 acres of publicly owned 
land and land proposed for public acquisition be 
restored to wetland vegetation. The recommended 
plan would accommodate a plan year 2000 popu- 
lation in the watershed of about 72,600 persons 
and a planned employment level of about 27,300 
jobs. To accommodate the increase in population 
and employment, an additional 11 square miles of 
land would be converted from rural to urban use. 

The overall land use plan element for the Oak 
Creek watershed is intended, in part, to minimize 
the aggravation of existing flood problems and help 
prevent future flood problems. Structural and 
nonstructural 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 flood- 
land management plan element recommends chan- 
nel deepening and shaping along 1.4 miles of Oak 
Creek and 1.0 mile of the North Branch of Oak 

Plan Subelement 

Industrial discharge abatement 
Sanitary sewer service to all 

new urban development 
Elimination of malfunction~ng 

onsite disposal systems 

Rural and urban nonpoint source 
pollution control measures 

Water quality monitoring program 

Creek, as well as the floodproofing, elevation, or 
removal of up to 29 structures. Local drainage 
problems within the watershed are recommended 
to be addressed through stormwater manage- 
ment system plans to be prepared on a subwater- 
shed basis. 

Probable Consequences of Failure 
to Implement Plan Recommendations 

Localized pollution problems 
0 Localized and instream hazards and localized objectional 

aesthetic conditions 
0 Continued contamination of surface waters and groundwater 

with pathogenic pollution and continued nutrient loading 
and aesthetic pollution of streams 

0 Continued watershedwide surface water quality degradation 
during and immediately after runoff events, as well as 
during normal and low-flow periods 

Lack of data for use in documenting impact of watershed 
development on water quality 

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. Based 
upon the application of these standards, it was 
determined that, of the 101 bridges and culverts in 
the watershed, a total of 18  crossings are hydrauli- 
cally inadequate. Two additional crossings are to 
be replaced under recommended flood control 
measures. Also included in the floodland manage- 
ment element are various supplemental measures 
intended to minimize the monetary losses associ- 
ated with flooding, including participation in the 
federal Flood Insurance Program and continuation 
of desirable lending institution and realtor policies 
concerning the sale of riverine area properties. 

Finally, the floodland management element 
includes two recommendations which, while not 
directly related to floodland management, relate to 
the hydrology and hydraulics of the watershed. 
The first recommendation is for the maintenance 
of a basic cooperative stream gaging program. The 
second recommendation is for a plan to alleviate 
the chronic sandbar formation problem at the 
mouth of Oak Creek. Specifically, this element 
recommends the construction of a navigation 
channel at the mouth of Oak Creek which would 



allow passage of small fishing and recreational 
boats. This construction would be supplemented 
by either minimal dredging or the flushing of 
accumulated sand with either water stored behind 
a dry dam to be located just upstream from the 
Grant Park boat launch or water pumped through 
diffusers placed within the navigation channel. 

The fishery development element of the Oak Creek 
watershed plan calls for the following measures 
intended to improve the quality of the Oak Creek 
fish population: 1 )  notching the existing Mill Road 
dam down to the streambed to provide an opening 
of 40 feet at the top of the dam and 10  feet at  
the base of the dam; 2) dredging a portion of the 
accumulated sediment behind the Mill Road dam 
to normalize the streambed gradient and to re-create 
stream meanders; 3) removal or modification of 
five sill and drop structures; 4) instream habitat 
mitigation measures; 5) stream bank stabilization 
measures; and 6) an initial fish stocking program. 

The recommended Oak Creek watershed plan 
incorporates those water quality management 
measures set forth in the adopted regional water 
quality management plan which are directly 
applicable to the Oak Creek watershed. These 
include the control of industrial waste discharges 
to the stream system, the institution of measures 
to control nonpoint source pollution from both 
rural and urban land surfaces, and the develop- 
ment of a water quality monitoring program for 
the watershed. 

A preliminary schedule of capital and operating 
and maintenance costs was prepared which, if 
followed, would result in total watershed plan 
implementation by the year 2000. The capital cost 
of implementing the entire Oak Creek watershed 
plan is estimated at $10.6 million, representing an 
average annual capital expenditure over the 15-year 
period of nearly $710,000. Of this total, about 
$3.6 million, or about 34 percent and representing 
an average annual expenditure of $236,500, is 
required to implement the park and open space 
element of the plan, including the acquisition of 
primary environmental corridor lands; about 
$5.8 million, or about 55 percent of the total and 
representing an average annual expenditure of 
$389,000, is required for implementation of the 
water quality management element of the plan; 

about $1.2 million, or about 11 percent of the 
total and representing an average annual expendi- 
ture of about $80,200, is required for implementa- 
tion of the floodland management element of the 
plan; and about $65,000, or less than 1 percent 
and representing an average annual expenditure of 
about $4,300, is required for implementation of 
the fishery development element of the plan. 

The total capital investment and operation and 
maintenance cost required for plan implementation 
may be expected to approximate $1.0 million on 
an average annual basis, or about $18.05 per capita 
per year over the 15-year plan implementation 
period. This per-capita cost is based on a resident 
watershed population of 56,000 persons-the 
average resident population in the watershed 
between the 1980 population level of 39,700 per- 
sons and the plan year 2000 population level of 
72,600 persons. The average annual cost of imple- 
mentation of the land use and park and open space 
element, the water quality management element, 
the floodland management element, and the 
fishery development element are estimated, respec- 
tively, at $302,800, or $5.41 per capita; $611,000, 
or $10.91 per capita; $92,800, or $1.66per capita; 
and $4,300, or $0.07 per capita. 

The comprehensive plan was evaluated for its 
ability to meet the adopted watershed develop- 
ment objectives and standards. The analysis indi- 
cates 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, more healthful, and 
more pleasant, as well as 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 Oak Creek 
watershed based on analyses carried out under the 
watershed planning program and on empirical 
evidence gathered from other portions of the 
Planning Region. This evaluation indicates that, in 
the absence of watershed plan implementation, the 
Oak Creek watershed will be susceptible to aggrava- 
tion of the existing water resource problems and to 
the development of new problems. 
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Chapter XV 

PLAN IMPLEMENTATION 

INTRODUCTION 

The recommended comprehensive plan for the Oak 
Creek watershed, as described in Chapter XIV of 
this report, provides a design for the attainment 
of the watershed development objectives formu- 
lated under the Oak Creek watershed study. The 
final watershed plan consists of three major ele- 
ments: 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 nonpoint source pollution 
abatement subelements.' 

While the recommended comprehensive plan for 
the Oak Creek 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 Oak 
Creek watershed plan. Basically, it outlines the 
actions which must be taken by the various levels 
and agencies of government concerned if the 
recommended 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 Oak Creek 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 concerned 
with respect to the land use, floodland manage- 

' The recommended land use plan element, the 
floodland management plan element, and the water 
quality management plan element, as well as 
the process used to  arrive at these elements and 
the alternatives considered, are described in Chap- 
ters XI, XII, and XIII, respectively. 

ment, and water quality management plan ele- 
ments of the comprehensive watershed plan. In 
addition, financial and technical assistance pro- 
grams available for implementation of the water- 
shed plan are identified. 

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 1985 
governmental programs and are predicated upon 
enabling legislation. Because of the ever-present 
possibility of unforeseen changes in economic 
conditions, state and federal legislation, case law 
decisions, governmental organizations, 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 adminis- 
tered and financed. In the continuing regional 
planning program for southeastern Wisconsin, it 
will therefore be necessary to periodically 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 not only must 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 
particular 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. 



P p  
There are three principal ways in which to achieve 
the necessary plan implementation-ways which 
parallel the three functions of the Regional Plan- 
ning Commission: 1) inventory, 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 planning and plan 
implementation activities. All require a receptive 
attitude and active planning and plan implementa- 
tion 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 Oak Creek 
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 
concerned can contribute substantially toward 
implementation of the recommended water- 
shed plan. 

With respect to 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 recom- 
mendations for structural flood control measures 
and pollution abatement must be carried through 
preliminary engineering to  the final design stages. 
Further study must be given to the acquisition and 
development of proposed neighborhood parks and 
the development of urban outdoor recreational 
facilities. The preparation of such detailed plans 
will, require the continuing development of close 
working relationships between the Commission, 
the Milwaukee County Board, the local units 
of government concerned, and certain other 

agencies-in particular, the Milwaukee Metropoli- 
tan Sewerage District and the Wisconsin Depart- 
ment of Natural Resources. 

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 facilitate 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 Oak 
Creek watershed plan constituted the first, or 
systems planning, phase of what may be regarded 1 
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 Oak Creek watershed plan requires an under- 
standing of this three-phase process, the process is 
briefly described below. Although emphasis is 
placed on use of the process in preparing a com- 
prehensive plan for the Oak Creek watershed and 
in the subsequent steps needed to advance that 
plan toward implementation, it is important to  
note that the three-phase process is applicable to  
any regional or subregional plan containing recom- 

I 
mendations 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. 1 

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 



systems 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 nontech- 
nical and noneconomic characteristics. 

Properly conducted, systems planning is compre- 
hensive in three ways. First, it takes into considera- 
tion the entire system and attendant rational 
planning area most likely to significantly influence 
the environmental and developmental problems of 
concern and the proper resolution of those prob- 
lems. Water resource problems, for example, 
should be approached on a watershed basis because 
the watershed system is the most rational planning 
area for such problems. Man's use of the land and 
changes in land use in one portion of a watershed 
can markedly influence the environment in other 
areas of the watershed; for example, urban devel- 
opment and channel modifications can have a 
significant impact 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 exist- 
ing and planned land use in the watershed system 
and that land use is, in turn, determined by socio- 
economic 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 environmental conditions 
likely to influence the cause of, and solution to, 
water resource problems within the watershed. 

Third, the systems planning phase is comprehensive 
in that a full spectrum of potential solutions to the 
water resource problems are considered during the 
public works development process. Because of the 
many measures, variations on measures, and com- 
binations of measures that are available, it is recog- 
nized 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 pos- 
sible solutions. The key to efficient systems plan- 
ning is not examining each of the many possible 
alternative measures but rather examining alterna- 

tives that define the boundaries of the continuum 
and that are truly representative of the full range 
of available measures within the continuum. 

Preliminary Engineering: Although systems plan- 
ning 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 techni- 
cal, economic, environmental, and other features 
of the plan elements be analyzed in 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 by the implementing units and agencies 
of government concerned subsequent to  the adop- 
tion of the areawide systems plan. 

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 presumes that 
the optimum solution has been identified under 
the systems planning phase. Preliminary engineer- 
ing concentrates on examining variations of the 
recommended solution and on examining the 
technical, economic, environmental, and other 
features of those variations in depth in order to 
determine the best way to carry out the recom- 
mended 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 implement- 
ing 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 contractors to submit bids for the project 
and to actually construct the recommended works. 
Engineers responsible for carrying out the final 



phase should also be responsible for securing the 
necessary permits and other approvals from regula- 
tory and review agencies, for providing supervisory 
and inspection services during the actual construc- 
tion process, and for certifying to the governmental 
units and agencies involved that the construction is 
carried out in accordance with the design provi- 
sions and specifications. 

Other Considerations: For many reasons, the 
three-phase public works development process does 
not always proceed in a simple, linear three-step 
fashion. 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 systems analysis. 

Changing federal and state regulations and guide- 
lines can disrupt the three-phase process. This is 
particularly true if a significant change in those 
regulations and guidelines occurs subsequent to the 
systems planning 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, During 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 be rejected or encounter 
considerable opposition, necessitating an iteration 
to the systems planning 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 prelimi- 
nary 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. 

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 in terms of technical practicality, economic 
feasibility, and environmental impact. Superimpo- 
sition of man's works and activities on the natural 
resource base produces an urban ecosystem that is 
complicated in terms of its many and varied com- 
ponents and processes and the interrelationships 
between those components and processes-an eco- 
system 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 for, acquisition of land for, and 
construction of public works facilities such as 
sewerage and water supply systems, parks, waste 
treatment facilities, and soil and water conserva- 
tion projects must be submitted to an officially 
designated areawide planning agency for review, 
comment, and recommendation before considera- 
tion by the administering agency. The comments 



and recommendations of the areawide planning 
agency must include information on the extent to 
which the proposed project is consistent with the 
comprehensive planning program for the region, 
and the extent to which such a project contributes 
to the fulfillment of such planning programs. The 
review comments and recommendations of the 
areawide planning agency are advisory to the local, 
state, and federal agencies of government con- 
cerned and are intended to provide a basis for 
achieving the necessary coordination of public 
development programs in urbanizing regions of the 
United States on a voluntary, cooperative basis. If 
used properly, such reviews can be of material 
assistance in achieving implementation of the 
recommended Oak Creek 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 sub- 
mitted 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 certified as being either 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 
pleasant, 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 Oak Creek 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 Oak Creek watershed 
plan entirely dependent upon action by local, area- 
wide, state, and federal agencies of government. 

Examination of the various agencies that are 
available to implement the recommended water- 
shed plan under existing enabling legislation 
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 such as counties, 
cities, villages, and towns to special-purpose dis- 
tricts, such as metropolitan 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 Conservation 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 
recommended watershed plan elements. Accord- 
ingly, those agencies whose actions will have 
significant effect either directly or indirectly upon 
the successful implementation of the recom- 
mended comprehensive watershed plan and whose 
full cooperation in plan implementation will be 
essential are listed and discussed below.2 The 
agencies are, for convenience, discussed by level 
of government; however, the interdependence 
between the various levels, as well as between 
agencies of government, and the need for close 
intergovernmental cooperation cannot be over- 
emphasized. The creation of new agencies for 
watershed plan implementation should be consid- 
ered only if the existing agencies fail to carry out 
the plan in a timely manner; and, if found neces- 
sary, new agencies should be created in such form 
as to effectively complement and supplement 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 
coordinate and advise on the execution of the 
watershed plan and to undertake plan updating and 

2~ more detailed discussion of the duties and 
functions 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. 



renovation as necessitated by changing events. 
Although the Regional Planning Commission is 
charged with, and will perform, this continuing 
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 therefore 
recommended that the Oak Creek Watershed 
Committee be reconstituted as a continuing 
intergovernmental advisory committee to  provide a 
focus for the coordination of all levels of govern- 
ment in the execution of the Oak Creek watershed 
plan. The Oak Creek 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 Oak Creek 
Watershed Committee remain as members of the 
continuing committee and that the question of 
committee membership be left open so that 
additional members could be added to  the Com- 
mittee as appropriate. 

Local Level Agencies 
Statutory provisions exist for the creation at the 
county and municipal level of the following 
agencies 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 Agencies: County government has 
considerable latitude available in forming agencies 
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to  perform the park and outdoor recreation and 
zoning and planning functions of the county. 
Counties may organize park commissions or 
park and planning commissions pursuant to Sec- 
tion 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. 

In Milwaukee County, the Milwaukee County 
Parks, Recreation and Culture Committee of the 
County Board is responsible for the acquisition, 
development, operation, and maintenance of parks 
and parkways. Staff services for park and parkway 
matters are provided by the County Department of 
Parks, Recreation and Culture, which reports to 

the referenced County Board Committee. Because 
Milwaukee County contains no unincorporated 
area, there is no county zoning authority, and 

I 

neither the County Board Committee nor the 
Department carries out any related land use 
planning functions. 1 
County Highway Committees: County highway 
committees of the county board are required in I 

every county of Wisconsin, pursuant to Section 
83.015 of the Wisconsin Statutes. This requirement 
is met in the Oak Creek watershed through the 
Transportation and Public Works Committee of 
the Milwaukee County Board. Each county high- 
way committee is responsible for laying out, con- 
structing, and maintaining all county highways as I 

authorized by the County Board of Supervisors. 
County highway committees work in close coop- 
eration with the Wisconsin Department of Trans- 
portation. The Transportation and Public Works 
Committee for Milwaukee County has important 

I 
responsibilities with respect to the recommended 
construction and reconstruction of certain highway 
bridges within the Oak Creek watershed. 

County Land Conservation Committees: In 1982 1 
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 
governmental units. In place of that system, the 
county boards of supervisors are required to create 
within each county of the State a land conserva- 
tion committee. In so doing, the State Legislature 
recognized that the county is the dominant local 
unit of government responsible for natural resource 
protection programs, and in particular for soil and 
water conservation programs. 

The land conservation committees have a broad I 

range of discretionary authority, including the 
development and adoption of standards and 
specifications for management practices to  control 1 
erosion, sedimentation, and nonpoint sources 
of water pollution; the distribution and allocation 
of available federal and state cost-sharing funds 
for soil and water conservation; the conduct of 
research and educational information programs 
about soil and water conservation; the conduct of 
programs designed to prevent flood damage and 
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; and the construction, improvement, 
operation, and maintenance of structures needed 
for land conservation, flood prevention, and 
nonpoint source pollution control. In addition, 
land conservation committees are charged with the 
duty of preparing a long-range natural resource 
conservation plan for the county, including an 
erosion control plan and program. All of the 
activities of the land conservation committees are 
closely supervised by the county boards and 
subject to the fiscal resources made available by 
those boards. 

Municipal Planning Agencies: Municipal planning 
agencies include city, village, and town plan 
commissions 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 six communities within the 
watershed have established plan commissions in 
accordance with the Statutes. 

Areawide Agencies 
Statutory provisions exist for the creation of the 
following greawide agencies having both general 
and specific planning and plan implementation 
powers potentially applicable to the implementa- 
tion of the Oak Creek watershed plan. 

Milwaukee Metropolitan Sewerage District: The 
Milwaukee Metropolitan Sewerage Commission, 
which operates pursuant to Sections 66.88 through 
66.918 of the Wisconsin Statutes, has the power to 
project, plan, and construct sewage treatment 
plants, main and intercepting sewers, and pumping 
and temporary disposal works for the collection 
and transmission of domestic, industrial, and other 
sanitary sewage within the Milwaukee Metropolitan 
Sewerage District. The District consists of all of 
Milwaukee County except the City of South Mil- 
waukee and the southern portion of the Cities of 
Franklin and Oak Creek, and of those portions 
of the City of Milwaukee and Village of Bayside in 
Washington and Ozaukee Counties, respectively. 
The boundaries of the District are shown on 
Map 43 in Chapter IX. The Milwaukee Metropoli- 
tan Sewerage Commission, furthermore, may 
improve any watercourse within the District by 
deepening, widening, or otherwise changing the 
watercourse where such change is deemed neces- 
sary to carry off surface or drainage waters. Clearly, 
the District has important watershed plan imple- 
mentation functions relative to flood control and 
pollution abatement. 

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 Commission provides a basis for the 
creation and continued functioning of the Oak 
Creek Watershed Committee, which should remain 
as an important public planning organization in 
the watershed. 

State Level Agencies 
The following state level agencies have either 
general or specific planning authority and hold 
certain plan implementation powers important to 
the adoption and implementation of the compre- 
hensive Oak Creek watershed plan. 

Wisconsin Department of Natural Resources 
(DNR): The DNR has broad authority and responsi- 
bility 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. Pursuant to federal planning guidelines, 
the Secretary of the DNR is responsible for certify- 
ing areawide plans for water quality management 
to the U. S. Environmental Protection Agency 
(EPA). 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 sew- 
erage facilities. 

As noted in Chapter IX of this report, the respon- 
sibility for water pollution control in Wisconsin is 
centered in the Wisconsin Department of Natural 
Resources. The water pollution control authority 
and responsibilities 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 
districts; 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 
that is in conflict with any areawide wastewater 
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 limitations, per- 
formance 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; all effluent limitations, per- 
formance standards, effluent prohibitions, and 
pretreatment standards; and any other limitations 
which must be met to  comply with the established 
water use objectives and supporting water quality 
standards as developed under areawide waste 
treatment management planning programs. As 
appropriate, the permits may require periodic 
water quality monitoring to  determine compliance, 
and may include a timetable for appropriate action 
on the part of the owner or operator of any point 
waste discharge. This legislation, along with accom- 
panying procedures, is the primary tool used by 
the Wisconsin Department of Natural Resources to  
achieve the water use objectives and supporting 
water quality standards. 

The DNR also has the obligation to establish 
standards for floodplain and shoreland zoning and 
the authority to adopt, in the absence of satisfac- 
tory local action, shoreland and floodplain zoning 

ordinances. 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 I 

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 the abatement of water \ 

pollution; to administer state financial aid pro- 
grams for water resource protection; to assign 1 
priority for federal aid applications for sewerage 
facilities; to review and approve water supply and 

I 
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 the Region, the DNR 
will be extremely important to the implementation 
of nearly all of the major elements of the compre- 
hensive Oak Creek watershed plan. 

Wisconsin Department of Transportation (WisDOT) : 
This Department is broadly empowered to provide 
the State with an integrated transportation system. 
The WisDOT is responsible for administering all 
state and federal aid for highway and airport 
improvement; for planning, designing, construct- 
ing, and maintaining all state highways; and for 
planning, laying out, revising, constructing, recon- 
structing, and maintaining the national interstate 
and defense highway system, the federal aid 
primary system, the federal aid secondary system, 
the forest highway system, and the airport aid I 

system, all subject to federal regulation and con- 
trol. The WisDOT is also responsible for reviewing 
and approving changes in county trunk highway I 

systems. As such, the WisDOT, along with the 
respective county highway committees of the 
county boards of supervisors concerned, can 
contribute to full implementation of the Oak 
Creek watershed plan. 

Wisconsin Department of Agriculture, Trade and 
Consumer Protection: Under the 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 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, administers 
the State's farmland preservation program, reviews 
all county erosion control plans and the annual 
county and long-range county land conservation 
plans, and generally advises the Secretary of the 
Wisconsin Department of Agriculture, Trade and 
Consumer Protection and the University of Wis- 
consin on matters relating to  soil and water conser- 
vation. As such, the Department and its Land 
Conservation Board will have plan implementation 
responsibilities relative to the Oak Creek water- 
shed 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 
The following federal level agencies administer 
federal aid and assistance programs that can have 
important implications for implementation of 
the recommended Oak Creek watershed plan 
because of their potential impact on the financing 
of both land acquisition and construction of 
specific facilities. 

U. S. Environmental Protection Agency (EPA): 
The U. S. Environmental Protection Agency 
administers water quality management planning 
grants and sanitary sewerage facility construction 
grants. The latter can be particularly important to  
implementation of the water quality management 
element of the Oak Creek watershed plan. In 
addition, this agency is responsible for the ultimate 
achievement and enforcement of water quality 
standards for all interstate waters, should the states 
not adequately enforce such standards. In this 
respect, the EPA has delegated authority over the 
National Pollutant Discharge Elimination System 
(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, areawide water quality management and 
sanitary sewerage facilities plans must be prepared 
as prerequisites to the receipt of federal capital 
grants in support of sewerage works construction. 
As a designated areawide water quality manage- 
ment planning agency under Section 208 of the 
Federal Water Pollution Control Act, the Regional 
Planning Commission is engaged in a continuing 
areawide water quality management planning 
program for southeastern Wisconsin. 

U. S. Geological Survey: This agency conducts con- 
tinuing programs on water resource appraisal and 
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monitoring. The programs of the U. s ~eologica l  
Survey are important to the implementation of the 
continuous streamflow gaging program recom- 
mended in the Oak Creek 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 Oak Creek water- 
shed plan. 

U. S. Soil Conservation Service: This agency 
administers 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, 
agricultural water management, and flood preven- 
tion 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 Oak Creek watershed plan. 

Federal Emergency Management Agency: The 
Federal Emergency Management Agency is the 
primary federal agency responsible for emergency 
matters, including flooding emergencies. The 
agency provides technical assistance programs to  
state and local governments to reduce or eliminate 
flood risks and administers 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 mini- 
mum 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 Oak Creek 
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 undertaken under this pro- 
gram 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 program would be 
carried out 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, 
projects under both programs must be demon- 
strated to be economically feasible and environ- 
mentally sound. 

While the structural flood control elements of the 
recommended Oak Creek watershed floodland 
management plan can be implemented by existing 
local units and agencies of government, the Corps 
of Engineers could participate in such implementa- 
tion. This would require strong congressional, as 
well as local, support. Local implementation would 
be more certain and expeditious, but this certainty 
and expediency must be weighed by the governing 
bodies concerned against the 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 Oak Creek 
watershed plan. 

PLAN ADOPTION AND INTEGRATION 

Upon adoption of the Oak Creek 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 Oak Creek 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 acknowledgement 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 acknowledgement is, in 
some cases, required by the Wisconsin Statutes 
before certain planning actions can proceed. For 
example, such a requirement holds for city and 
village plan commissions created pursuant to 
Section 62.23 of the Wisconsin Statutes. In addi- 
tion, formal plan adoption may be required for 
state and federal financial aid eligibility. A model 
resolution for adoption of the comprehensive 
plan for the Oak Creek watershed is provided in 
Appendix I. Adoption of the recommended Oak 
Creek watershed plan by any unit or agency of 
government pertains only to the statutory duties 
and functions of the adopting agencies, and 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 Oak Creek 
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 con- 
sideration and approval the steps necessary 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 Milwaukee 

County Board of Supervisors formally adopt 
the Oak Creek watershed plan by resolu- 
tion, pursuant to Section 66.945(12) of 
the Wisconsin Statutes, after the issuance 
of a report and recommendation by the 
County Parks, Recreation and Culture 
Committee, the County Transportation and 
Public Works Committee, and the County 
Land Conservation Committee. 

2. It is recommended that the Plan Commis- 
sions of the Cities of Cudahy, Franklin, 
Greenfield, Milwaukee, Oak Creek, and 
South Milwaukee adopt the Oak Creek 
watershed plan as it affects them by resolu- 
tion, pursuant to Section 62.23(3)(b) of the 
Wisconsin Statutes, and certify such adop- 
tion to their respective governing bodies, and 
that upon such certification the governing 
bodies also adopt the recommended plan. 

Areawide Agencies 
1. It is recommended that the Milwaukee 

Metropolitan Sewerage Commission adopt 
the recommended Oak Creek watershed 
plan as the plan affects the work of that 
Commission. 

State Level Agencies 
1. It is recommended that the Wisconsin 

Natural Resources Board endorse the com- 
prehensive Oak Creek 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 Wisconsin Depart- 
ment of Natural Resources to integrate the 
recommended watershed plan elements into 
its broad range of agency responsibilities, as 
well as to assist in coordinating plan imple- 
mentation activities over the next 20 years. 
In particular, it is recommended that the 
Board, through its staff, coordinate the 
recommended Oak Creek watershed plan 
with those activities relating to water regula- 
tion and control; floodland, shoreland, and 
wetland zoning; and water quality manage- 
ment planning and water pollution abate- 
ment activities. 

I t  is recommended that the Secretary of the 
Wisconsin Department of Transportation 
endorse the Oak Creek 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 Oak Creek 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 Oak Creek 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 Oak Creek 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 Stabiliza- 
tion and Conservation Service, formally 
acknowledge the Oak Creek 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 
Oak Creek watershed plan and utilize the 
plan recommendations in the administration 
of its various soil and water conservation 
technical assistance programs. 

5. It is recommended that the Federal Emer- 
gency Management Agency formally acknow- 
ledge the Oak Creek watershed plan and use 
the floodland data 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 Oak Creek watershed plan. It is further 
recommended that the Corps cooperate with 
any local or state units and agencies of gov- 
ernment requesting assistance in the review, 
design, and construction of the floodland 
management elements of the recommended 
Oak Creek watershed plan. It is also recom- 
mended that the Corps of Engineers use 
the land use and environmental corridor 
elements of the plan in carrying out its regu- 
latory program relative to the placement 
of fill and the conduct 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 definition 
and characteristics of areawide planning suggest 
that for 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, 
the plan must be continually adjusted through 
formal amendments, extensions, additions, and 
refinements to reflect changing conditions. The 
Wisconsin Legislature 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 Section 66.945(9) of the Wisconsin 
Statutes. 

Amendments, extensions, and additions to the Oak 
Creek 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- 
ment. To achieve this coordination between local, 
state, and federal programs the most effectively 
and efficiently, and therefore to assure timely 
adjustments of the watershed plan, it is recom- 
mended that all of the foresaid state, areawide, and 
local agencies having plan and plan implementation 
powers advise and transmit all subsequent planning 
studies, plan proposals and amendments, and plan 
implementation devices to the Regional Planning 
Commission for consideration. Of particular 
importance in this respect will be the continuing 
role of the Oak Creek 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 Oak Creek 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 of flood 
damage mitigation will be achieved. Similarly, the 
maintenance and preservation of primary environ- 
mental corridors for natural resource protection 
and conservancy purposes will, in turn, assure the 
preservation of many of the best park and parkway 
lands remaining within the watershed. Although all 
of the plan implementation recommendations are 
closely interrelated, this section has been divided 
for convenience into the following major subject 



areas: overall land use plan element, open space 
preservation plan element, and outdoor recreation 
plan element. The recommended implementation 
actions are summarized in Table 98, and a schedule 
of the capital and operation and maintenance costs 
of t.his plan element is set forth in Table 99. 

Overall Land Use Plan Element 
The overall land use plan element of the Oak Creek 
watershed plan is arefinement 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 
element can best be accomplished through the 
adoption of the Oak Creek watershed plan and 
the implementation of that plan through local, 
state, and federal land use and 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 the Oak Creek water- 
shed, zoning is the responsibility of the Cities of 
Cudahy , Franklin, Greenfield, Milwaukee, Oak 
Creek, and South Milwaukee. In general, it is 
recommended that each of these communities 
review and, as necessary, revise their existing 
zoning ordinances and zoning district maps so as to 
implement the land use plan element of the Oak 
Creek watershed plan. The following suggestions 
are made to all zoning agencies within the water- 
shed 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 that 
can be economically served by municipal utilities 
and facilities-in particular, sanitary sewerage and 
water supply facilities--should be placed in exclu- 
sive residential districts related to  the development 
densities indicated on the recommended watershed 
land use plan. 

The balance of the proposed residential land use 
areas should be placed in exclusive agricultural 

districts which would act as holding zones for 
future 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 and Open Areas: Areas shown as agri- 
cultural and other open land in the recommended 
watershed land use plan should be placed in an 
exclusive agricultural use district which essentially 
permits only agricultural uses and which prohibits 
land division into parcels of less than 35 acres in 
size. Significant wetlands, woodlands, and wildlife 
habitat areas that may lie outside the environ- 
mental corridors but within the general agricultural 
and open space areas in the southeastern portion of 
the watershed should be placed in appropriate con- 
servancy 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 
character of the specific resource values to be 
protected within the corridor; and the attainment 
of the outdoor recreation, open space preservation, 
and resource base conservation objectives of the 
watershed plan. Prime wildlife habitat areas, wet- 
lands, woodlands, and undeveloped floodlands 
lying in the corridors generally should be placed in 
conservancy districts. Existing and potential park 
sites lying in the corridors should be placed in park 
districts that permit the development of appropri- 
ate private and public recreational facilities. 

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 the abatement 
of flood damages, including structure floodproof- 
ing and elevation, and the undertaking of channel 
improvements, it will be necessary to identify 



Table 98 

SUMMARY OF MAJOR OAK CREEK WATERSHED PLAN ELEMENTS AND 
PRIMARY IMPLEMENTING GOVERNMENTAL UNITS AND AGENCIES 

ReviewlRevision . . . . . . . . . . .  

. . . . . . . . . . .  
Zoning Ordinance 

. . . . . . . . . .  

aThe Wisconsin Department of Natural Resources is recommended as the lead agency. 

Source: SEWRPC. 

floodway districts for selected stream reaches so as 
to permit the placement of this 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 must review and 
approve all locally proposed extensions of public 
sanitary sewer systems. It is recommended that the 
DNR review all such extensions against the basic 
land use recommendations of the Oak Creek water- 
shed plan, ensuring that the development proposed 
to be served by extended sanitary sewers is com- 
patible 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 primary environmental corridors. 

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 of the Oak Creek watershed plan. It 
should be noted that some plan recommendations 
would seek to preserve and protect existing wet- 
lands, and others could result in the destruction of 
certain wetlands. It  is accordingly recommended 
that the state and federal agencies concerned 
recognize the comprehensive nature of the Oak 
Creek watershed plan, making agency decisions on 
wetland regulation in a manner consistent with 
that plan. It is also recommended that the six 
communities in the watershedall of which are 
now mandated by State law to  enact protective 
wetland zoning for 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 
will substantially contribute to implementation of 
the Topen space preservation plan element. In addi- 



I Table 99 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE PARK AND OPEN SPACE 
PLAN ELEMENT OF THE RECOMMENDED PLAN FOR THE OAK CREEK WATERSHED BY YEAR: 1986-2000 

NOTE: Al l  Costs are estimated in constant 1980 dollars. 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

a~ssumes that 10 percent of the recommended 396 acres of primary environmental corr~dor and parkway lands would be acquired in each of the ftrst 10 years of plan implementation at an estimated 
average cost of $3,40Oper acre. 

bBased on an annual operation and maintenance cost of $50 per acre for Primary environmental corridor land. 

C~ssumes that 20 percent of the 216.acre Falk Park sire would be developed in each of the middle five years of plan implementation at an estimated average cost of 81,200per acre. 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

d8ased on an annual operation and maintenance cost of $500per acre for major parkland. 

Watershed Total 

Annual Average 

e~ssumes that 20 percent of the undeveloped 4.5mile segment of the recommended sevenmile recreation corridor along the main stem of Oak Creek would be developed in each of the final five years of 
plan implementation at an estimatedaverage cost of $40,WOper mile. 

Primary 
Environmental Corridor 

f8ased on an annual operation and maintenance cost of $600 per mile for recreational trails. 

(Milwaukee 

~ a q u i s i t i o n ~  

$ 137.000 
137,000 
137.000 
137.000 
137,000 
137,000 
137.000 
137,000 
137.000 
137.000 

. . 

.. 

. . 

. . 

. . 

$1,370.000 

$ 91,300 

Total 

Acquisition 
and 

Development 

$ 269.530 
269,530 
269.530 
269.530 
269,530 
319.530 
319.530 
319,530 
319,530 
319,530 
120.530 
120,530 
120.530 
120,530 
120.530 

Falk Park 
Development 

'Assumes that acquisition and development costs for the 12 proposed urban parks would be evenly distributed over the 75-year plan implementation period. 

County) 

Operation 
and 

~a in tenance~  

$ 2.000 
4.000 
6.000 
8,000 

10.000 
12,000 
14.000 
16.000 
18,000 
20,000 
20.000 
20.000 
20.000 
20,000 
20,000 

$210,000 

S 14.000 

Operation 
and 

Maintenance 

$ 6.800 
13,600 
20,400 
27,200 
34.000 
45.800 
57,600 
69,400 
81.200 
93,000 
98,340 

103,680 
109.020 
1 14,360 
119,700 

$3,547,950 

$ 236,500 

(Milwaukee 

DevelopmentC 

$ - -  
. . 

. . 

. . 

. . 

50,000 
50,000 
50,000 
50.000 
50.000 
. . 
. . 
. . 
. . 
. . 

$250.000 

$ 16,700 

hBased on an annual operation and maintenance cost of $750per acre for urban parks. 

Source: SEWRPC. 

$994,100 

$ 66.300 

County) 

Operation 
and 

~a in tenance~  

$ - -  
. . 
. . 
.. 
. . 
5.000 

10,000 
15.000 
20.000 
25,000 
25,000 
25.000 
25,000 
25.000 
25,000 

$200,000 

$ 13,300 

Recreational 
Corridor Development 

tion to those recommendations, the plan recom- 
mends that those primary environmental corridor 
lands not already in public ownership be publicly 
acquired through whatever means possible, includ- 
ing purchase, dedication, or gift. Such lands total 
188 acres in area and lie primarily in an area 
encompassing a large concentration of wetlands 
and woodlands in the southeastern area of the 
watershed in the City of Oak Creek. In addition, 
the plan recommends that certain lands currently 
used for agricultural purposes be restored to wet- 
land vegetation, thereby restoring and re-creating 
primary environmental corridor lands. The plan 
recommends that those lands designated for 
restoration to wetland vegetation which are not 
already in public ownership be publicly acquired 
by purchase or dedication. Such lands total 122 
acres in area also located in the southeastern area 
of the watershed in the City of Oak Creek. It is 
recommended that the Milwaukee County Depart- 
ment of Parks, Recreation and Culture gradually 

Additional Urban 
Parks (Local Units 

(Milwaukee 

Developmente 

$ - -  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

36,000 
36,000 
36.000 
36,000 
36.000 

$180.000 

$ 12,000 

acquire the undeveloped primary environmental 
corridor lands and preserve such lands in their 
natural state. It is also recommended that the 
Department gradually acquire and restore those 
lands designated for restoration to wetland vegeta- 
tion. This land acquisition recommendation was 
previously made in the regional park and open 
space plan. 

of 

Acquisition 
and 

Developmentg 

$ 132.530 
132.530 
132,530 
132,530 
132.530 
132.530 
132,530 
132,530 
132,530 
132,530 
84.530 
84,530 
84,530 
84,530 
84,530 

$1,747,950 

$ 116.500 

County) 

Operation 
and 

Maintenancef 

$ - -  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
540 

1,080 
1,620 
2,160 
2.700 

$8.100 

$ 600 

Secondary environmental corridors in the water- 
shed are located along the upper reaches of Oak 
Creek, along the North Branch of Oak Creek, along 
a portion of the Mitchell Field Drainage Ditch, and 
along several intermittent streams tributary to Oak 
Creek, the North Branch of Oak Creek, and the 
Mitchell Field Drainage Ditch. These corridors are 
important, 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 secondary environmental cor- 

Government) 

Operation 
and 

Maintenanceh 

$ 4,800 
9,600 

14,400 
19.200 
24.000 
28.800 
33.600 
38,400 
43.200 
48.000 
52.800 
57.600 
62,400 
67.200 
72,000 

$576.000 

$ 38.400 



ridor 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 
The outdoor recreation plan element recommends 
that the Milwaukee County Department of Parks, 
Recreation and Culture continue to maintain Grant 
Park and Oakwood Park as large, multi-purpose 
outdoor recreational facilities, to maintain the 
Cudahy Nature Preserve, and to maintain Coper- 
nicus, Cudahy, Maitland, and Rawson Parks as 
neighborhood and community parks offering 
general-use outdoor recreational facilities. It is also 
recommended that that Department complete, as 
the demand becomes evident, the development of 
outdoor recreational facilities in Falk Park. Finally, 
it is recommended that that Department assume 
responsibility for the development of eight miles of 
recreation trail through environmental corridor 
lands-seven miles along Oak Creek between Lake 
Michigan and E. Fitzsimmons Road, and one mile 
between the Oak Creek recreational corridor and 
Bender Park. 

In addition to the above recommendations, it is 
recommended that the Milwaukee County Depart- 
ment of Parks, Recreation and Culture or the City 
of Oak Creek continue to  maintain six existing 
neighborhood and community parks, complete 
the development of five neighborhood parks, and 
acquire and develop three new neighborhood and 
community parks. It is also recommended that the 
Milwaukee County Department of Parks, Recrea- 
tion and Culture or the City of Franklin acquire 
and develop one new neighborhood and com- 
munity park. 

FLOODLAND MANAGEMENT PLAN 
ELEMENT IMPLEMENTATION 

The major floodland management recommendation 
of the Oak Creek 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 environmental 
corridor lands along the lower reaches of Oak 
Creek and in the southeast area of the watershed. 
The application of floodland zoning was discussed 
in the previous section of this chapter. I t  is impor- 
tant to note, however, that the floodland zoning 
measures to be applied need to be coordinated 
with the implementation of the structural flood 
control measures described below. That is, the 

local zoning agencies need to apply appropriate 
floodland zoning to the existing floodlands in the 
watershed, particularly along Oak Creek and the 
North Branch of Oak Creek, based upon future 
land use and existing channel conditions until such 
time as the recommended channel improvements 
are undertaken. At that time, the floodland zoning 
regulations may be adjusted to reflect the improve- 
ments that have actually been put in place. 

Implementation of the floodland management plan 
element also requires consideration of the struc- 
tural and nonstructural measures for flood damage 
abatement, as well as consideration of bridge 
replacement, maintenance of stream channels 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 and summarized on Table 98, and 1 
a schedule of the capital and operation and mainte- 
nance costs for this plan element is set forth in 
Table 100. The Milwaukee Metropolitan Sewerage I 
District was, in 1986, in the process of developing 
flood control policy and system plans. The policy 
plan is intended to define the responsibility of 
the District for implementing flood control and 
drainage improvement projects. 

Oak Creek Channel Modifications 
It  is recommended that the Cities of Milwaukee 
and Oak Creek ask the Milwaukee Metropolitan 
Sewerage Commission to make the needed channel 
improvements within the Oak Creek watershed and 
the Milwaukee Metropolitan Sewerage District. In 
particular, it is recommended that the Sewerage 
Commission carry out the recommended channel 
deepening and shaping along 1.4 miles of Oak 
Creek between River Mile 10.30 and the S. 27th 
Street crossing, and along 1.0 mile of the North 
Branch of Oak Creek between the steel sheet pile 
spillway located west of the United Parcel Service 
distribution center and the S. 13th Street crossing. 

Structure Floodproofing, Elevation, and Removal 
The recommended plan calls for structure flood- 
proofing, elevation, and removal measures to be 
undertaken along Oak Creek and the North Branch 
of Oak Creek in the City of Oak Creek, and along 
the Mitchell Field Drainage Ditch in the City of 
Milwaukee. Structure floodproofing and elevation 
would be undertaken by the property owners 
directly affected, as, for example, by the Oak 
Creek Floral Company with respect to its green- 
houses located along Oak Creek. It is recom- 
mended, however, that the professional services 
required to prepare plans for floodproofing and the 



Table 100 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE FLOODLAND MANAGEMENT 
ELEMENT OF THE RECOMMENDED PLAN FOR THE OAK CREEK WATERSHED BY YEAR: 1986-2000 

a~onstruction cost of navigation channel bulkhead. 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

b~onstruction cost of diffuser network or dry dam gate and concrete apron. This cost is included in the total cost of the recommended watershed plan. However, monitoring 
of the channel navigability at the mouth of Oak Creek following construction of the channel bulkhead may indicate that there is no need for a diffuser network or a dry dam 
to provide channel flushing. 

Source: SEWRPC. 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Watershed Total 

Annual Average 

Channel Deepening and 
Shaping, and Bridge 

Replacement 
(Milwaukee Metropolitan 

Structure 
Floodproofing, 
Elevation, and 
Removal (City 
of Oak Creek) 

Capital 

$ 68,800 
138,400 
1 38,400 
138,400 
138,400 

-. 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

Sewerage 

Capital 

$ - -  
158,500 
158,500 

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

$31 7,000 

$ 21,100 

Maintenance of 
Recreational 

Navigation 

$622,400 

$ 41,500 

District) 

Operation 
and 

Maintenance 

$ - -  
1.000 
1.000 
1,000 
1.000 
1.000 
1.000 
1,000 
1.000 
1,000 
1.000 
1.000 
1,000 
1,000 
1.000 

$14,000 

$ 900 

(Milwaukee 

Capital 

$ - -  
140,000~ 

- - 
- - 

55,000~ 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

$1 95,000 

$ 13,000 

Capital 

$ 138,400 
436,900 
296,900 
1 38,400 
193,400 

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

Structure 
Floodproof ing 

(City of 
Milwaukee) 

Capital 

$69,600 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

County) 

Operation 
and 

Maintenance 

$ - -  
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 

$70,000 

$ 4,700 

Total 

Operation 
and 

Maintenance 

$ 7,000 
1 3,000 
1 3,000 
13,000 
1 3,000 
1 3,000 
1 3,000 
13,000 
1 3,000 
1 3,000 
13,000 
1 3,000 
1 3,000 
1 3,000 
13,000 

$1,204,000 

$ 80,200 

Streamflow 
Gaging 

(designated 
agencies) 

Operation 
and 

Maintenance 

$ 7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 

$69,600 

$ 4,600 

$1 89,000 

$ 12,600 

$105,000 

$ 7,000 



elevation of individual buildings be made available, 
at no cost, to property owners by the two cities 
involved through the city engineers. In addition, it 
is recommended that the Cities of Milwaukee and 
Oak Creek review their local building ordinances to 
ensure that appropriate floodproofing regulations 
are included. In addition, it is recommended that 
these two Cities explore on behalf of the property 
owners directly affected any available state and/or 
federal aids for such floodproofing measures. With 
regard to the building which is recommended for 
removal located along Oak Creek west of S. 13th 
Street, it is recommended that this property be 
acquired by the Milwaukee Metropolitan Sewerage 
Commission and subsequently dedicated to the 
Milwaukee County Department of Parks, Recrea- 
tion and Culture for parkway purposes. 

Streamflow Gaging 
It is recommended that the Milwaukee Metropoli- 
tan Sewerage Commission and the U. S. ~eological 
Survey continue the cooperative effort involved 
in maintaining the existing continuous recorder 
stream gaging station on Oak Creek at 15th Avenue 
in the City of South Milwaukee. It is also recom- 
mended that the U. S. Geological Survey and the 
Wisconsin Department of Transportation continue 
to maintain the partial record peak-flow gage on 
Oak Creek at S. Nicholson Road. Finally, it is 
recommended that the Milwaukee Metropolitan 
Sewerage District and the City of Milwaukee 
maintain their networks of crest-stage and staff 
gages in the Oak Creek watershed. 

Oak Creek Mouth Recreational Navigation 
It is recommended that the Milwaukee Countv 
Parks, Recreation and Culture Committee autho- 
rize the Department of Parks, Recreation and 
Culture to construct a bulkhead running parallel 
to, and approximately 20 feet south of, the jetty 
located along the north side of the Oak Creek 
channel at  its confluence with Lake Michigan. It is 
also recommended that the Department of Parks, 
Recreation and Culture undertake the dredging of 
this new navigation channel in order to maintain a 
depth of four feet. In the event that sandbar for- 
mation continues to occur frequently within the 
navigation channel, it is recommended that the 
Department of Parks, Recreation and Culture 
construct either a diffuser network within the 
recommended navigation channel or a dry dam 
in the vicinity of the footbridge located at River 
Mile 0.14, to provide water to flush the naviga- 
tion channel. 

Bridge Replacement 
It is recommended that the Wisconsin Department 
of Transportation, the Milwaukee County Trans- 
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portation and Public Works Committee, and any 
local units of government constructing or financing 
new bridges or replacing existing bridges over the 
stream channel system of the Oak Creek watershed 
design and construct such bridges in accordance 
with the water control facility objectives set forth 
in Chapter X of this report. It is further recom- 
mended that the highway agencies involved coor- 
dinate the replacement of any highway bridges 
with the agencies designated as being responsible 
for the construction of recommended channel 
improvements along Oak Creek and the North 
Branch of Oak Creek. 

Flood Insurance 
It is recommended that the communities 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 Oak Creek watershed study into account 
in making revisions to the federal flood insurance 
studies that have been completed for the com- 
munities in the Oak Creek watershed. It is also 
recommended that owners of property in flood- 
prone areas purchase flood insurance for protec- 
tion against losses sustained in future floods. 

Lending Institution and Realtor Policies 
It  is recommended that lending institutions con- 
tinue to determine the flood-prone status of 
properties prior to the granting of a mortgage. It is 
also recommended that real estate brokers and 
their agents continue to inform potential pur- 
chasers 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 carry out periodic 
cleaning and maintenance of both the stream chan- 
nels and the bridge and culvert waterway openings. 
The stream channel maintenance responsibilities of 
the Milwaukee Metropolitan Sewerage District 
were in 1986 in the process of being defined under 
the District flood control policy plan. 

FISHERY DEVELOPMENT PLAN ELEMENT 

It is recommended that the Wisconsin Department 
of Natural Resources undertake the following 
measures recommended for the development and 
maintenance of a warmwater and seasonal cold- 
water fishery in the Oak Creek watershed. 

1. Modify the Mill Road dam by notching the 
structure down to the streambed and also 



dredge a portion of the accumulated sedi- 
ments behind the dam to normalize the 
streambed gradient and to re-create stream 
meanders. 

2. Remove or modify with fish ladders two 
sills located on the Oak Creek main stem 
at S. Pennsylvania Avenue and south of 
W. Ryan Road; and three sills on the North 
Branch of Oak Creek at the first Chicago, 
Milwaukee, St. Paul & Pacific railway cross- 
ing, immediately upstream of the second 
S. 6th Street crossing and immediately south 
of the MATC-South Campus. 

3. Enhance the fishery habitat by the applica- 
tion of instream habitat mitigation measures. 

4. Apply stream bank stabilization measures to 
selected reaches of the stream system. 

5. Conduct an initial stocking of selected for- 
age and game fish species. 

The recommended implementation action discussed 
under this plan element is summarized in Table 98. 
A schedule of the capital and operation and 
maintenance costs of the fishery development plan 
element is set forth in Table 101. 

Table 101 

SCHEDULE OF CAPITAL AND OPERATION 
AND MAINTENANCE COSTS OF THE 

FISHERY DEVELOPMENT ELEMENT OF THE 
RECOMMENDED PLAN FOR THE OAK CREEK 

WATERSHED BY YEAR: 1986-2000 

Source: SEWRPC. 

WATER QUALITY 
MANAGEMENT PLAN ELEMENT 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

The major water quality management recommen- 
dations of the Oak Creek watershed plan relate to 
the abatement of pollution from industrial waste 
discharges, the abatement of pollution from non- 
point sources, and the conduct of a water quality 
monitoring program. The recommended implemen- 
tation actions discussed under this plan element are 
summarized in Table 98. A schedule of the capital 
and operation and maintenance costs of this plan 
element is set forth in Table 102. 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Fishery Development 
(Wisconsin Department 
of Natural Resources) 

Abatement of Pollution from 
Industrial Waste Discharges 
It is recommended that the nine existing, and any 

Watershed Total 

Annual Average 

Capital 

$ - -  
1 7.000 
16,000 
1 6,000 
1 6,000 

- - 
- .  
- - 
. - 
- - 
- - 
- - 
- . 
- - 
- . 

$65.000 

$ 4,300 

future, industrial point sources of pollution dis- 
charging directly or indirectly to the Oak Creek 
watershed stream system be controlled. Discharge 
limitations for each outfall would be set by the 
Wisconsin Department of Natural Resources under 
the Wisconsin Pollutant Discharge Elimination 
System (WPDES). 

Total 

$ - -  
17,000 
16,000 
1 6,000 
1 6,000 

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- . 

$65,000 

$ 4,300 

Abatement of Pollution from Nonpoint Sources 
The implementation of nonpoint source abatement 
measures can best be achieved through participa- 

tion in the Wisconsin Nonpoint Source Water 
Pollution Abatement Program administered by the 
Wisconsin Department of Natural Resources. 
Under the program, a nonpoint source abatement 
plan is prepared for priority watersheds designated 
by the Department. Following the preparation of 
that plan, municipalities and landowners within the 
priority watershed are eligible for state funding for 
50 to 70 percent of the capital cost of certain 
nonpoint source control measures. It is therefore 
recommended that the municipalities in the 
watershed cooperatively work with the Depart- 
ment toward the designation of the Oak Creek 
watershed as a priority watershed. It  is also recom- 
mended that the nonpoint source abatement plan 
be coordinated with a stormwater management 
plan for the watershed. There are areas of urban 
development within the watershed which currently 
suffer from inadequate stormwater drainage. These 
drainage problems need to be addressed through 
the preparation of detailed subwatershed storm- 
water management plans. 



Table 102 

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE WATER QUALITY MANAGEMENT 
PLAN ELEMENT OF THE RECOMMENDED PLAN FOR THE OAK CREEK WATERSHED BY YEAR: 1986-2000 

Source: SEWRPC. 

Subject to the guidelines and recommendations set 
forth in the nonpoint source abatement plan, 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, minimum 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 construction 
activities, and that proper storage and runoff con- 
trol be provided for all facilities handling materials 
that may be hazardous to the environment. 

Calendar 
Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

The University of Wisconsin-Extension should 
assist in educating the public about litter and pet 

Capital 

$ 585,000 
393,000 
393,000 
570,000 
393,000 
335,000 
486,000 
335,000 
335,000 
335,000 
335.000 
335,000 
335,000 
335,000 
335,000 

$5,835,000 

$ 389,000 

waste control and fertilizer and pesticide applica- 
tion. The U. S. Soil Conservation Service should 
provide technical assistance in the development 
of specific nonpoint source pollution control 
measures by local communities. In addition, it is 
recommended that local public works departments 
examine the manner in which municipal 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 surfaces 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. It is further recom- 
mended that street deicing material be properly 
applied by the necessary agencies within the water- 
shed to minimize the chloride loadings to the sur- 
face waters of the Oak Creek watershed. Finally, it 
is recommended that the Milwaukee County Land 
Conservation Committee design and construct 
three retention basins at  the following locations: 

Total 

Operation 
and 

Maintenance 

$ 213,000 
204,000 
205,000 
21 1,000 
212,000 
223,000 
224,000 
225,000 
226,000 
227,000 
238,000 
229,000 
230,000 
231,000 
232,000 

$3,330,000 

$ 222,000 

Water Qual~ty 
Monitoring 
(Wiscons~n 

Department 
o f  Natural 
Resources) 

Operation 
and 

Maintenance 

$10.000 
- - 
- - 
- - 
- - 

1 0.000 
- - 
- - 
- - 
- - 

10,000 
- - 
- - 
- - 
- - 

Project 
Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 

$30,000 

$ 2,000 

Watershed Total 

Annual Average 

Nonpoint Source 
Pol lut~on Abatement 

(designated 
management 

Capital 

$ 858,000 
393,000 
393,000 
570,000 
393,000 
335,000 
486,000 
335,000 
335,000 
335,000 
335,000 
335,000 
335,000 
335,000 
335,000 

$5,835,000 

$ 389,000 

agencies) 

Operation 
and 

Maintenance 

$ 203,000 
204,000 
205,000 
21 1,000 
212,000 
213,000 
224,000 
225,000 
226,000 
227,000 
228.000 
229,000 
230,000 
23 1.000 
232,000 

$3,300,000 

$ 220,000 



1) along the North Branch of Oak Creek north of 
W. Drexel Avenue between S. Howell Avenue and 
S. 6th Street; 2) along Oak Creek immediately 
upstream of the confluence with the North Branch 
of Oak Creek; and 3) along the Mitchell Field 
Drainage Ditch north of E. Rawson Avenue. 

Continuing Water Quality Monitoring Program 
It  is recommended that the Regional Planning 
Commission, in cooperation with the  isc cons in 
Department of Natural Resources and the major 
units of government in the Oak Creek watershed, 
develop and implement a continuing water quality 
monitoring program. Such a program would 
demonstrate and document the changes in surface 
water quality attendant to implementation of the 
Oak Creek 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 
management practices provided by the U. S. Soil 
Conservation Service to the educational, advisory, 
and review services offered by the University of 
Wisconsin-Extension Service and the Regional 
Planning 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, 
villages, and towns to  borrow money and t o  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 Oak Creek 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 and the construc- 
tion of sewage treatment plants, and for 
park and related open space land acquisition 
and development. 

3. The Milwaukee Metropolitan Sewerage Dis- 
trict has borrowing authority under Sections 
66.88 through 66.918 of the Wisconsin 
Statutes. As a special-purpose corporation, 
the District has the power to issue debt and 
levy taxes to carry out its duties as they 
relate to capital improvements. 

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 and 
placed 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, 
metropolitan 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 (HUD), provides Community Development 
Block Grants (CDBG's) to local units of govern- 
ment for a variety of purposes, including the con- 
struction or improvement of public utilities and 
facilities, economic development activities, and 
housing rehabilitation. These grants are available as 
entitlement grants to cities with populations in 
excess of 50,000 persons and to urban counties. In 
Milwaukee County, the City of Milwaukee and the 
City of West Allis receive entitlement funds, while 
Milwaukee County receives entitlement funds as 
an urban county. Milwaukee County carries out a 
number of countywide community development 
projects such as housing rehabilitation, senior 
citizen services, and public works projects with the 
CDBG funds, as well as providing CDBG funds to  
villages and cities within the County that have 
identified local projects for use of the funds. 



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 
administered 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 governments for approved pollution abate- 
ment and prevention projects. Eligible projects 
include waste treatment facilities; trunk, relief, and 
intercepting sewers; outfall sewers; certain sewage 
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 Qualitv Non~oin t  
Source Control Grants Program 
This program, an element of the Wisconsin Fund, 
is administered by the Wisconsin Department of 
Natural Resources to provide grants for urban and 
rural nonpoint source controls. Grants for eligible 
land management practices range from 50 to 70 
percent of the cost of implementing the project. 

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 of up 
to 50 percent of the cost of projects under the 
program. This program provides funds for the 
installation, calibration, operation, and mainte- 
nance 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 
the Chief of Engineers and, therefore, project 
implementation times are shorter than under the 
other Corps' program, typically 5 to 10  years. A 
second program, the general investigation program, 
requires explicit congressional authorization and 
appropriation. Projects under this program must be 
implemented in several phases over many years, 
including completion of a three-stage feasibility 
study followed by a construction phase. Projects 
under this program typically require from 20 to 
30 years to fully implement. Under both Corps 
programs, the projects must be demonstrated to be 
economically feasible and environmentally sound. 
Flood control projects within the Oak Creek 
watershed are relatively small and could possibly 
be undertaken under the small-scale program of 
the Corps. 

Technical Assistance 
Certain federal, state, regional, and county agencies 
provide technical assistance upon request to local 
units of government in implementing watershed 
plans. Limited guidance and assistance are usually 
provided without 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 
summary of the various levels and types of assis- 
tance available by agency follows. 

Federal Agencies: The U. S. Soil Conservation 
Service 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 provides 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 quality problems; fish 
management; and forest planting, protection, 
management, and harvesting. The Department 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 the development of parks and 
recreational facilities, resource development, and 
the development of water supply and sewage 
disposal facilities. 

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 furnish technical 

assistance to landowners or occupiers and to  
any public or private agency in their efforts to 
prevent soil erosion and floodwater and sedimenta- 
tion damage and to further water conservation 
and development. 

SUMMARY 

This chapter has described the various means 
available and recommended specific procedures for 
implementation of the recommended comprehen- 
sive Oak Creek watershed plan. The most impor- 
tant recommended plan implementation actions 
are summarized below by level of government. 

Local Level 
The local level agencies involved in implementation 
of the Oak Creek watershed plan are Milwaukee 
County and the Cities of Cudahy, Franklin, Green- 
field, Oak Creek, Milwaukee, and South Milwaukee. 
The recommended actions for each of these units 
and agencies of government are presented below. 

Milwaukee County: It  is recommended that Mil- 
waukee County, through its various committees, 
commissions, 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 Oak Creek watershed plan 
after the issuance of a report and recommen- 
dation by the County Parks, Recreation and 
Culture Committee, the County Transporta- 
tion and Public Works Committee, and the 
County Land Conservation Committee as a 
guide to land use, park and open space, 
floodland, and water quality management in 
the Oak Creek watershed; 

2. That the County Department of Parks, 
Recreation and Culture acquire over time 
through purchase, dedication, and gift, as 
may be timely and appropriate, the remain- 
ing undeveloped primary environmental 
corridor lands in the watershed; 

3. That the County Department of Parks, 
Recreation and Culture acquire and restore 
those lands in the southeast area of the 
watershed designated for restoration to  
wetland vegetation; 

4. That the County Department of Parks, 
Recreation and Culture continue to maintain 
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Grant and Oakwood parks3 as large, multi- 
pilrpose outdoor recreational facilities, the 
Cudahy Nature Preserve, and Copernicus, 
Cudahy, Maitland, and Rawson Parks as 
neighborhood and community parks offering 
general-use outdoor recreational facilities; 

5. That the County Department of Parks, 
Recreation and Culture complete, as the 
demand becomes evident, the develop- 
ment of outdoor recreational facilities at 
Falk Park; 

6. That the County Department of Parks, 
Recreation and Culture design, construct, 
and maintain the recommended seven-mile 
recreation trail along the main stem of Oak 
Creek between Lake Michigan and E. Fitz- 
Simmons Road, and the recommended 
one-mile recreation trail segment in the 
watershed between the Oak Creek trail and 
Bender Park; 

7. That the County Department of Parks, 
Recreation and Culture, with Wisconsin 
Department of Natural Resources financial 
assistance, design, construct, and maintain 
the recommended bulkhead at the mouth of 
Oak Creek and, if necessary, either a diffuser 
network within the navigation channel or a 
dry dam in the vicinity of the footbridge 
located at River Mile 0.14, and also periodi- 
cally maintain the Oak Creek channel at 
the bulkhead; 

30akwood Park within the context of the Oak 
Creek watershed plan refers to the existing county- 
owned and -operated golf course, a portion o f  
which lies within the Oak Creek watershed. Oak- 
wood Park is about one mile east o f  the site o f  a 
proposed recreational impoundment known as 
Oakwood Lake. That impoundment, which was 
recommended in the Commission-adopted Root  
River watershed plan, is located in the Root  
River watershed. Responsibility for the develop- 
ment of  this impoundment is expected to be 
placed with the Wisconsin Department of Natural 
Resources in the second generation regional park 
and open space plan, presently under preparation, 
as an integral part o f  the development o f  a state 
recreation area at this location. 

8. That the County Transportation and Public 
Works Committee, as the highway system 
under its jurisdiction is maintained and 
reconstructed over time, construct new and 
replace existing bridges over the Oak Creek 
stream channel system in accordance with 
the recommended water control facility 
objectives and standards; 

9. That the County Land Conservation Com- 
mittee assume the lead responsibility for 
nonpoint source water pollution control 
throughout the watershed; and 

10. That the County Land Conservation Com- 
mittee construct and maintain the three 
recommended sedimentation basins. 

City of Cudahy: It is recommended that the City 
of Cudahy, 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 Oak Creek watershed plan after a 
report and recommendation by the Board of 
Public Works and the City Plan Commission 
as a guide to land use, park and open space, 
floodland, and water quality management in 
the Oak Creek watershed; 

2. That the City Plan Commission and the 
Common Council review and revise, as 
necessary, the City of Cudahy Zoning 
Ordinance to implement the recommenda- 
tions set forth in the land use, floodland 
management, and water quality manage- 
ment elements of the Oak Creek watershed 
plan; and 

3. That as the designated management agency, 
the Board of Public Works assume the respon- 
sibilities for nonpoint source pollution. 

City of Franklin: It  is recommended that the City 
of Franklin, through its various committees, com- 
missions, bdards, and the Common Council, act to 
implement the recommended watershed plan in the 
following manner: 

1. That the Common Council adopt the recom- 
mended Oak Creek watershed plan after a 
report and recommendation by the Board of 
Public Works, the City Plan Commission, 



and the City Park Commission as a guide 
to land use, park and open space, floodland 
management, and water quality management 
in the Oak Creek watershed; 

2. That the City Plan Commission and the 
Common Council review and revise, as 
necessary, the City of Franklin Zoning 
Ordinance to implement the recommenda- 
tions set forth in the land use, floodland 
management, and water quality management 
elements of the Oak Creek watershed plan; 

3. That the City Park Commission acquire and 
develop, as the demand becomes evident, 
one new neighborhood park in the water- 
shed; and 

4. That as the designated management agency, 
the Board of Public Works assume the 
responsibilities for nonpoint source pollu- 
tion control. 

City of Greenfield: It  is recommended that the 
City of Greenfield, through its various committees, 
co&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 Oak Creek watershed plan after the 
issuance of a report and recommendation 
by the Board of Public Works and the City 
Plan Commission as a guide to land use, park 
and open space, floodland, and water quality 
management in the Oak Creek watershed; 

2. That the City Plan Commission and the 
Common Council review and revise, as 
necessary, the City of Greenfield Zoning 
Ordinance to implement the recommenda- 
tions set forth in the land use, floodland 
management, and water quality manage- 
ment elements of the Oak Creek watershed 
plan; and 

3. That as the designated management agency, 
the Board of Public Works assume the 
responsibilities for nonpoint source pollu- 
tion control. 

City of Milwaukee: It  is recommended that the 
City of Milwaukee, through its various depart- 
ments, committees, commissions, boards, and the 

Common Council, act to implement the recom- 
mended watershed plan in the following manner: 

1. That the Common Council adopt the recom- 
mended Oak Creek watershed plan after the 
issuance of a report and recommendation by 
the City Plan Commission and the City Park 
and Recreation Commission as a guide to 
land use, park and open space, floodland, 
and water quality management in the Oak 
Creek watershed; 

2. That the City Plan Commission and the 
Common Council review and revise, as 
necessary, the City of Milwaukee Zoning 
Ordinance to  implement the recommenda- 
tions set forth in the land use, floodland 
management, and water quality management 
elements of the Oak Creek watershed plan; 

3. That the City Plan Commission and the 
Common Council review the city building 
code to ensure that appropriate regulations 
dealing with structure floodproofing are 
included, and provide professional engineer- 
ing assistance to  landowners affected by the 
structure floodproofing recommendations of 
the plan; 

4. That as the designated management agency, 
the Department of Public Works assume the 
responsibilities for nonpoint source pollu- 
tion control; and 

5. That the City continue to maintain its pro- 
gram of monitoring stream stages in the 
Oak Creek watershed. 

City of Oak Creek: It is recommended that the 
City of Oak Creek, through its various committees, 
commissions, 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 Oak Creek watershed plan after 
the issuance of a report and recommenda- 
tion by the Department of Public Works 
and the City Plan Commission as a guide to  
land use, park and open space, floodland, 
and water quality management in the Oak 
Creek watershed; 

2. That the City Plan Commission and the 
Common Council review and revise, as 
necessary, the City of Oak Creek Zoning 



Ordinance to implement the recommenda- 
tions set forth in the land use, floodland 
management, and water quality management 
elements of the Oak Creek watershed plan; 

3. That the City Plan Commission and the 
Common Council review the city building 
code to ensure that appropriate regulations 
dealing with structure floodproofing are 
included, and provide professional engineer- 
ing assistance to landowners affected by the 
structure floodproofing recommendations of 
the plan; 

4. That the City Park and Recreation Com- 
mission continue to maintain six community 
and neighborhood parks; complete the 
development of five neighborhood parks, 
three of which are leased from the County; 
and, as the demand becomes evident, devel- 
op and maintain three new neighborhood 
parks; and 

5. That as the designated management agency, 
the Common Council assume the responsi- 
bilities for nonpoint source pollution control. 

City of South Milwaukee: It is recommended that 
the City of South Milwaukee, through its various 
committees, commissions, boards, and the Com- 
mon Council, act to implement the recommended 
watershed plan in the following manner: 

1. That the Common Council adopt the recom- 
mended Oak Creek watershed plan after the 
issuance of a report and recommendation by 
the City Plan Commission and the City Park 
and Recreation Commission as a guide to  
land use, park and open space, floodland, 
and water quality management in the Oak 
Creek watershed; 

2. That the City Plan Commission and the 
Common Council review and revise, as neces- 
sary, the City of South Milwaukee Zoning 
Ordinance to implement the recommenda- 
tions set forth in the land use, floodland 
management, and water quality manage- 
ment elements of the Oak Creek watershed 
plan; and 

3. That as the designated management agency, 
the Common Council assume the responsibili- 
ties for nonpoint source pollution control. 

Areawide Level 
Milwaukee Metropolitan Sewerage District: It is 
recommended that the Milwaukee ~ e t r ~ ~ o l i t a n  
Sewerage Commission, acting as the agent for the 
Milwaukee Metropolitan Sewerage District: 

1. Adopt the recommended Oak Creek water- 
shed plan, including the land use, floodland 
management, and water quality manage- 
ment elements; 

2. Carry out the recommended channel modifi- 
cations and structure removal or land 
purchases along Oak Creek and the North 
Branch of Oak Creek; and 

3. Continue to  maintain its program of moni- 
toring stream stages in the Oak Creek water- 
shed, including financially supporting the 
continuous stage recorder stream gage on 
Oak Creek at 15th Avenue. 

State Level 
The state level agencies involved in implementation 
of the Oak creek watershed plan cbnsist of the 
Wisconsin Departments of Natural Resources, 
Transportation, and Agriculture, Trade and Con- 
sumer Protection. The recommended actions for 
each of these state agencies are presented below. 

Wisconsin Department of Natural Resources: It is 
recommended that the Wisconsin Department of 
Natural Resources: 

1. Endorse the comprehensive Oak Creek 
watershed plan as an amendment to  the 
previously endorsed areawide water quality 
management 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 Department to 
integrate the watershed plan recommenda- 
tions into its broad range of agency responsi- 
bilities and to assist in coordinating plan 
implementation over the next two decades. 
In particular, Department decisions 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; 

4. Undertake the development of a balanced 
fishery as recommended in the watershed 
plan; and 

5. Provide financial assistance to  the Milwaukee 
County Department of Parks, Recreation and 
Culture for the construction of the recom- 
mended bulkhead, as well as a handicapped 
fishing pier, at the mouth of Oak Creek. 

Wisconsin Department of Transportation: It  is 
recommended that the Wisconsin Department 
of Transportation: 

1. Endorse the recommended Oak Creek water- 
shed plan; 

2. Continue to cooperate in the stream gaging 
program by financially supporting a partial 
record peak-flow gage on Oak Creek at 
S. Nicholson Road; and 

3. Construct new and replace existing bridges 
over the Oak Creek 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 Oak Creek watershed plan; and 

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 Oak Creek watershed 
plan consist of the U. S. Environmental Protection 
Agency; the U. S. Geological Survey; the U. S. 
Department of Agriculture, Agricultural Stabiliza- 

tion and Conservation Service; the U. S. Soil 
Conservation Service; the Federal Emergency 
Management Agency; and the U. S. Army Corps of 
Engineers. The recommended actions for each of 
these federal agencies are presented below. 

U. S. Environmental Protection Agency: It is 
recommended that the U. S. Environmental Protec- 
tion Agency formally accept and endorse the Oak 
Creek 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 Oak Creek 
watershed plan and continue to work with the 
Regional Planning Commission and state and local 
units of government in conducting the cooperative 
stream gaging program in the watershed. 

U. S. Department of Agriculture, Agricultural 
Stabilization and Conservation Service: It is 
recommended that the U. S. Department of 
Agriculture, Agricultural Stabilization and Conser- 
vation Service, formally acknowledge the Oak 
Creek watershed plan and utilize the plan recom- 
mendations 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 Oak Creek watershed plan and 
utilize the plan recommendations in the adminis- 
tration of its various technical assistance programs. 

Federal Emergency Management Agency: It is 
recommended that the Federal Emergency Man- 
agement Agency formally acknowledge the Oak 
Creek 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 Oak Creek watershed plan; assist, 
upon request, any local or state units and agencies 
of government in the review, design, and construc- 
tion of the floodland management element of the 
recommended plan; and use the land use and 
environmental corridor elements of the plan in 
carrying out its regulatory 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 Oak Creek 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 t,he 
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 economic activity, popula- 
tion growth, and land use and water-related devel- 
opmental and environmental problems. The report 
presents alternative plan elements relating to flood- 
land management, water pollution abatement, and 
land use, and sets forth a recommended plan for 
the development of the watershed and the resolu- 
tion of its existing flood damage and water pollu- 
tion problems, and for the prevention of future 
flood damage and water pollution problems. The 
recommended plan is based upon regional and 
watershed development objectives adopted by 
the watershed committee. The plan contains 
specific recommendations for its implementation, 
along with analyses of ways in which to finance 
implementation. 

STUDY ORGANIZATION AND PURPOSE 

The Oak Creek watershed study, which resulted in 
the preparation of this report, is the seventh 
comprehensive watershed planning program to be 
undertaken by the Regional Planning Commission. 
This study was undertaken within the statutory 
authority of the Commission and upon the specific 
request of the Milwaukee Metropolitan Sewerage 
District. Funding for the study was provided by 
the Milwaukee Metropolitan Sewerage District and 
the City of South Milwaukee. The study was 
guided from its inception by the Oak Creek Water- 
shed Committee, an advisory committee to the 
Commission composed of 13 local and state public 
officials, technicians, and concerned citizen leaders 
from throughout the watershed. The technical 
work was carried out by the Commission staff 
with the assistance of cooperating governmental 
agencies, including the Wisconsin Department of 
Natural Resources; and a private consultant engaged 
by the Commission, Alster-Ayres & Associates, 
Inc., photogrammetric and control survey engi- 

neers. The disciplines provided by the cooperating 
governmental agencies and the private consultant 
included groundwater and surface water hydrology 
and hydraulics, mathematical simulation modeling, 
fishery development, and control survey and 
photogrammetric 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. Solutions to such areawide 
problems must, therefore, be sought on a water- 
shed basis. 

The primary purpose of the Oak Creek watershed 
planning program is to help abate the serious water 
resource and water resource-related problems of 
the watershed by developing a workable plan to 
guide the staged development of multi-purpose 
water resource facilities and related resource 
conservation and management 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 
Oak Creek watershed, including measures for 
the mitigation of existing flood problems 
and for the minimization of future flood 
problems. 

Prepare a plan for surface water quality 
management within the Oak Creek water- 
shed, incorporating measures to  abate exist- 
ing pollution problems and 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. 

The problems to be addressed in the watershed 
study were articulated by the Watershed Com- 



mittee in the prospectus for the study published on 
December 1 ,  1979.' To enhance the utility and 
effectiveness of the watershed plan in abating prob- 
lems of flooding, water pollution, and changing 
land use within the watershed, the plan was devel- 
oped to be amenable to cooperative adoption 
and joint implementation by all of the levels and 
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 Oak Creek 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 request. 
In addition to  setting forth the findings and recom- 
mendations of the watershed study, this report 
serves the additional purpose of indicating the 
types of data which are available from the Commis- 
sion and which may be of value in assisting federal, 
state, and local units of government and private 
investors in making better decisions about com- 
munity development within the Region. 

INVENTORY, ANALYSIS, AND 
FORECAST FINDINGS 

Geography 
The Oak Creek watershed is a surface water drain- 
age unit approximately 27 square miles in areal 
extent lying in southeastern Milwaukee County. 
Oak Creek from its source in Section 13, Town- 
ship 5 North, Range 21 East, in the City of Franklin 
flows southerly to a point just south of W. Ryan 
Road, and thence easterly to  a point east of 
S. Shepard Avenue in the City of Oak Creek. 
The creek then flows northerly to 15th Avenue 
and the Oak Creek Parkway in the City of South 
Milwaukee, and then finally flows southeasterly t o  
its confluence with Lake Michigan. Along its 
course, Oak Creek is joined by two major tribu- 
taries: the North Branch of Oak Creek and the 
Mitchell Field Drainage Ditch. 

The boundaries of the watershed and its salient 
hydrographic and cultural features are shown on 
Map 3 in Chapter I11 of this report. The watershed 
lies entirely within one county-Milwaukee-and 
partly within six cities--Cudahy, Franklin, Green- 
field, Milwaukee, Oak Creek, and South Milwaukee. 

' See Oak Creek Watershed Planning Program 
Pros~ectus. SE WRPC. December 1979. 

Table 2 in Chapter I11 indicates 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. The population in the watershed by 
civil division is shown in Table 3 in Chapter 111. 
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 respon- 
sibility for providing sanitary sewer service and 
sewage treatment within the Oak Creek watershed 
rests with the Milwaukee Metropolitan Sewerage 
District and the cities within the watershed. The 
responsibility for nonpoint source water pollution 
control rests with the County and the cities within 
the watershed. The Sewerage District also has the 
authority to make channel and other improve- 
ments for drainage and flood control purposes 
within the watershed. The Milwaukee County 
Parks, Recreation and Culture Committee is 
responsible for providing park and related open 
space lands and facilities within the watershed. 
Certain state and federal government agencies, 
including, importantly, the Wisconsin Department 
of Natural Resources, also have important respon- 
sibilities for water resource management within 
the watershed. 

Population and Economic Activity 
The 1980 resident population of the watershed was 
estimated at 39,700 persons, or about 2 percent of 
the population of the Region. The resident popula- 
tion of the watershed may be expected to increase 
to about 72,600 persons by the year 2000, or 
almost double its 1980 resident population level. 

Employment in the watershed is expected to 
increase during the next two decades at  a rate 
greater than the rate of increase of the Region 
as a whole, reflecting a continued decentralization 
of economic activity from the established urban 
areas of the Region to  suburban locations. Employ- 
ment within the watershed in 1980 totaled about 
20,000 jobs, and may be expected to increase to 
about 27,300 jobs by the year 2000, an increase of 
about 7,300 jobs, or about 36 percent, over the 
20-year period. 

Land Use 
In 1980, as shown on Map 7 in Chapter I11 of this 
report, a little over half of the Oak Creek water- 
shed was still devoted to rural land uses, with 
about 1 5  square miles, or 53 percent of the total 
watershed area, being in such uses. Agriculture and 



related open uses were the predominant rural land 
uses in the watershed, occupying over 1 3  square 
miles, or about 47 percent of the total watershed 
area. In 1980 urban land uses within the watershed 
occupied about 1 3  square miles, or 47 percent of 
the total watershed area. The dominant urban land 
use categories were residential and transportation- 
communication-utility, which encompassed about 
1 9  percent of the total watershed area and about 
40 percent of the urban area of the watershed each. 

Public Utility Service and Transportation Facilities 
The public utility base of the watershed is well 
developed. In 1980, electric power was supplied 
throughout the watershed by the Wisconsin Elec- 
tric Power Company. Natural gas service was 
supplied by the Wisconsin Natural Gas Company 
except in that portion of the City of Milwaukee 
between S. 6th and S. 27th Streets, which was 
served by the Wisconsin Gas Company. Sanitary 
sewer service was supplied by the Milwaukee 
Metropolitan Sewerage District and the City of 
South Milwaukee, which together in 1980 served 
about 95 percent of the total resident population 
of the watershed. Public water supply, utilizing 
Lake Michigan as a source, was also available 
throughout the watershed through four public 
water supply entities. 

The Oak Creek watershed is served by a well- 
developed surface transportation system consisting 
of a particularly good network of all-weather 
streets and highways, and urban mass transit 
service. In 1980, the watershed was traversed by a 
network of railway lines, all of which provided 
freight service, and one of which also provided 
scheduled Amtrak passenger train service between 
Milwaukee and Chicago. General Mitchell Field, 
lying partly within the watershed, served as the 
major commercial airport for the Region. 

Climate 
The Oak Creek 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 
essentially continuous pattern of distinct weather 
changes occurring at about threeday intervals is 
superimposed on the seasonal pattern. Air tempera- 
tures in the watershed range from a daily average 
of about l g °F  in January to  70°F in July, while 
the extremes range from a low of about -24' F to a 
high of approximately 101' F. 

The average annual precipitation within the water- 
shed is 30.94 inches, and the average total monthly 
precipitation ranges from a low of 1.33 inches in 
February to a high of 3.59 inches in June. The 
watershed receives, on the average, 46.8 inches of 
snow and sleet per year, which, when converted to  
its water equivalent, constitutes 1 5  percent of the 
total annual precipitation. The average annual 
snowfall ranges from a low of five inches to a high 
of approximately 109 inches. 

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 1 5  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 
may be expected to be cloudy, with the remainder 
about equally divided between partly cloudy 
and clear. 

Physiography and Geology 
The Oak Creek watershed is roughly rectangular 
in shape, with its major axis lying in an approxi- 
mately north-south direction. The watershed has a 
total area of approximately 27 square miles, with a 
length-measured from the northern to southern 
extremities of the basin-of approximately 5.5 
miles and a width of about 4.5 miles. The Oak 
Creek watershed is bounded on the north by the 
Kinnickinnic River watershed, on the west and 
south by the Root River watershed, and on the 
east by lands that drain directly to  Lake Michigan 
and by the lake itself. 

The Oak Creek begins its 14-mile route to Lake 
Michigan from its origin near the intersection 
of Acre Avenue and S. 36th Street in the south- 
west one-quarter of U. S. Public Land Survey 
Section 13, Township 5 North, Range 21 East, in 
the City of Franklin. From its source, the creek 
flows in a southerly direction for about 1.6 miles 
before turning east and flowing to  a point east of 
S. Shepard Avenue in the City of Oak Creek. From 
there, the creek flows in a generally northerly 
direction to 15th Avenue and the Oak Creek Park- 
way in the City of South Milwaukee, where it 
turns southeast and flows to its confluence with 



Lake Michigan. Oak Creek acts as an estuary of 
Lake Michigan from its mouth to about the first 
Oak Creek Parkway bridge, a distance of about 
0.3 mile. 

The North Branch of Oak Creek, the largest 
tributary to Oak Creek, begins its 6.3-mile route to 
Oak Creek from its point of origin at W. Grange 
Avenue in the northwest one-quarter of U. S. 
Public Land Survey Section 31, Township 6 
North, Range 22 East, in the City of Milwaukee. 
From there it flows in a southerly direction to its 
confluence with Oak Creek north of W. Ryan Road 
between S. 13th Street and S. Howell Avenue. The 
third perennial stream in the watershed is the 
Mitchell Field Drainage Ditch which originates at 
S. 6th Street in the northeast one-quarter of U. S. 
Public Land Survey Section 32, Township 6 North, 
Range 22 East, in the City of Milwaukee. From 
its origin it flows in an easterly direction about 
1.5 miles to a point east of the main north-south 
runway of General Mitchell Field, thence in a 
southerly direction for about 2.3 miles to its 
confluence with Oak Creek north of E. Drexel 
Avenue and east of the Chicago & North Western 
Railway. Several other streams are tributary to Oak 
Creek or the North Branch of Oak Creek, including 
the tributary to Upper Oak Creek, Southland 
Creek, and the tributary to Southland Creek. The 
stream system selected for detailed study totaled 
26 miles, as shown on Map 28 in Chapter V. 

The topography and physiographic features of the 
Oak Creek watershed have been largely determined 
by the underlying bedrock and overlying glacial 
deposits. The Niagara Cuesta, on which the water- 
shed lies, is a gently eastward sloping bedrock 
surface. Glacial deposits overlying the bedrock 
formations which form 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 
810 feet above National Geodetic Vertical Datum 
(Mean Sea Level Datum) along the western border 
of the watershed to approximately 590 feet above 
that datum at the mouth, a maximum relief of 
about 220 feet. 

Wildlife and Wildlife Habitat 
As a result of urban and agricultural development, 
woodlands, wetlands, and other natural areas 
which provide good wildlife habitat are limited 
within the Oak Creek watershed. Only about 
587 acres of significant wildlife habitat remain 
within the watershed, of which about 57 percent is 

rated as having a relatively low value. The remain- 
ing wildlife habitat areas are particularly important 
because of the recreational, educational, and 
aesthetic values provided, and because of the 
element of naturalness and diversity that these 
areas impart to both the urban and rural environ- 
ments of the watershed. 

Existing and Potential Park. Outdoor 
~ecreation. and Related  den S ~ a c e  Sites 
A total of 34 existing park, outdoor recreation, 
and related open space sites lie within the water- 
shed, encompassing a combined area of 1,686 
acres, or about 9 percent of the total area of 
the watershed. 

Environmental Corridors 
The delineation of natural resource and related 
elements within the Region produces a pattern of 
narrow, elongated areas which have been termed 
"environmental corridors" by the Regional Plan- 
ning Commission. As of 1980, primary environ- 
mental corridors in the watershed occupied 447 
acres, or about 3 percent of the watershed area. In 
contrast, primary environmental corridors occu- 
pied about 17 percent of the entire seven-county 
Southeastern Wisconsin Region. Secondary environ- 
mental corridors occupied an additional 1,152 
acres, or an additional 6 percent of the watershed. 
Isolated natural features occupied about 222 acres, 
or about 1 percent of the watershed area. The 
continued preservation of the primary environ- 
mental corridors in essentially natural, open uses is 
essential to maintaining the overall 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. 
Congress set in motion a series of actions which 
had important implications for water resources 
planning and management. Water use objectives 
and supporting water quality standards are now 
required for all of the navigable waters of the 
United States, and it is a national goal to restore 
and maintain these waters to and in a "fishable 
and swimmable" state. To meet this goal, the Act 
requires the establishment of specific effluent 
limitations for all point sources of water pollution. 
These limitations are to be enforced through a 
pollutant discharge permit system. 

The 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, 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 
Precipitation is the primary source of water enter- 
ing the Oak Creek watershed, and averages about 
31 inches annually. Surface water runoff and evapo- 
transpiration losses constitute the primary outflow 
from the watershed. The average annual runoff 
approximates 12 inches, and the annual evapo- 
transpiration loss totals about 19 inches. 

The streamflow and flood stage records available 
for the Oak Creek 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 Oak Creek watershed may be divided into five 
subwatersheds, as shown on Map 32 in Chapter V. 
These subwatersheds are: 1) the Lower Oak Creek 
subwatershed which encompasses 5.03 square 
miles, or 18.4 percent of the total watershed area; 
2) the Middle Oak Creek subwatershed, which 
encompasses 6.54 square miles, or 24 percent of 
the total watershed area; 3) the Upper Oak Creek 
subwatershed, which encompasses 3.80 square 
miles, or 14 percent of the total watershed area; 
4) the North Branch of Oak Creek subwatershed, 
which encompasses 8.05 square miles, or 29.5 
percent of the total watershed area; and 5) the 
Mitchell Field Drainage Ditch subwatershed, which 
encompasses 3.83 square miles, or 14.1 percent of 
the total watershed area. The streams studied 
included Oak Creek in the Lower and Middle Oak 
Creek subwatersheds; Oak Creek and the tributary 
to Upper Oak Creek in the Upper Oak Creek 
subwatershed; the North Branch of Oak Creek, 
Southland Creek, and the tributary to Southland 
Creek in the North Branch of Oak Creek subwater- 
shed; and the Mitchell Field Drainage Ditch in the 
Mitchell Field Drainage Ditch subwatershed. 

Pertinent hydrologic-hydraulic characteristics of 
the watershed-including land use, channel slopes, 

hydraulic structures, and channel modifications- 
were inventoried and analyzed. Approximately 
26 lineal miles of stream within the watershed were 
selected for development of detailed flood hazard 
information, including discharge-frequency relation- 
ships, flood stage profiles, and areas of inundation 
for selected flood recurrence intervals. Detailed 
data were obtained for 101 hydraulically signifi- 
cant bridges, culverts, and sills-out of a total of 
109 such structures on the stream system studied- 
and 534 floodland cross-sections were prepared for 
that portion of the stream system modeled under 
the watershed study. 

Of the approximately 26 lineal miles of stream 
studied, about 12 miles, or 47 percent, had been 
significantly modified through man-made channel 
alterations by 1980, as shown on Map 30 in 
Chapter V. The modified stream reaches lie largely 
along Lower and Upper Oak Creek, the North 
Branch of Oak Creek, and the Mitchell Field 
Drainage Ditch. 

Water Resources Simulation Model 
Quantitative analysis of hydrologic, hydraulic, and 
water quality conditions under existing and alter- 
native future conditions is a fundamental require- 
ment of any comprehensive watershed planning 
effort. Hydrologic-hydraulic-water quality simula- 
tion, accomplished with a set of interrelated digital 
computer programs, is an effective way to conduct 
the required quantitative analyses. The water 
resource simulation model developed from existing 
computer programs for use in the Oak Creek 
watershed planning effort consisted of four sub- 
models: a hydrologic submodel, two hydraulic 
submodels, and a water quality submodel. 

The principal function of the hydrologic submodel 
was to determine the volume and temporal distri- 
bution of runoff from the land to the stream 
system using meteorological and land data. The 
first hydraulic submodel accepts as input the 
runoff from the land surface for each hydrologic 
land segment type in the watershed, as produced 
by the hydrologic submodel, aggregates these data 
with point source discharges, and performs routing 
through the stream system, thereby producing a 
continuous series of discharge values at  predeter- 
mined locations along the surface water system of 
the watershed. The second hydraulic submodel 
computes flood stages attendant to flood flows of 
specified recurrence intervals as determined using 
the first hydraulic submodel. This permits the 
ready preparation of flood stage profiles to be used 
in the delineation of flood hazard areas. The water 



quality submodel simulates, at selected locations 
on the surface water system, the time-varying 
concentrations, or levels, of water quality indica- 
tors, including temperature, dissolved oxygen, fecal 
coliform bacteria, phosphate-phosphorus, total 
dissolved solids, carbonaceous biochemical oxygen 
demand, ammonia nitrogen, nitrate nitrogen, 
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 actual conditions. The 
hydrologic and hydraulic submodels were cali- 
brated by comparing the simulated discharges and 
stages to measured discharges and stages at the 
stream flood and crest-stage gaging stations located 
on Oak Creek and the North Branch of Oak Creek, 
and by comparing simulation stages to historic 
flood data available at several other locations in 
the watershed. The water quality submodel was 
calibrated using data obtained from the Commis- 
sion's extensive 1976 stream water quality moni- 
toring program. 

Flood Characteristics, Damage, and Risk 
Research of the available historic records indicated 
the occurrence of eight major floods in the Oak 
Creek watershed since 1917. These floods, each of 
which caused significant damage to property as 
well as disruption of normal social and economic 
activities, occurred on June 22, 1917; June 23, 
1940; March 30, 1960; June 11, 1967; June 26, 
1968; September 18, 1972; April 21, 1973; and 
September 13,1978. The June 23,1940, flood was 
the largest flood of record, having a recurrence 
interval of about 50 years on Oak Creek at 15th 
Avenue. The flood of March 30, 1960, was the 
second largest flood of record on Oak Creek. 

The principal types of damage experienced in 
the Oak Creek watershed have been damage to 
croplands and to structures-private residences 
and commercial buildings-and to their contents 
as a result of direct and secondary flooding. 
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 Oak Creek 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 arterial streets and high- 
ways by inundation or by damage to bridges. 
Although floodland recreational areas and facili- 

I 

ties, 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 within the Oak Creek watershed ! 
having potential for the heaviest flood damages are 
shown on Map 78, along with the estimated 
average annual flood damages under both existing 1 
and probable future land use conditions and the 
damages for a flood having a recurrence interval 
of 100 years. For the watershed as a whole, the 
average annual flood damages under existing ~ 
land use and channel conditions approximate 
$30,000. Damages from a 100-year recurrence 1 
interval flood over the entire watershed under 
existing land use and channel conditions approxi- 
mate $344,000. The reaches of heaviest flood 
damage are the reach along Oak Creek between 
the confluence with the Mitchell Field Drainage 
Ditch and S. Shepard Avenue in the City of Oak 
Creek, where the average annual and 100-year 
recurrence interval flood damages under existing 
land use and channel conditions approximate 
$13,400 and $117,400, respectively; and the reach 
along the North Branch of Oak Creek between 
W. Puetz Road and about 1,800 feet upstream of 
the Chicago, Milwaukee, St. Paul & Pacific Rail- 
road (Milwaukee Road), where the average annual 
and .loo-year recurrence interval flood damages 
approximate $7,800 and $185,700, respectively. 
On an average annual basis over the entire water- 
shed, flood damages may be expected to more 
than triple under planned land use and existing 
channel conditions. 

For the watershed as a whole under existing land 
use and channel conditions, a total of 22 struc- 
tures-six residential structures and 16  nonresiden- 
tial structures-would be subject to  flood damages 
under a 100-year recurrence interval flood event. 
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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 at $30,000. Damages from a 100-year recurrence interval flood over the entire watershed under existing land use and channel condi- 
tions are estimated at $344.000. On an average annual basis aver the entire watershed, there damages could be expected to more than triple 
under planned land use and existing channel conditions. 

Source: SEWRPC. 



Under plan year 2000 land use and existing condi- 
tions, 30 structures may be expected to be affected 
by flooding-11 residential structures and 1 9  non- 
residential structures. 

Surface Water Quality and Pollution 
The term "water quality" encompasses the physi- 
cal, chemical, and bio1;gical characteristics of the 
water. Water is deemed to be polluted when foreign 
substances caused by or related to human activity 
are present in such a form and concentration as 
to render the water unsuitable for a desired bene- 
ficial use. 

An assessment of a variety of data sources dating 
back to 1954 indicated that generally poor surface 
water quality conditions exist in the Oak Creek 
watershed. 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 concentrations of 
pollution and the worst streamwater quality con- 
ditions 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 stream- 
flows. This may be attributed to the accumulation 
of pollutants on the surface of the watershed 
between runoff events and the subsequent trans- 
port of those pollutants to the stream system 
during runoff. While the poor water quality condi- 
tions are associated with precipitation-induced 
events, the worst water quality conditions result 
from events having a recurrence interval of one 
year or less. Water quality problems and the loss of 
fish and other aquatic life habitat and recreational 
use associated with nonpoint source runoff are 
usually manifested during low-flow periods. 

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, and 
excessive nutrient concentrations, particularly 
phosphorus, under wet weather conditions. 

Pollutant loading analyses conducted under the 
Commission areawide water quality management 
planning program, and confirmed under the water- 
shed study, indicate that nonpoint sources of 
pollution-both rural and urban-account for the 
majority of pollutants that are transported to the 
surface water system. Commission inventories indi- 

cated that virtually all of the nitrogen, phosphorus, 
biochemical oxygen demand, fecal coliform 
organisms, and suspended solids are contributed to  
the surface water system of the watershed by these 
nonpoint sources of water pollution. These pollu- 
tant loadings will occur during wet weather condi- 
tions when surface water runoff acts to transport 
pollutants to the stream system of the watershed. 

Point source water pollution contributions are 
relatively insignificant in the Oak Creek watershed. 
The sources of pollution identified as point sources 
consist of three municipal sanitary sewerage system 
flow-relief devices, and 16  industrial wastewater 
discharge outfalls. As of mid-1984, the three flow- 
relief devices had been either abandoned or abated. 

About 38 percent of the total area of the Oak 
Creek watershed is provided with engineered urban 
stormwater drainage facilities. Therefore, much 
of the runoff from urban areas, which may be 
expected to be grossly polluted, enters the surface 
water system directly through storm sewer outfalls 
located along the major streams, with the remain- 
ing 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 or 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 pollutant loading to the river system. 

The limited data available also indicate that, 
with the possible exception of mercury and poly- 
chlorinated biphenyls (PCB's), excessive concen- 
trations of toxic and hazardous substances do 
not exist in the surface water system of the Oak 
Creek watershed. 

In 1980, the surface water quality conditions in 
the Oak Creek watershed did not satisfy the stan- 
dards supporting the adopted water use objectives. 
Improvement of surface water quality in the Oak 
Creek 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 Oak Creek 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 within the Oak Creek basin by developing a 
workable plan to guide the staged development of 
multi-purpose water resource facilities and related 
resource conservation and management programs 
for the watershed. The principal problems to be 
addressed include flood damage and water pollu- 
tion, and changing land use as it relates to these 
two problems. 

Following determination of the present and 
probable future conditions within the watershed, a 
framework of watershed development objectives 
and supporting principles and standards was 
established to guide the design of alternative 
floodland management and water quality manage- 
ment measures for the watershed and to provide 
a basis for evaluation of the relative merits of 
these alternatives. This framework of watershed 
development objectives and standards basically 
envisions 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 
assigned to the waters of the Oak Creek stream 
system water use objectives which provide for 
the maintenance of a warrnwater fishery and 
full recreational use, as shown on Map 42 in 
Chapter IX of this report. The standards support- 
ing these water use objectives are identified in 
Table 69 in Chapter IX. 

In conformance with the national water quality 
objectives set forth in the Federal Water Pollution 
Control Act, all of the surface waters of the Oak 
Creek watershed were initially assigned water use 
objectives and supporting standards that would 
provide fully "fishable and swimmable" condi- 
tions. 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 water quality and 
flood control and the practicality of maintaining a 
fishery in th'e watershed, however, the recom- 
mended water use objectives for the surface waters 
of the Oak Creek watershed-which are set forth 
on Map 77 in Chapter XIV-were changed from 

that initial idealized set. The main stem upstream 
of the North Branch of Oak Creek and the North 
Branch upstream of the first S. 6th Street crossing 
were classified for a warrnwater fishery and limited 
recreational use. The Mitchell Field Drainage Ditch 
was classified for a limited fishery and limited 
recreational use. The water quality objectives and 
supporting standards providing for maintenance of 
a warmwater fishery and full recreational use were 
retained for the remaining perennial stream reaches 
in the watershed. 

ALTERNATIVE PLANS 

The comprehensive plan for the Oak Creek water- 
shed was prepared within the context of an existing 
set of adopted regional plan elements, including, 
importantly, the adopted regional land use plan, 
regional park and open space plan, and regional 
water quality management plan. Accordingly, the 
major focus of the watershed study was on the 
floodland management and fishery development 
plan elements. The land use and park and open 
space element of the watershed plan constituted a 
refinement of the adopted regional land use and 
park and open space plans. The water quality 
management element 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. Six structural floodland measures 
were identified for possible application either 
individually or in various combinations to specific 
flood-prone reaches of the watershed: 1 )  detention 
storage, 2) diking, 3) diversion, 4) bridge or culvert 
modification or replacement, 5) channelization, 
and 6) onsite storage. Twelve nonstructural mea- 
sures were similarly identified: l )  reservation of 
floodlands for recreational and related open space 
uses, 2) floodland use regulation, 3) channel 
maintenance, 4) flood insurance, 5) lending institu- 
tion policies, 6) realtor policies, 7) community 
utility policies, 8 )  emergency flood-warning pro- 
grams, 9) regulation of land use outside the flood- 
lands, 10) structure floodproofing and elevation, 
11) structure removal, and 12) community educa- 
tion programs. 

The various alternative structural floodland manage- 
ment plans prepared and evaluated under the Oak 
Creek watershed study are identified in Table 83 
in Chapter XII. Including the two "no action" 



alternatives-one providing for no development in 
the floodplain and one providing limited devel- 
opment in the floodplain fringe-12 alternative 
floodland management plans were prepared and 
evaluated. Each of these alternatives was evaluated 
with the assistance of water resource simulation 
models, assuming plan year 2000 land use condi- 
tions and the effect of such conditions on the 
flood flow regimen of the stream system. The 
alternative plans are described and evaluated in 
Chapter XI1 of this report, including the benefit- 
cost ratios attendant to each alternative. 

In determining the recommended fishery develop- 
ment plan, four alternative plans were developed as 
described in Chapter XII. 

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 plan consists of a land use 
and park and open space element; a floodland 
management element; a fishery development 
element; and a water quality management element. 
The plan, which is recommended for adoption 
as a guide to the physical development of the 
Oak Creek 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. This 
recommended plan element proposes the follow- 
ing measures: 

1. The guidance of future land use develop- 
ment in the watershed through land use 
controls locally exercised to achieve the land 
use pattern shown on Map 45 in Chapter XI. 
By so guiding future development, the 
intensification of existing, and the creation 
of new, developmental and environmental 
problems would be avoided. Importantly, 
the primary environmental corridors of the 
watershed, together with the remaining 
undeveloped floodlands, would be protected 
from incompatible urban development, 
thereby assuring continued enjoyment of 
the recreational, aesthetic, ecological, and 

cultural values associated with the riverine 
areas, while avoiding intensification of 
flood damage and water pollution problems. 

The recommended plan would accommodate 
a resident population in the watershed of 
about 72,600 persons, an increase of about 
32,900 persons over the 1980 level; and a 
planned employment of about 27,300 jobs, 
an increase of about 7,300 jobs over the 
1980 level. To accommodate the increase in 
population and employment, an additional 
11.1 square miles of land would be con- 
verted from rural to urban use between 1980 
and 2000, bringing the total urban land to 
24.3 square miles, or 89 percent of the total 
area of the watershed. New urban develop- 
ment in the watershed is proposed to occur 
primarily at medium population densities, 
with gross residential population densities 
ranging from about 3,000 to 9,000 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, par- 
ticularly 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, with the exception of about 
30 acres, or about 7 percent of the total 
corridor lands, which are proposed to be 
converted to urban use reflecting committed 
local planning and zoning decisions. The 
primary environmental corridors of the Oak 
Creek watershed total about 447 acres and 
are located generally along the lower reaches 
of Oak Creek in the City of South Milwau- 
kee, and in an area encompassing a large con- 
centration of wetlands and woodlands in the 
southeastern area of the watershed in the 
City of Oak Creek. Of the total corridor 
lands, 229 acres, or about 51 percent, are 
already in public ownership. Accordingly, 
the plan recommends that the remaining 
188 acres, or 42 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 restoration of 579 acres of agricultural 
and other open lands to  wetland vegetation, 
thereby restoring and re-creating primary 
environmental corridors within the water- 



shed. These lands arc all located within 
existing and proposed county-owned park- 
way boundaries. 

4. The completion of the acquisition of lands 
for the Oak Creek Parkway. 

5. The development of eight miles of recrea- 
tional trails through environmental corridor 
landsseven miles along Oak Creek between 
Lake Michigan and E. Fitzsimmons Road, 
and one mile between the Oak Creek recrea- 
tional corridor and Bender Park. 

6. The continued provision of park and out- 
door recreational facilities throughout the 
watershed, including the maintenance of 
Grant Park and Oakwood Park as large, 
multi-purpose outdoor recreational facilities; 
the development of outdoor recreational 
facilities at Falk Park; the continued main- 
tenance of Abendschein, Copernicus, and 
Maitland Parks as community parks; the 
continued maintenance of seven existing 
neighborhood parks; the provision of addi- 
tional recreational facilities at five publicly 
owned but only partially developed neigh- 
borhood parks; and the acquisition and 
development of four additional neighbor- 
hood parks as needed. 

Floodland Management Plan Element 
The recommended floodland management plan 
element for the Oak Creek watershed consistsbf a 
carefully selected combination of structural and 
nonstructural 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, such 
development be permitted only if onsite storm- 
water detention will be provided to  assure that 
runoff from the developed land will not exceed 
runoff under predevelopment conditions; or if it is 
shown that the development will not increase 
downstream discharges and stages over those set 
forth in the watershed plan. 

The recommended floodland management plan 
element contains both structural and nonstructural 
flood control measures to resolve existing prob- 
lems. The basic nonstructural plan measures consist 

of the land use development proposals contained in 
the land use element of the watershed plan. The 
major structural measures consist of: 

1. Deepening and shaping of 1.4 miles of the 
main stem of Oak Creek between River 
Mile 10.30 and S. 27th Street, all in the City 
of Oak Creek. Within this reach, the stream- 
bed would be lowered an average of three 
feet, resulting in average and maximum 
channel depths of 7.5 feet and 10 feet, 
respectively. The modified channel would be 
turf-lined, with a bottom width of 10  feet 
and side slopes of one on three, and would 
have a capital cost of about $163,000. 

2. Deepening and shaping of 1.0 mile of the 
North Branch of Oak Creek channel between 
the steel sheet pile spillway located west of 
the United Parcel Service distribution center 
and S. 13th Street in the Cities of Oak Creek 
and Milwaukee. Within this reach the stream- 
bed would be lowered an average of three 
feet, resulting in average and maximum 
channel depths of 5.7 feet and 11 feet, 
respectively. The modified channel would be 
turf-lined, with a bottom width of 10 feet 
and side slopes ranging from one on two to 
one on five, similar to the existing side 
slopes in this reach, and would have a capital 
cost of about $44,000. Fish and other 
aquatic life habitat destroyed as a result of 
channel modifications should be mitigated 
through an approved rehabilitation plan. 

3. The floodproofing of 21 buildings, of which 
20 are in the City of Oak Creek and one is in 
the City of Milwaukee, at an estimated total 
capital cost of $367,000; the elevation of six 
buildings, all in the City of Oak Creek, at an 
estimated capital cost of $193,000; and the 
removal of two buildings, both in the City of 
Oak Creek, at an estimated cost of $132,000. 

4. The replacement of two bridges on the 
North Branch of Oak Creek-the Milwaukee 
Road railway crossing at River Mile 4.75 at 
an estimated capital cost of $110,000; and 
the W. College Avenue crossing at River Mile 
4.91. The capital cost of the latter bridge 
replacement was not reflected in the cost of 
the recommended flood control measures 
since this bridge is scheduled to be replaced 
for highway improvement purposes. 

5. The development of stormwater management 
system plans for individual subwatersheds. 
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The total capital cost of these measures is esti- 
mated at $1,009,000, with an annual operation 
and maintenance cost of about $1,000. 

In addition to the foregoing measures, the floodland 
management element of the plan includes recom- 
mended standards relative to channel improvement 
and bridge replacement to  ensure that major streets 
and highways remain operable during flood events. 
The plan also includes several supplemental mea- 
sures intended to minimize the monetary losses 
associated with flooding, including participation in 
the Federal Flood Insurance Program and continua- 
tion of desirable lending institution and realtor 
policies concerning the sale of riverine properties. 
The 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 
measures recommended in the plan. In general, 
those floodlands lying within the 100-year recur- 
rence interval flood hazard lines under year 2000 
planned land use conditions that are presently 
neither developed for urban use, nor committed to  
such use by the recordation of land subdivision 
plats and the installation of municipal improve- 
ments, should be zoned so as to prohibit incom- 
patible urban development. Those existing urban 
land uses in the floodlands scheduled to  be flood- 
proofed, elevated, or protected through structural 
flood control measures should be placed in a flood 
hazard district until implementation of the recom- 
mended flood control measures, at  which time the 
lands should be appropriately rezoned. 

Accessory Considerations-Floodland Plan Ele- 
ment: In addition to the flood control measures 
described above, the floodland management plan 
element contains measures which address the need 
to maintain recreational navigation at the mouth of 
Oak Creek. These measures are aimed at alleviating 
the problem of sandbar formation at the mouth of 
Oak Creek which at times interferes with the use of 
a public boat launch facility located in Grant Park. 
These measures are stepwise in nature and consist 
of the following: 

1. Construction of a jetty south of, and parallel 
to, the north side of the mouth of the creek 
to define a 20-foot-wide by four-foot-deep 

navigation channel; lowering of the sand 
level on the beach north of the channel to an 
elevation which is two feet below the top of 
the existing jetty located along the north 
side of the mouth of the creek; and the 
performance of such minimal dredging of 
the navigation channel as may be required to 
maintain four feet of depth, given that the 
proposed channel confinement should keep 
the channel clear by the scouring action of 
the streamflows. The capital cost of these 
measures is estimated to total $140,000. 
These measures would have an annual opera- 
tion and maintenance cost of about $5,000. 

2. Design and construction of either a diffuser 
network within the navigation channel or a 
dry dam at or near the existing footbridge 
near River Mile 0.14, provided that the 
scouring action intended to be created by 
the jetty construction proves to be inade- 
quate, and dredging of the navigation chan- 
nel must be done too frequently. Water 
either pumped through the diffusers or 
stored behind the dam would be used to 
flush accumulated sand from the navigation 
channel. The capital cost of the diffuser net- 
work would approximate $40,000, while the 
capital cost of the dry dam would approxi- 
mate $55,000. The diffuser network would 
have an annual operation and maintenance 
cost of about $3,000, while the dry dam 
would have an annual operation and mainte- 
nance cost of about $2,000. 

Fishery Development Plan Element 
The fishery development plan element for the Oak 
Creek watershed consists of the following measures 
which are aimed at developing a recreational 
fishery and a more balanced fish population in 
the watershed: 

1. Modification of the Mill Road dam by 
notching the existing structure down to the 
streambed to  provide an opening of 40 feet 
at the top of the dam and 10  feet at  the base 
of the dam. This would eliminate the exist- 
ing mill dam pond and restore this reach to a 
free-flowing stream. 

2. Dredging a portion of the accumulated 
sediments behind the Mill Road dam to  
normalize the streambed gradient and to 
re-create stream meanders. 



3. Removal or modification of five sill and 
drop structures, two of which are on the 
main stem of Oak Creek, and three of which 
are on the North Branch. 

4. Instream habitat mitigation measures, includ- 
ing the placement of boulder retards and 
stone rip-rap, and encouraging the develop- 
ment of stands of emergent vegetation in 
the streambed. 

5. Stream bank stabilization measures, includ- 
ing placement of stone rip-rap and wing 
deflectors, as well as prescribed plantings. 

6. An initial fish-stocking program. 

The capital cost for this plan element is estimated 
to total $65,000. 

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 Oak Creek 
watershed through the following measures: 

1. The elimination of the direct or indirect 
discharge of industrial wastes to the Oak 
Creek and its tributaries while allowing the 
continued discharge of clear water, such as 
spent cooling water, to  the stormwater 
drainage system. 

2. The abatement of pollution from nonpoint 
sources throughout the Oak Creek water- 
shed through participation in the Wisconsin 
Nonpoint Source Pollution Abatement Pro- 
gram which is administered by the Wisconsin 
Department of Natural Resources. Designa- 
tion as a priority watershed under this pro- 
gram would result in the preparation of a 
nonpoint source abatement plan for the Oak 
Creek watershed. Municipalities and land- 
owners within the watershed would then 
be eligible for state funding which would 
pay for 50 to 70 percent of the capital 
cost of certain nonpoint source control 
measures. The nonpoint source abatement 
plan should be coordinated with detailed 
stormwater management plans designed to  
abate local stormwater drainage problems in 
the watershed. 

Subject to the guidelines and recommen- 
dations set forth in the nonpoint source 

abatement plan, it is recommended that the 
abatement of pollution from nonpoint 
sources be conducted through implementa- 
tion of a combination of the following 
measures: proper material storage and 
runoff control on industrial and commercial 
sites; control of sediment and debris during 
demolition and construction activities; pub- 
lic education programs to promote proper 
use of fertilizers and pesticides; litter and pet 
waste control; the application of soil conser- 
vation practices on rural land; improved 
timing and efficiency of street sweeping, leaf 
collection, and catch basin cleaning; stream 
bank erosion control; provision of sanitary 
sewer service to all developed areas of the 
watershed; development of accidental hazard- 
ous spill prevention and control plans; and 
the alteration of floor drains and sump 
pumps in industrial facilities which collect 
toxic and hazardous substances to eliminate 
discharges to storm sewers and surface 
watercourses. State regulations prohibit the 
connection of building floor drains to storm 
sewers or surface waters. 

3. Construction of three sediment retention 
basins, all in the City of Oak Creek: one 
on the North Branch of Oak Creek about 
1,300 feet upstream of the first S. 6th Street 
crossing; one on Oak Creek upstream of the 
confluence with the North Branch of Oak 
Creek; and one on the Mitchell Field Drain- 
age Ditch upstream of E. Rawson Avenue. 
These basins would be designed to  maintain 
a permanent pool of water with a mean 
depth of five feet. The water surface area 
and volume of each basin would be: eight 
acres and 40 acre-feet, respectively, for the 
North Branch of Oak Creek basin; seven 
acres and 35 acre-feet, respectively, for the 
Oak Creek basin; and six acres and 30 acre- 
feet, respectively, for the Mitchell Field 
Drainage Ditch basin. Construction of these 
basins would result in water quality objec- 
tives being met in the Oak Creek main stem 
from the mouth upstream to the confluence 
with the North Branch of Oak Creek, a 
distance of about 9.8 miles; in the North 
Branch of Oak Creek from its confluence 
with Oak Creek upstream to the proposed 
basin, a distance of about 2.6 miles; and in 
the Mitchell Field Drainage Ditch from its 
confluence with Oak Creek upstream to 
E. Rawson Avenue, a distance of about 
0.8 mile. These basins would be designed 



solely for water quality improvement pur- 
poses and would not be expected to have 
significant flood control benefits. These 
basins should be designed so as to provide 
passage for fish migrations. 

The capital cost of these three basins is 
estimated to total $530,000, with annual 
operation and maintenance costs approxi- 
mating $20,000. 

4. The undertaking of a cooperative, continu- 
ing water quality monitoring program. 

COST ANALYSIS 

In order to assist public officials in evaluating the 
recommended comprehensive Oak Creek 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. 

The schedule of capital and operation and mainte- 
nance costs for the recommended watershed plan is 
set forth in Table 95 in Chapter XIV. This schedule 
assumes a 15-year plan implementation period 
beginning in 1986 and extending through the year 
2000. The capital cost of implementing the entire 
Oak Creek watershed plan is estimated at $10.6 
million, representing an average annual capital 
expenditure over the 15-year period of nearly 
$710,000. Of this total, about $3.6 million, or 
34 percent, representing an average annual expen- 
diture of $236,500, is required to implement the 
park and open space element of the plan, including 
the acquisition of primary environmental corridor 
lands; about $5.8 million, or 55 percent, represent- 
ing an average annual expenditure of $389,000, is 
required for implementation of the water quality 
management element of the plan; about $1.2 
million, or 11 percent of the total, representing an 
average annual expenditure of about $80,200, is 
required for implementation of the floodland 
management element of the plan; and about 
$65,000, or less than 1 percent of the total, repre- 
senting an average annual expenditure of about 
$4,300, is required for implementation of the 
fishery development element of the plan. 

Thus, the total capital investment and operation 
and maintenance cost required for plan implemen- 
tation may be expected to approximate $1.0 mil- 
lion on an average annual basis, or about $18.05 

per capita per year over the 15-year plan imple- 
mentation period. This per-capita cost is based on 
a resident watershed population of about 56,000 
persons-the anticipated average resident popula- 
tion in the watershed between the 1980 population 
level of about 39,700 persons and the plan year 
2000 population level of about 72,600 persons. 
The average annual costs of implementation of the 
land use and park and open space element, water 
quality management element, floodland man- 
agement element, and fishery development ele- 
ment are estimated at, respectively, $302,800, 
or $5.41 per capita; $611,000, or $10.91 per 
capita; $92,800, or $1.66 per capita; and $4,300, 
or $0.07 per capita. 

The only significant, newly proposed projects and 
accompanying expenditures envisioned in the Oak 
Creek watershed plan are those associated with the 
floodland management and fishery development 
elements. The costs of the land use and park and 
open space element and of the water quality 
management element have been included in other 
regional plan elements, and do not represent new 
expenditures. The total cost, including both capital 
and operation and maintenance costs, of the 
recommended floodland management element of 
the watershed plan is about $1.4 million for the 
15-year plan implementation period. Of this total, 
$560,000 represents the costs for structure flood- 
proofing and elevation. Since these latter 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. The remaining $840,000 for implementation 
of the floodland management measures represent 
public costs. This would amount to a public invest- 
ment of about $56,000 on an average annual basis, 
or about $1.00 per capita per year over the 15-year 
plan implementation period. Of this total average 
annual public expenditure, $43,000, or $0.77 per 
capita per year, represents capital costs, while 
$13,000, or $0.23 per capita per year, represents 
operation and maintenance costs. 

The total cost of the recommended fishery devel- 
opment element of the watershed plan is about 
$65,000, all of which represents public costs. This 
amounts to an expenditure of $4,300 on an aver- 
age annual basis, or about $0.07 per capita per year 
over the 15-year plan implementation period. All 
of this total represents capital costs. There are no 
operation and maintenance costs associated with 
this plan element. 



PLAN IMPLEMENTATION 

Chapter XV of this report identifies the various 
plan implementation responsibilities by level and 
unit of government. Most of the major recommen- 
dations contained in the comprehensive Oak Creek 
watershed plan can be undertaken by the existing 
state, county, and local units of government. 

At the local governmental level, plan implementa- 
tion entities include Milwaukee County and the 
Cities of Cudahy, Franklin, Greenfield, Milwaukee, 
Oak Creek, and South Milwaukee. On an areawide 
level, the implementation agency is the Milwaukee 
Metropolitan Sewerage District. At the state level, 
implementation entities include the Wisconsin 
Departments of Natural Resources, Transportation, 
and Agriculture, 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 Emer- 
gency Management Agency, the U. S. Department 
of Agriculture, and potentially the U. S. Army 
Corps of Engineers. 

Primary emphasis in implementation of the newly 
developed recommendations of the Oak Creek 
watershed plan-that is, those dealing with flood 
control-is based on actions by the Milwaukee 
Metropolitan Sewerage District and, to a lesser 
degree, the Cities of Milwaukee and Oak Creek. 
The listing of the detailed plan actions required 
to implement the watershed plan by level, unit, 
and agency of government is set forth on pages 
492 through 501 of this report. 

PUBLIC REACTION TO THE RECOMMENDED 
PLAN AND SUBSEQUENT ACTION OF THE 
OAK CREEK WATERSHED COMMITTEE 

A formal public hearing was held on April 30, 
1986, upon completion of the preliminary plan for 
the watershed. The hearing was conducted on 
behalf of the Regional Planning Commission by the 
Oak Creek Watershed Committee, with the Chair- 
man of the Committee presiding. The purpose of 
the hearing was to  present the preliminary findings 
and recommendations 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 Com- 
mission Newsletter summarizing the preliminary 

findings and recommendations of the study.2 The 
hearing was held at 7:30 p.m. on April 30,1986, at 
South Milwaukee City Hall. 

Minutes of the public hearing were published by 
the Commission and provided to both the Oak 
Creek Watershed Committee and the Regional 
Planning Commission for review and consideration 
prior to final adoption of the recommended plan.3 
Included in the public hearing document are 
the written comments submitted at or after the 
public hearing. 

The record of the public hearing indicated a 
generally favorable reaction to the overall plan 
with one major exception, and with concerns being 
expressed by a number of individuals, organiza- 
tions, and agencies with respect to five additional 
matters. The major exception to the generally 
favorable reaction to the plan involved the pro- 
posed removal of the Mill Road dam and attendant 
pond in order to allow the seasonal migration of 
fish into the upstream reaches of the watershed. 

The five additional matters for which concerns 
were raised were as follows: 

1. The extension of a sport fishery upstream of 
the Mill Road dam. 

2. The navigation bulkhead proposed to be 
constructed at the mouth of Oak Creek. 

3. Stormwater drainage problems in the City of 
Oak Creek. 

4. Planned land use recommendations for areas 
in the City of Cudahy. 

5. The status of an existing stormwater deten- 
tion basin located in the City of Cudahy. 

Each of these six areas of concern is discussed 
below, together with the Advisory Committee's 
response thereto. Changes to the preliminary plan 
as proposed by the Advisory Committee and 
presented in Chapter XIV of this report are specifi- 
cally noted. 

2 ~ e e  SEWRPC Newsletter, Vol. 26, No. 1, January- 
February, 1986. 

3 ~ e e  Minutes of Public Hearing, A Comprehensive 
Plan for the Oak Creek Watershed, SEWRPC. 



Concerns Over Removal of the Mill Road Dam 
The vast majority-22 out of 24--of the individuals 
and groups who addressed the Advisory Committee 
at the public hearing presented comments relating 
to the recommendation for the removal of the 
Mill Road dam in the City of South Milwaukee for 
the purpose of allowing fish migration into the 
upstream reaches of the watershed. Of those indi- 
viduals and groups, all but three were in opposition 
to its removal. Comments which endorsed the 
removal of the dam for fish migration purposes 
were presented by representatives of the Wisconsin 
Wildlife Federation, the Milwaukee County Conser- 
vation Alliance, the South Milwaukee 1400 Fishing 
and Hunting Club, and the Milwaukee Audubon 
Society. The concerns presented related to the loss 
of a structure of historic significance; the potential 
loss of the aesthetic value of the pond formed by 
this dam; and the potential loss of certain recrea- 
tional opportunities afforded by the dam and 
impoundment, including ice skating. 

In response to these concerns and comments, the 
Commission staff examined two alternatives to  
the removal of the Mill Road dam relative to  the 
fishery development plan element. The alternatives 
were developed in cooperation with the Wisconsin 
Department of Natural Resources, Lake Michigan 
Area Fish Manager. These alternatives consist of: 
1)  no modification to the dam, with the resulting 
sport fishery being limited to reaches downstream 
of the dam; and 2) construction of a "fish migra- 
tion channel" to the north of the dam, which 
could act as an effective fish ladder. 

Under the first alternative, the existing dam and 
pond would be maintained in their present state. 
Thus, the aesthetic benefits of the pond would 
be retained, as would use of the pond for ice 
skating. This alternative, however, would not allow 
for the passage of fish into the reaches upstream of 
the dam, and thus these stream reaches would not 
be developed into a seasonal coldwater fishery. 
Therefore, the coldwater fishery would be limited 
to the reach downstream of the dam. Periodic 
dredging of accumulated sediments would continue 
to be required in the pond. The capital cost of this 
alternative is estimated at $100,000 for an initial 
dredging of the pond, with an average annual cost 
of about $6,000 for maintenance dredging. 

The second alternative considered consists of 
constructing a "fish migration channel" along the 
north side of the pond, following the alignment 
of the Oak Creek Parkway. Rather than passing 
through the site of the Mill Road dam, this new 

channel would exit the pond site at a point about 
80 feet north of the dam. The channel would 
extend from a point 85 feet downstream of Mill 
Road to the first Oak Creek Parkway bridge 
located upstream of the existing pond. The align- 
ment of this new channel is shown in Figure 70. 
The new channel would have a bottom width of 
five feet, with side slopes of one on two. The chan- 
nel would have a depth ranging from about 15  feet 
at Mill Road to about 6.5 feet near the upstream 
end of the pond. A typical cross-section of the fish 
migration channel is shown in Figure 70. This 
channel would contain the stream during periods 
of low flow and for floods having a recurrence 
interval of up to two years. Under this alternative, 
a berm would be constructed along the new 
channel in order that the remaining area currently 
occupied by the pond could be used to maintain a 
smaller pond. In order to maintain an adequate 
pool elevation, to ensure an adequate level of water 
quality in the pond, and to maintain flow over the 
dam in periods of dry weather, water would need 
to be pumped into the pond either from a well or 
by connection to the raw water intake for the City 
of South Milwaukee water treatment plant. Proper 
precautions would need to be taken to prevent the 
seepage of water from the pond into the fish 
migration channel. This alternative would allow for 
the migration of fish into the upstream reaches of 
the watershed while maintaining the Mill Road 
dam and pond. 

Under this alternative, it would be necessary for a 
second level planning effort to be conducted by 
the parties directly involved in the implementa- 
tion-the Milwaukee County Department of Parks, 
Recreation and Culture, the Wisconsin Department 
of Natural Resources, and the City of South 
Milwaukee. This second level plan would provide a 
more detailed evaluation and refinement of this 
alternative, and, importantly, an opportunity for 
public review of the proposal. 

The capital cost of this alternative, including the 
construction of a culvert under Mill Road, is 
estimated at $250,000, with an annual operation 
and maintenance cost of about $7,000, including 
periodic maintenance dredging of the pond. The 
100-year recurrence interval flood profile for Oak 
Creek under this alternative is shown in Table 103 
and Figure 71. 

Concerns over Extension of a Sport 
Fishery Upstream of the Mill Road Dam 
Six individuals, including four elected officials, 
expressed concern over the plan recommendation 
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for extending the sport fishery upstream of the 
Mill Road dam. These concerns related to  the 
problems of noise, litter, increased traffic, and 
trespassing on private lands which could result 
from the increased use of Oak Creek by fisher- 
men. Local officials expressed concerns over the 
increased costs to the communities for policing the 
areas along Oak Creek. These individuals felt that 
the fishing opportunities available downstream of 
the Mill Road dam were sufficient to  meet any 
reasonable demands. 

Three individuals supported extending the fishery 
upstream of the dam. Those three persons repre- 
sented the Wisconsin Wildlife Federation, the 
Milwaukee County Conservation Alliance, the 
South Milwaukee 1400 Fishing and Hunting Club, 
and the Milwaukee Audubon Society. 

In response to these concerns, the Committee 
noted that, while the possibility for these problems 
to  occur does exist, they could be minimized by 
the imposition of limits on fishing areas and on 
the hours when fishing would be allowed, and by 
the placement of signs clearly indicating where 
public property ends and private property begins. 
The Committee further noted that these problems 
relate not only to  fishermen but also to any users 
of public parkways in the County. Thus, it was 
concluded that this issue itself should not preclude 
consideration of the establishment of a fishery 
upstream of the Mill Road dam. 

Navigation Bulkhead Concerns 
Comments expressing approval of the recom- 
mended navigation bulkhead for alleviating the 
sandbar at the mouth of Oak Creek were received 
from nine individuals. Howerever, three individuals 
were concerned that this bulkhead would not serve 
to fully eliminate the problem of sandbar forma- 
tion at the mouth of Oak Creek. These individuals 
asked that consideration be given either to con- 
structing a pair of jetties which would extend into 
Lake Michigan to the north and south of the 
mouth of the creek, or to extending the existing 
north jetty to the east and southeast in a "dogleg" 
fashion in order to control the deposition of sand 
at the mouth of the creek. 

In response to these concerns, the Commission 
staff reconsidered the construction of jetties at the 
mouth of Oak Creek. The conclusion reached was 
that in order for the jetties to  provide a long-term 
solution to the sandbar problem, they would need 
to be extended for several hundred feet into the 
lake. The cost of these jetties would be much 
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higher than the cost of the recommended bulk- 
head. A 1981 study, which was prepared for the 
Milwaukee County Department of Parks, Recrea- 
tion and Culture, recommended extending the 
existing north jetty 300 feet into Lake Michigan at 
a cost of $502,000. This alternative was discussed 
in Chapter XI1 of this report. The cost in 1984 
dollars of providing two jetties, or a dogleg-shaped 
jetty, would exceed $1,000,000, in comparison to 
a capital cost of $140,000 for the measure recom- 
mended in the preliminary plan. In addition to 
having a much higher cost, the jetties would serve 
to trap sediments which are carried from north to 
south by Lake Michigan currents. By trapping 
these sediments, the jetties could deprive down- 
drift beaches of sand. 
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Oak Creek channel, such modifications having been 
previously recommended in a 1967 report prepared 
by Klug & Smith Company for the Milwaukee 
Metropolitan Sewerage District. It  was indicated 
that officials of the City of Oak Creek felt that 
these modifications were necessary in order to pro- 
vide an adequate outlet for the local stormwater 
drainage systems that would be needed to serve 
lands proposed for development within the City. 

With respect to these concerns, the Committee 
reaffirmed its recommendation that only the 
2.7 miles of channel deepening and shaping pro- 
posed in the preliminary plan as presented at the 
public hearing be included in the comprehensive 
plan. In taking this position, the Committee noted 
that the purpose of this watershed study was to 
resolve problems associated with overland flooding 
of the stream system, not stormwater management 
problems. Damage estimates relative to overland 
flooding of the stream system were not high 
enough to warrant the high cost of major channel 
modification. The Committee further noted that 
while the watershed plan recommends that detailed 
stormwater management plans be prepared for the 
watershed, there are no known areas of the water- 
shed which could not be provided with adequate 
stormwater management facilities, given the 
channel configuration and land use pattern recom- 
mended in the preliminary watershed plan. More 
specifically, under the watershed study, the staff of 
the City of Oak Creek Engineering Department 
indicated six areas within the watershed which may 
experience future stormwater drainage problems. 
These six areas are concentrated within the Middle 
and Upper Oak Creek Subwatersheds. Upon review 
and analysis of the existing and potential drainage 
facilities serving these areas, it was concluded that 
it would be possible to adequately drain these areas 
without making major channel modifications. 

In making its decision on the floodland manage- 
ment plan element, the Committee recognized that, 
not withstanding the findings of the watershed 
study, more detailed stormwater management 
plans may reveal certain stream segments where no 
technically or economically feasible alternatives 
exist to conveyance as a means of managing storm- 
water runoff locally. In these instances, additional 
channel modifications may be indicated. Such 
channel modifications may be incorporated into 
the watershed plan at a future date provided that 
it is demonstrated that: 1) there are indeed no 
feasible alternatives to the additional channeliza- 
tion; 2) the additional channelization would have 
no significant adverse impacts on downstream 

Figure 72 

CITY OF CUDAHY CHANGES TO 
RECOMMENDED LAND USE PLAN 

LEGEND 

MEDlUM DENBlTI RESIDENTIAL 

m 'ND"STR'a' 

Source: SEWRPC. 

flood flows and stages; and 3) proper instream 
mitigation measures are provided, such as the use 
of turf-lined as opposed to concrete-lined channels. 

City of Cudahy Land Use 
Plan Element Concerns 
Comments were received in a letter from the 
Director of Public Works for the City of Cudahy 
concerning the recommendations of the watershed 
land use plan element that certain lands in the City 
of Cudahy be zoned for industrial development. 
These lands are bordered by E. College Avenue 
on the south, S. Barland Avenue on the west, 
E. Donald Avenue on the north, and the Chicago 
& North Western Railway on the east. It  was 
requested that these lands be shown in the water- 
shed plan as recommended for residential develop- 
ment. In response to this request, the Committee 
agreed to change the designation of these lands 
from industrial to residential development, as 
shown in Figure 72. It should be noted that some 
of the lands within the area which are to retain 
the industrial land use designation are currently in 
institutional use. 



Table 104 

IMPACT OF CUDAHY DETENTION BASIN ON MITCHELL FIELD 
DRAINAGE DITCH FLOOD FLOWS AND STAGES 
(YEAR 2000 PLANNED LAND USE CONDITIONS) 

a~~ VD-National Geodetic Vertical Datum. 

Location 

Upstream of 
Confluence 
with Oak Creek 

Chicago & North 
Western Railway 

E. Rawson Avenue 

E. College Avenue 

Source: SEWRPC. 

Citv of Cudahv Stormwater 
-s 
Comments were also received from the City of 

River 
Mile 

0.12 

0.14 

0.1 5 
0.49 
0.77 

0.80 

0.82 
1.28 
1.82 

1.83 

1.85 

Cudahy Director of Public Works concernkg a 
stormwater detention basin located on the Ace 
World Wide Moving & Storage Company property 
north of E. College Avenue and east of the Chicago 
& North Western Railway. This detention basin 
serves an area of about 47 acres tributary to  the 
Mitchell Field Drainage Ditch. Construction of this 
basin had been requested by the City of Oak Creek 
in order to  limit the stormwater runoff from 
this property to pre-development levels. I t  was 
requested by the City of Cudahy Director of Public 
Works that the Committee consider the continued 
need for this stormwater detention basin as it 
relates to the recommended watershed plan. 

In response to this request, the Commission staff 
conducted an analysis of this stormwater detention 
basin and its impact on flood flows and stages 
along the Mitchell Field Drainage Ditch. Flood 
flows corresponding to both 10- and 100-year 
recurrence interval floods were simulated with and 

100-Year Recurrence 

Discharge 

without the detention basin. The results of these 
simulations are provided in Table 104, and indicate 
that the detention basin provides for a reduction of 
up to  1 percent in the 10-year recurrence interval 
flood discharges along the Mitchell Field Drainage 
Ditch, and of up to 2 percent in the 100-year 
recurrence interval flood discharges. This reduction 
would not have a significant impact on flood stages 
along the Mitchell Field Drainage Ditch. Therefore, 
removal of the detention basin would not signifi- 
cantly increase flooding along the Drainage Ditch. 

Interval Flood 

Stage 
(cfs) 

With 
Detention 

Basin 

1,030 

- - 

1,030 
1,030 
1,030 

- - 

940 
940 
940 

- - 

620 

10-Year Recurrence 

Discharge 

Concluding Remarks 
Based upon the foregoing, the Advisory Committee 

(feet above 

With 
Detention 

Basin 

662.4 

- - 

662.7 
663.7 
665.8 

- - 

666.9 
667.3 
673.1 

- - 

674.0 

Without 
Detention 

Basin 

1,050 

- - 

1,050 
1,050 
1,050 

- - 

950 
950 
950 

- - 

620 

With 
Detention 

Basin 

570 

- - 

570 
570 
570 

- - 

560 
560 
560 

- - 

450 

Interval Flood 

Stage 
(feet above N G V D ~ )  

made the following changes to the comprehensive 
plan for the Oak Creek watershed as that plan was 
presented at the public hearing: 

N G V D ~ )  

Without 
Detention 

Basin 

662.4 

- - 

662.7 
663.7 
665.8 

- - 

667 .O 
667.3 
673.1 

- - 

674.0 

(cfs) 

Without 
Detention 

Basin 

580 

- - 

580 
580 
580 

- - 

560 
560 
560 

- - 

450 

With 
Detention 

Basin 

661.1 

- - 

661.1 
663.0 
664.9 

- - 

665.3 
666.4 
672.1 

- - 

672.6 

1. The fishery development plan element was 
changed as it relates to  the Mill Road dam 
and attendant pond by incorporating into 
the watershed plan the "fish migration" 
channel alternative. This alternative would 
leave the Mill Road dam in its present 

Without 
Detention 

Basin 

661.1 

- - 

661.1 
663.0 
664.9 

- - 

665.3 
666.4 
672.1 

- - 

672.6 



location and condition while providing a 
bypass channel around the pond to accom- 
modate the migratory movement of fish. 
The recommended alternative is shown in 
Figure 70, and the final fishery development 
plan is graphically summarized on Map 79. 
It is further recommended that, prior to 
the implementation of the fishery develop- 
ment plan, a second level plan be completed 
by the Wisconsin Department of Natural 
Resources, in cooperation with Milwaukee 
County and the City of South Milwaukee, 
the Department acting as lead agency in the 
planning effort. Such a plan is to include the 
following items: 

A description of subsurface conditions in 
the vicinity of the proposed facilities, 
including soil boring data as needed. 

Preliminary engineering plans for the 
proposed fish migration channel and the 
handicapped fishing pier at the mouth of 
Oak Creek. 

Recommendations for limitations on the 
times during which, and on the locations 
at which, fishing will be allowed in the 
watershed in order to alleviate potential 
regulatory problems. 

Recommendations as to how the fishery 
development plan should be funded. 

An opportunity for the public to partici- 
pate in the second level planning process 
through the concerned local officials and 
through the holding of public informa- 
tional meetings and a public hearing on 
the plan recommendations. 

2. It was recommended that the floodland 
management plan recommendation for the 
preparation of stormwater management 
plans be supplemented to indicate that such 
plans may indicate that for certain stream 
reaches there are no technically or economi- 
cally feasible alternatives to improving the 
conveyance capacity as a means of local 
stormwater management. In such instances, 
additional channel modifications may be 
necessary. Such channel modifications may 
be incorporated into the watershed plan 

provided it is demonstrated that: a)  there are 
no feasible alternatives; b) the additional 
channelization would have no significant 
adverse impact on downstream flood flows 
and stages; and c) proper instream mitigation 
measures are provided. 

3. The year 2000 planned land use map for the 
Oak Creek watershed was changed to  reflect 
existing zoning in the City of Cudahy for 
an area bounded by E. College Avenue on 
the south, S. Barland Avenue on the west, 
E. Donald Avenue on the north, and the 
Chicago & North Western Railway on the 
east. The revised land use recommendation is 
shown in Figure 72. 

4. It was recommended that the City of Cudahy 
pursue with the City of Oak Creek the 
matter of abandoning a stormwater deten- 
tion basin located on the Ace World Wide 
Moving & Storage Company property north 
of E. College Avenue and east of the Chicago 
& North Western Railway. In making this 
recommendation, the Advisory Committee 
recognized that analyses conducted under 
the watershed study indicated that abandon- 
ment of this basin would not have any 
significant effects on flood flows and stages 
along the Mitchell Field Drainage Ditch. 

CONCLUSION 

Adoption and implementation of the recommended 
comprehensive plan for the Oak Creek watershed 
may be expected to result in the substantial 
achievement of the adopted watershed develop- 
ment objectives and supporting standards. Conse- 
quently, implementation of the plan may be 
expected to provide a safer, more healthful, and 
more pleasant, as well as more orderly and effi- 
cient, environment for all life in the watershed. 
Implementation of the recommended plan would 
abate the most serious and costly environmental 
problems of the watershed, including flooding and 
water pollution, would minimize the development 
of new problems of this kind, and would enhance 
the potential biological and recreational use of the 
stream system. Failure to implement the watershed 
plan may be expected to  result in the further 
intensification of developmental and environmental 
problems and potentially the creation of new prob- 
lems which will be even more expensive to resolve. 
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Appendix A 

OAK CREEK WATERSHED COMMITTEE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Norbert S. Theine Administrator, City of South Milwaukee 
Chairman 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kurt W. Bauer .Executive Director, Southeastern 
Secretary Wisconsin Regional Planning Commission 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John M. Bennett City Engineer, City of Franklin 
................................... Thomas D. Borgwardt Airport Engineer, General Mitchell Field 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ronald W. Kazmierczak .Assistant District Director, Southeast District, 
Wisconsin Department of Natural Resources 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Richard A. Keyes Environmental Engineer, Department of 
Public Works, Milwaukee County 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Charles G. Larnbert Secretary, Milwaukee County Conservation Alliance 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Edwin J. Laszewski, Jr.. .City Engineer, City of Milwaukee 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Patrick Marchese .Executive Director, Milwaukee 
Metropolitan Sewerage District 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Paul E. Milewski .Director of Community Development, 
City of Oak Creek 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  David F. Schulz. .Director, Department of Parks, Recreation 
and Culture, Milwaukee County 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  John D. St. John. Supervisor, Milwaukee County Board; 
Member, Milwaukee County 

Land Conservation Committee 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Douglas R. Sleight. Member, South Milwaukee Yacht Club 



Appendix B 

RESULTS OF FISH SURVEY IN THE OAK CREEK WATERSHED BY STATION: JUNE 1983 

Source: SEWRPC. 

S t a t ~ o n  
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 
13 
14 

Stream 

Oak Creek-Maw Stem 
Oak Creek-Ma~n Stem 

Oak Creek-Ma~n Stem 
Oak Creek-Ma~n Stem 
Oak Creek-Main Stem 

Oak Creek-Main Stem 
Oak Creek-Main Stem 
Oak Creek-Ma~n Stem 
Oak Creek-Main Stem 
M ~ t c h e l l  F ~ e l d  

Drainage D ~ t c h  
Mitchel l  F ~ e l d  

Dra~nage D ~ t c h  
Nor th  Branch o f  Oak Creek 
Nor th  Branch o f  Oak Creek 
Nor th  Branch o f  Oak Creek 

Total  

Total  
Population 

27 
13 

1 
13 
35 

235 
6 3  
11 
10  

18 

9 9  
112 

12 
4 

653 

Total  
Number 

o f  

Specles 

4 
1 
1 
1 
1 
4 
4 
1 
2 

2 

4 
3 
3 
2 

8 

Specles and Popu la t~on  

Intolerant 

Accord~ng  t o  T h e ~ r  Rs la t~ve  Tolerance t o  Organlc Pollution 

W h ~ t e  sucker 

(Catastomus 
commerson~) 

. . 

. . 

. . 

. . 

. . 
3 
4 
. . 

. . 

. . 

. . 

. . 

. . 

7 

Popu la t~on  

Number 

- - 

- -  
- -  

- -  

- -  

- - 

- - 

- -  

- - 

- - 

- - 

- - 

- - 

- - 

- - 

Percent 
o f  

Station 

Total  

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Very 

Fathead 
minnow 

(P~mephales -- 
promelas) - 

1 
. . 

. . 

. . 

. . 

. . 

2 
. . 

6 

14 

30 
30 

1 
3 

87 

G ~ z z a r d  shad 
(Dorosoma - 

cepedianum) -- 
24 
13 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

37 

Green 

sunf~sh 
(Lepornis - 
cyanellus) 

1 
. . 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 

Tolerant 

Central 

mudminnow 

( U m b r a l i m i )  -- 
. . 

. . 

. . 

. . 

. . 
134 

1 
. . 

. . 

. . 

3 
. . 

. . 

. . 

138 

Black crapp~e 

( P o m o x ~ s  
n~gromaculatus) 

1 
. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

1 

Creek chub 

(Semot~ lus  - 
atromaculatas) 

. . 

. . 

1 
13 
35 
26 
56  
. . 

. . 

. . 

5 
7 2 

2 
1 

21 1 

Tolerant 

Brook 

st~ckleback 
(Culaea - 

~nconstans) 

~. 
. . 

. . 

. . 

. . 

7 2 
. . 
11 
4 

4 

61 
10  
9 

. . 

17 1 

Number 
- 

26 
13 

1 
13  
35 
98  
56  
11 
4 

4 

66  
8 2  
11 

1 

421 

Population 

Percent 
o f  

Station 
Total  

9 6  
100 
100 
100 
100 
42 
89  

100 
40 

22 

67 
73 
9 2  
25 

64  

Popu la t~on  

Number 

1 
. . 

. . 

. . 

. . 

137 
7 

. . 
6 

14 

33 
30 

1 
3 

232 

Percent 
o f  

S t a t ~ o n  

Total 

4 
. . 
. . 

. . 

. . 

58 
11 
. . 

60 

78 

33 
27 

8 
75 

36 



Appendix C 

RAINFALL AND RUNOFF DATA FOR STORM WATER DRAINAGE AND FLOOD CONTROL FACILITY DESIGN 

Table C-1 

POINT RAINFALL INTENSITY-DURATION-FREQUENCY 
EQUATIONS FOR MILWAUKEE,  WISCONSIN^ 

60 Minutes or More 

a The equations are based on Milwaukee rainfall data for the 64-yearperiod 
of 1903 to 1966. These equaoons are applicabla, within an accuracy of 
+ 10percent. to the entire Southeastern Wisconsin Planning Region. 

; = Rainfall intensity in inches per hour 
i =Duration in minutes. 

Source: SEWRPC. 

Table C-2 
WEIGHTED RUNOFF COEFFICIENTS FOR USE IN THE RATIONAL FORMULA 

Source: SEWRPC. 

537 

Land Use 

Industrial. . . . . 

Commercial . . . 

High-Density 
Residential. . . . 

Medium-Density 
Residential. . . . 

Low-Density 
Residential. . . . 

Agriculture. . . . 

Open Space . . . 

Freeways and 
Expressways. . . 

Percent 
Impervious 

Area 

90 

95 

60 

30 

15 

5 

2 

70 

A 

Hydrologic 

B 

Soil Group 

C 

Slope 

0 - 2  

0.67 
0.85 

0.71 
0.88 

0.47 
0.58 

0.25 
0.33 

0.14 
0.22 

0.08 
0.14 

0.05 
0.1 1 

0.57 
0.70 

D 

(percent) 

6&Over 

0.69 
0.86 

0.72 
0.89 

0.52 
0.64 

0.35 
0.44 

0.26 
0.34 

0.21 
0.28 

0.19 
0.26 

0.61 
0.74 

(percent) 

6&Over 

0.69 
0.87 

0.72 
0.90 

0.54 
0.66 

0.38 
0.49 

0.31 
0.40 

0.26 
0.34 

0.24 
0.32 

0.63 
0.76 

Range 

2 - 6  

0.68 
0.85 

0.71 
0.89 

0.49 
0.60 

0.28 
0.37 

0.19 
0.26 

0.13 
0.18 

0.10 
0.16 

0.59 
0.71 

Slope 

0 - 2  

0.68 
0.85 

0.71 
0.89 

0.48 
0.59 

0.27 
0.35 

0.17 
0.24 

0.11 
0.16 

0.08 
0.14 

0.58 
0.71 

Slope 

0 - 2  

0.68 
0.86 

0.72 
0.89 

0.49 
0.60 

0.30 
0.38 

0.20 
0.28 

0.14 
0.20 

0.12 
0.18 

0.59 
0.72 

(percent) 

6&Over 

0.70 
0.88 

0.72 
0.90 

0.56 
0.69 

0.42 
0.54 

0.35 
0.46 

0.31 
0.41 

0.28 
0.39 

0.64 
0.78 

Slope 

0 - 2  

0.69 
0.86 

0.72 
0.89 

0.51 
0.62 

0.33 
0.41 

0.24 
0.31 

0.18 
0.24 

0.16 
0.22 

0.60 
0.73 

(percent) 

6&Over 

0.68 
0.86 

0.72 
0.89 

0.50 
0.61 

0.31 
0.40 

0.22 
0.29 

0.16 
0.22 

0.14 
0.20 

0.60 
0.72 

Range 

2 - 6  

0.68 
0.86 

0.72 
0.89 

0.50 
0.61 

0.30 
0.39 

0.21 
0.28 

0.15 
0.21 

0.13 
0.19 

0.60 
0.72 

Range 

2 - 6  

0.69 
0.86 

0.72 
0.89 

0.51 
0.62 

0.33 
0.42 

0.25 
0.32 

0.19 
0.25 

0.17 
0.23 

0.61 
0.73 

Range 

2 - 6  

0.69 
0.86 

0.72 
0.89 

0.53 
0.64 

0.36 
0.45 

0.28 
0.35 

9.23 
0.29 

0.21 
0.27 

0.62 
0.75 



Figure C-1 

POINT RAINFALL INTENSITY-DURATION.FREQUENCY CURVES FOR MILWAUKEE, WISCONSIN' 
(ARITHMETIC SCALES) 

a The curves are based on Milwaukee rainfall data for the 64yearperiod of 1903 to 1966. Theso curves are applicsble within an accuracy of 
t 1Opercent to the entire Southeasfern Wisconsin Planning Region. I 

Source: SEWRPC. 



Figure C-2 

POINT RAINFALL DEPTH-DURATION- 
FREQUENCY RELATIONSHIPS I N  THE REGION 

AND THE OAK CREEK WATERSHED 

RECURRENCE I N T E R V I L  IN YEARS 

Source: National Weather Service and SEWRPC. 

Figure C-3 

RAINFALL DEPTH-DURATION- 
AREA RELATIONSHIPS I N  THE REGION 

AND THE OAK CREEK WATERSHED 

AREA I N  SOUARE M I L E S  

Source: National Weather Service and SEWRPC. 



Figure C-4 

SEASONAL VARIATION OF RAINFALL EVENT DEPTH IN THE REGION AND THE OAK CREEK WATERSHED 

O N E  HOUR DURATION 

TWENTY-FOUR HOUR DURATION 

MONTH 

CURVE NUMSERS INDICITE THE PROBIBILITV IN PERCENT OF DLITAINtNO I I.tNF(LLL EVENT IN ANY 
TO A OlVEII RECURRENCE INTERVaL I S  SHOWN IN FleURE C-2 .  

Source: National Weather Service and SEWRPC. 

MONTH 
,T lCVLlR YEAR WITH A DEPTW S O U L  TO OR oREaTER T H I N  THE RIIINFaLL DEPTH CORRESWWDINB 



I 
1 Figure C-5 

COEFFICIENT OF RUNOFF CURVES FOR HYDROLOGIC SOIL GROUPS 

I HYDROLOGIC SOlL GROuP'h" HYDROLOGIC SOlL GROUP"B" 

100 

I 
PERCENT IMPERVIOUS PERCENT IMPERVIOUS 

HYDROLOGIC SOlL GROUP"C" 

100 

HYDROLOGIC SOlL GRoUP"D" 

100 

PERCENT IMPERVIOUS PERCENT IMPERVIOUS 

I Source: SEWRPC. 



Appendix D 

HYDROLOGIC-HYDRAULIC SUMMARY FOR STRUCTURES ON OAK CREEK AND SELECTED 
MAJOR TRIBUTARIES: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS 

Table D - I  

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER OAK CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS 

a~#a'ursd in mrlsl above mouth a t  t a l c  M,<hW" 

bStrucrure coder are as fallows I-bridge or culvert. ?-dam. rrll. or wrr Hydraubcally ~,pn,f~cccf rrrucrurer are denoted by an S, hvdraubcally ,nmln,hcant structures are ddddtcd by YY 1 

' A  bndw ha$ an admuare hydraul,~ cwacify rt rt well remain aocn dvnng a f/ood havrng a recurrence ,nrarval qua ,  to or lam than me recammcnd&der#n hmuency A bndgc is hydraubcally mnadcquatc 
rf the woroach rwd or bndv 3s O ~ R R D C &  by Y froad havrog a rwvrrence ~nrervai~oua~ m om 111s than the recommend& desrgn frwuency. 

dme flood rcagc mdlcared reorerenu the watw surface eleverton approrrmareiy 50 feet from bndw 

'ccrv o f ~ o u t h  ~(~waukee vert,ca, ~ s t u m  - ~ a o o o s i  Gkodeac verncal Datum - 58097 I-r C,W 01 oak cm* vertical ~ a r v m  =  ats son at ~cadarcc vcrtrca, oaturn - 58056 loo 

f~ackwaler a dehmdar ?he change in stage ,,om the upstream rlde of the h~draubc structure to the dowoslmm side 

Structure ldenr f~ca t~on and selected character~stccr 10.year ~ecurrencc lnrerval Flood 

Slruclure Recommended Instantaneour Uprtre m Downstream Depth 81 LOW Depth on Road 
TYW and Drslgn Adequate Peak ~ S r ~ g s ~ ' ~  Polnt ln 8rmdge at  Cenfsrllns 

R , W ~  H Y ~ ~ ~ U I I C  ~ rcquency  ~ydrau l l c  ~lschargs lfsel above [feel above ~ a c k w a t c r ~  ~pproaeh ~ o a d  of 6rldge 
Numkr  Name  lie' ~ ~ g ~ ~ l ~ c a n c e ~  fvearsl ~ ~ w ~ ~ t y ~  lctr l  NGVDl NGVDl (feet1 Ifcell lfeefl 

100 Pcdeslrldn 6rldgP 0 14 11 - -  1.140 
105 1st Oak Creek 

Parkway 8rldge 0 35 15 10 Yes 1,140 5 8 5 1  5850 0 5  
110 2nd Oak Creek 

Parkway Bridge 0 8 8  I S  10 Ycr 1.140 6003 5984 1 9  
115 Mill Road 0 9 4  I S  50 Yes 1.140 6024 6020 0 4  
120 OaK Creek Parkway Dam 0 95 I S  1.140 6164 602.4 14.0 
125 3rd Oak Creek 

Parkwsy Bridge 1 18 1S 10 Yes 1.140 618.4 616.4 0.0 
130 4th Oak Creek 

Parkway 6rtdpe 1 32 1s 10 Yes 1.140 6182 617.3 0 9  
135 Chicago AucnusISTH 32 1 6 1  I S  50 Yes 1.140 6241 6226 1 5  
140 5 ih  Oak Creek 

Parkwa~  Bndge 2 14 I S  10 Yes 1.140 631.5 631.0 0 5  
145 Pedsr<rlan Brldgc 2 24 11 1.140 
150 Chtcapo & North 

wesfern Rs#tway 2 35 IS 1 W Yer 1.140 6362 6355 0 7  
155 15th Avenue 2 6 4  15 50 Yes 1.090 6408 6403 0 5  
160 Pedsltrlan Brtdge 3 16 1.060 
165 Plnr Street 3.37 IS 10 ~ s r  1.090 6459 6454 0 5  

110& 
115 E RswMn and 

16th A V B ~ Y B I ~  3 65 I S  50 Yes 1.090 648 2 648 0 0 2 
180 15th Avenue 3 76 IS  50 Yes 1.090 6485 6484 0 1 
185 PedcrlrlanBrldge 3 8 9  11 - - 1,090 
190 ~ l lwaukse Avenue 4.01 IS 50 Yer 1.090 649.0 6489 0 1 
195 15th Aucnue 4 0 6  15 50 Yes 1 . 0 9  6491 6490 0 1  
200 Pedertrlan 8ridgc 4 18 11 1.090 
205 s ~ennsv~van,a ~ v e n ~ e ~  471 IS 50 ~a 1,090 652 3 6504 1 9  

g ~ h e  brtdger at E Ramon a d  1Srh A ~ n u c r  ware repiaced m fall 1985 wth a ~sngle rrructure. h a  new bndgc o ref!ecl& ~n the Itood $cages I!$,& m tR!r cable and on theproh!cs m ADmndrx G 

hThCre 8s d drop 0fab0ut 4 0 fee t ,n rhe slredmbsdaf fne downlfrasm lrde of rhe S Psonsylvsnre Arsoue budge 

Source SEWRPC 

Dsmh on R a m  
ar Csntarllna 

01 8rldpa 
(lee0 

Ins(antaw0~1 
Peak 

~r%charps 
lcfr l  

1,590 

1.590 

1.590 
1.590 
1.590 

1.590 

1.590 
1.590 

1.590 
1,590 

1.590 
1.560 
1.5M 
1.560 

1.560 
1.560 
1.560 
1.560 
1.560 
1.560 
1 . 5 ~  

Inltantanroul 
peak 

~lrcharge 
lefsl 

1.780 

!.760 

1,760 
1,780 
1.760 

1.780 

1.760 
1.180 

1.780 
1.780 

1.160 
1.780 
1.790 
1.780 

1.780 
1.780 
1.780 
1.760 
1.780 
1.760 
1.780 

lntcrval 

8ackwata: 
llaerl 

1.1 

1.7 
0 1  

13.7 

0.3 

1.6 
2 3 

0 6 

0 9 
1 0  

0.5 

0 4 
0.1 

0.2 
0 1 

1.3 

Upslr~am 
~ t a g e ~ "  

(feet above 
NGVDl 

586.8 

6M.9  
603 4 
617.2 

617 2 

619 4 
625 2 

632.5 

837 5 
642 0 

647 0 

649.4 
649.8 

6M.4  
660.6 

653 2 

~ l o o d  

Depth at LOW 
Polnl ln 8rldga 

Aooroach ~ o a d  
ifcall 

50-Ysar ~scvrrsncp 

Dounrtream 
Stagsd,' 

11e.l abou. 
NGVDI 

586.0 

599.2 
602.8 
603.4 

617.2 

618.0 
623.2 

632.0 

636.7 
641.2 

646.5 

649.1 
649 6 

650 2 
650.5 

651 8 

Uprtrsam 
staged.* 

l lcet  abouc 
NGVDl 

587.4 

801.1 
603.8 
617.5 

617 7 

6200 
625 7 

632 9 

638 0 
642.5 

6474 

6M.O 
650 3 

651 0 
651 2 

6533 
- 

F l o m  

Depth ar Low 
~ a l n t  en ~ r l d g e  

~pproach ~ o a d  
lfestl 

lntcrval 

~ ~ ~ t ~ ~ t s r ~  
I f e t l  

0.8 

1.7 
0.6 

1 3 8  

0.0 

1.4 
2.0 

0.5 

0 6 
0.6 

0.5 

0.3 
0.2 

0 2 
0.1 

1.4 

100.Year ~scvr ranr r  

Downstream 
~ t a g c ~ . ~  

1le.t abouc 
NGVDI 

586.3 

569.4 
603.1 
603.8 

617.4 

6164 
623 4 

632 3 

637 1 
641 5 

646.9 

649.6 
650 2 

650 6 
651 1 

652.4 

Depth on Road 
at  ~enterllnc 
~f srsdgc 

lleetl 



- -- - - - - - - - - - 
Table D-2 

HYDROLOGIC-HYDRAULIC SUMMARY-MIDDLE OAK CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS 

,o moesabove mourn ar ~ a k e  ~ , c h i g ~ ~  

b ~ f r u c t u r e  cadex are alloiiowr I-bndge or culveic 2-dam, s,!!, or we,, Hydraviicaliy rrgnihcmt trrrcfffff fff ddddddd bv Y Y  S, hYdrdd/ ,c~I Iy Y Y Y Y ' I ' I ' I ~ ~ C ~ ~ ~  ffffftur@s are dddoredby an I 

' A  bridge has an adeouate hydravirc ca~ac ! l y  i f  rf  wiii remsrn open durmg a l l o d  havrng a recurrence !nrerval equal co or /err Man the recommended desgn frequency. A brrdgdge rr hydraol!railv inadequam 
!f the approach road or bridge IS ouertopped bv a ,bod hanng a recurrence rntervai equal to or (err than the recommended desgn lrequcocv 

d ~ h e  fiood stage fndscared reorerents the w a n ,  surface eievarion aoorox,ms,e~y 5 0  leer from the bridge 

'city o l  Odk Creek Verricai Darunl = Narionai Geodeirc Verrrcal Darum 580.56 leer 

f~ackwacer a d e f i n e d  me chsoge ,n *rage from cheumtream ride o r ~ e  hvdradiii irrrcffm If rhe downrrream rrde 

Source SEWRPC 

Number 

210 

215 
220 

225 
230 
235 

240 
250 
255 

256 

Table D-3 

s t r~c tu re  

Name 

ChlC.go & North 
Weltern Railway 

E Dlexel Avenue 
ChlC.90 & North 

Weltern Ratlway 
E Forest Hlll Avenue 
E Puefz Road 
Chl~dgo & North 

Western Rstlway 
S Ntcholson Road 

s shepard~venue 
S Howell Avenue1 

Northbound STH 38 
S Howell Avenue/ 

Soulhbound STH 38 

lo-year ~ecurrence tnterval ~ i o o d  

b ~ t r u c t u r r  codes are as IoIIows I-bndge or cuiuert. 2-dam, III!. or weir. HyddddI~ca,!~ s~g9,~rcrnr sfffffffff fff denoted by an S, hvdrauiicaliy inugo,ficsni sfrucrsss ass denoted b y  YY I 

' A  b n d s  haas an adequate hvdrauia capaotv rf ~r w l  remarn open dunng a fiood having recurrence rorervai equal to or less fhan rhe recommended derrgn frwuencv A bndgdge rs hvdravlrcaiiy ~nadaquare 
'F the aPDrOdCh mad Or br,dge r s  0 ~ r t o p p P d  by Y fIood hhhhhg I I I I I I I I I I  ~nt t t t t t  eqeqeql to 01 !ess f h  rhc recommended deslgn frequency 

$  he floodsfage mndmared reprerenu the water surface elevaf,oo a ~ ~ r o x , m a f e l y  5 0  feet from ?he bridge 

'city 01 oat creek and cw of ~ r a o k i m  verc~ca! ~ a c u m r  = ~at ,aoa i  ~ e o d e t r c  vcrrieal ~ a t v m  - 5 8 0  5 6  leer 

lnrtantancovr 
Peak 

~8schsrpe 
I ch l  

850 
850 

650 
850 
850 

1.130 
1.130 
1.130 

1.130 

1,130 

HYDROLOGIC-HYDRAULIC SUMMARY-UPPER OAK CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS 

f ~ a c h w a r e r  ,8 defined ar rhe change in stage Srom the upstream ride o f  the hydraulrc structure ro rhe downscream rldr 

Source SEWRPC 

Idenl#f,rsfon and selected characteri~t~cr 

lnrlantaneour 
Peak 

Dischsrge 
I r f l l  

1.290 
1.290 

Rtver 
~ t l e '  

5 25 
5 56 

6 0 6  
6.25 
6 8 3  

7 34 
7 M 
8 41 

9.22 

9.24 

Uprtre m 
SrageB.' 

llesr above 
NGVDI 

659 6 
660 2 

6614 
6820 
662.8 

6642 
664 6 
669.6 

675.9 

6759 

loo-year ~ e c u r r e n c e  lnxervsl F I Q O ~  

Number 

2 W  
261 
265 

270 
275 
260 
285 
286 
290 
295 
300 
305 
310 
312 
315 
316 
317 
318 
320 
325 
330 
331 
332 
333 
335 
340 
345 

1.290 
, 2 9 0  
1.29C 

1.780 
1.780 
1.760 

1.780 

1.780 

50-year ~ e s v r r e n a  interval ~ l o o d  

lnltsntsnsovr 
Peak 

Dtrcharge 
lcfr l  

1,500 
1,500 

=Measured in mliesabove mouth at Lahe Mrrhrgan. 

5 l r u c f ~ r e  
TYW and 
Hydraul8c 

~ ~ g ~ ~ f ~ ~ ~ ~ ~ ~  

1s 
IS  

IS  
IS  
IS  

IS  
I S  
1s 

I S  

I S  

Downsfream 

Ifect above 
NGVDI 

659 4 
660.1 

6614 
661 1 
682 7 

6640 
664 6 
669.3 

675 7 

6759 

upstream 
staged' 

lfeet above 
NGVDI 

661 0 
661.6 

Strvcture ldsnl#ftcallon 

Name 

W Ryan RoadiSTH 100 
Sp8llway 
Chlraga. Mllwauker. 
St Paul & Paclflc 
Railroad 

Prmvale 8rldge 
Prlvale Bridge 

PrlvaTe Brldgo 
S 13th SlreetlCTH V 
Pederfrlan Brldgl 
IH 94 Norfhbound 
IH 94Sovfhbound 
S 20th Strest 
S 27th SireelISTH 41 
S. 31st S1reel 
Prlvate Bridge 

W Ryan RoadiSTH 100 
concrete D r o ~  S~II 
conorere o r o p s ~ i l  
Concrete DropS8lI 
w.southland ~ r l v e  
w woodward ~ r l v e  
W Glenwwd Drive 
Private D i w  
Prtvate Drive 
W Maple Crerf Dr lw  
Rerervolr Outlet 
Prsvafe Bridle 
W Puefr Road 

l n r t a n f a n e ~ ~ s  
peak 

Dmharge 
lclsl 

400 
4 W  

662 7 
6 3  
663.8 

665 0 
668 3 
670.9 

677 0 

677 0 

uprtrsam 

lfest sbove 
NGVDl 

661 5 
662 3 

Remmmendsd 
Dslign 

Frequency 

(years1 

1 W 
50 

100 
10 
50 

1 W 
50 
10 

50 

50 

~own%trssm 

lfeet above 
NGVDI 

660.7 
661 5 

River 

~ l l e '  

1006 
10 12 

10 24 
10 25 
1046 
10 W 
10 69 
10 72 
1 0 9 1  
1099 
11 24 
11 70 
11 9 1  
12 23 
12 52 
12 w 
12.90 
13 07 
13.18 
13 31 
13 58 
1360 
1362 
13.64 
13 65 
13 76 
13 79 

-- 
Upstream 

(feet above 
NGVDl 

679 1 
679 1 

50-Year Recurrence Interval Flood 

Adsouale 
Hydrau18c 
CapacltyC 

Yes 
Yes 

Yes 
No 

Yes 

Ye8 

No 
No 

Ye% 

Yes 

Depth on ~ o a d  
at Centerllne 

o f  Bridge 

lfeeti 
8ackwaterf 

Ifeerl 

0 2 
0.1 

0 0  
0.3 
0 1 

0 2 
0 2 
0 3 

0 2 

0 0  

662.5 
6829 
663 5 

664 7 
665.5 
670 3 

6168 

6110 

Downrlream 

[feet rbove 
NGVDl 

661 2 
662 0 

4 W  
400 
400 
400 
400 
400 
310 
310 
310 
220 
160 
160 
160 
1 W  
160 
1~ 
1 W 
50 
10 
10 
10 
10 
10 
20 
20 

Instantaneous 
peak 

Dirharge 
lcfsl 

790 
790 

lnrtantaneour 
Peak 

Dlwharge 
lcfr l  

1.030 
1.030 

Deoth at LOW 

Polnf # n  Br~dge 
Approach Road 

Ifeetl 

0 3 

8ackwaterf 
lfeefi 

0.3 
0 1 

and Selected 

Structure 
~ Y p e  and 
Hydraultc 

~ g n f ~ c a n c e ~  

I S  
2s 

1s 
15 
I S  
11 
I S  
11 

I S  
I S  
I S  
1s 
1s 
1s 
1s 
zs 
2s 
2S 
1s 
IS 
i S  
I S  
I S  
I S  
1S 
1s 
1s 

10 Year Recurrence 

Downstream 

Ifeel above 
NGVDI 

6790 
679 1 

1.030 
1.030 
1.030 
1,030 
1.030 
1.030 

790 
790 
790 
570 
410 
410 
410 
410 
410 
210 
210 
110 
40 
40 
40 
40 
40 
50 
W 

0 3 

0 3 
0 8  
0 6 

0 2  

0 0  

~ ~ ~ k w ~ t e r f  
l lesl l  

0 3 
0 3 

6822 
683.6 
686.3 

688.2 

6886 
6666 
6893 
693 4 
697 0 
702 4 
7113 
7135 
7185 
7236 
731 7 
7336 
743 4 
745 0 
745 7 

146.0 
747 3 
7486 
1 5 0 9  

Uprlream 

lfeet above 
NGVDI 

681.0 
681.0 

uprtrsam 

lfeet sbove 
NGYDI 

682 0 
662 0 

I I ::: i. %: !j ;; ;! 
1.500 664.3 6639 

2.060 865 5 665 0 
2.080 666 7 666.0 0 7 1 5  

0.3 2.080 671 2 6706 0.6 0 6  

2.080 677 6 677 2 0 4 

2.080 6776 6776 0 0  

Oeplh at Low 
Pol"? in Bild98 

Approach Road 
lfeetl 

Characferls?<c~ 

Recommended 
Design 

Frequency 
IyDarri 

50 

100 

50 

100 
100 

10 
50 
10 

50 

10 
10 
10 

10 

50 

lntsrval 

8ackwaterf 
lfsetl 

0 1 
0.0 

682.3 
684 8 
690.4 

691 7 

691 9 
691 9 
6928 
695.1 
699 2 
704.2 
1 1 5 4  
1 
7208 
725 6 
733 0 
734.6 
7448 
745.8 
746 5 
746.8 
747 9 
748 6 
752 6 

Depth on Road 
st Centerllne 

of Brmdge 
lleefl 

DeDlh at LOW 
Point ~n Bridge 
~ p o ~ o ~ c h  m a d  

(feat1 

Adequate 
Hydraulsc 
CsoacityC 

No 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 
Yer 

Yes 

Yes 
Yer 
Yes 

Ye% 

No 

6792 
6822 
685.4 

668.0 

688.5 
6886 
6888 
693.0 
697 0 
702.0 
7091 
7135 
7185 
723.6 
7306 
733 6 
741 8 
743.4 
745 0 
745.7 
7460 
747 3 
748 8 

Downstream 

lfcet above 
NGVDl 

6803 
681 0 

100 Year Recurrence 

~ownr l ream 
staged,e 

(feet above 
NGVDI 

6609 
6620 

Depth on Road 
st Centerline 

of 8rldgc 
Ifeetl 

Flood 

682 0 
682 3 
687 0 

6907 

691 9 
691 9 
6920 
6942 
698.4 
702 7 
710.3 
715.6 
720.6 
725.6 
731.2 
7342 
742.1 
744.8 
745 8 
746 5 
7468 
747.9 
749.0 

3 0  
1 4 
0 9 

0 2 

0 1  
0 0  
0 5  
0 4 
0 0  
0.4 
2 2  
0.0 
0.0 
0 0  
1 1  
0 2  
1 6  
1 6  
0 7 
0 3 
1 3 
1 3 
2 1 

Depth at Low 
~ o t n t  ln Bridge 

Approach Road 
lfeetl 

0 5 

8ackwaterf 
lfeeti 

0.7 
0 0  

Interval 

lfeerl 

1.1 
0.0 

Deoth on Road 
a t  centerllne 

of Bridge 

(feeti 

0.3 
2.5 
3 4 

1 0  

0 0  
0 0  
0 8  
0 9  
0 8  
1 5  
5.1 
0 1  
0.2 
0.0 
1.8 
0 4 
2 7 
1 0  
0.7 
0 3 
1 1 
0 7 
3.6 

1 8  

Depth a t  LOW 

Pomt tn 8rldgc 
A ~ ~ r o a c h  Road 

lfeetl 

2 4 

Flood 

DILth a, Low 
~ o l n r  ln Brldge 
!+poroach ~ o a d  

(feet! 

3 4  

Deoth on Road 
a t  centerl~ne 

of 8rldge 
(feet1 

Depth on Road 
a t  centerl~nc 

of ~ ~ , d g c  
(feet1 

3 0  
0.6 

0.8 

0.2 

0.2 
0 3  
0.4 

0.1 

2 6  

0.3 

0 3  
0 3  

0.1 
L 

3 0  

0.8 

0 2 

0 2 
0.3 
0.4 

0.1 

2.6 

0 3 

0 3 
0.3 

0.1 





Table D-5 

HYDROLOGIC-HYDRAULIC SUMMARY-NORTH BRANCH OAK CREEK: EXISTING LAND USE AND EXISTING CHANNEL CONDITIONS 

d~ear"red m rn,,er above conNveore wrfh Oat Crw* 

b~t ruL tu re  coder are as lollawr I-brrdgr or culuert 2-darn, srI!, or w e , ,  HydrauQcally r,gn!fiiiii ~II I I I I I I I  are denoted bv vv S, hvdrdu1111I!y ~ ~ ~ ~ g n ! f f f f f f  ffffcturer ere dddoced bv  an I 

' A  brrdge has an adequate hvdrauilc ~aodc,rv 11 i t  w,li remain men dunng e lk7oO havmg a recurrence lnfervai equal m or less fhsn the recommended dengn lrwvsncy A hrldge rr hydraulrcany ~nadequate 
$1 the dooroech road or brrdge is overfopped by a N o d  ha","# a recvrreocr interva, wva, to or ,err than rhe recommended derlpn ,,equeocy. 

d ~ , r e  ~ i m d  stage indrcared reoresent. r,ze water ~ v r ~ a c e  etevanon approxmawv SO rear ,ram me 

Number 

400 

402 
403 
405 
407 
410 
415 
420 

425 
430 
435 

436 
431 
438 
439 
440 
441 

442 
443 
444 

445 

450 
455 
460 

462 

'c i r~ of  Mriwau*ee vrrrrcsi ~ a f u i r ,  = Nsr#o!,al Geoderlc verncai Datum 580 60 c n y  or oak creek vertlcat ~ a r u m  - ~ar ,ooa ,  ~ e a d e t , ~  vertrcal narum - 580 56 leer 

18edwafer rs delloed sr the change lo stage from the u~r t ream rrde of the hvdrsultc srrucrure co the dowosneam ride 

grhere ,s a drop of about 4 0 ff t 8" ,he rfreambedar the downsffffm ffdd of <he Chlcagu. Mllwauhee. S t  Pa* & Pacrl,c Ralkoad brldgc 

hThe flood $rage lndlcatcd reprerentl the ware, surlace elevawon due to the backwafer from the Chrrago, Milwaukee. Sr Paul & Paclhc Rarlroed br,dge al Rwer Mlle 4.75 

Source SEWRPC 

Sfructure 

Name 

Chmcrgo. Milwaukee. 
St Pa", & Pacflc 
~aslroad'l 

Prmvale Brtdge 
Prlvsle Bridge 

W Puetz Ror3 
Private Bridge 

W W8ldwood Dr8ve 
w ~ r e x e l    venue 
Chicago. M#lwaukee. 

St P a "  L Pac, f ,c  
Ra#lroad 

S 6th Scree, 
W Marquetre Avenue 
W Rawson m e n u e l  

CTH 86 
S 6th Street 
Splilway 

S ~ l l l w a ~  
Prlvafe Bridge 

Prlvafe Bridge 

Pi#vafe Bridge 

Prwafe Bridge 

Pr,"ale Bridge 
Chicago. Milwaukee. 

St P a "  & Paclfc 
Railroad 

W coiieye Avenue1 
CTH zz 

Private Bridge 
S 13th Street 
W Ramrey Avenue 

and IH  94 80" 
Culvert 

IH 94Exmt Rsmp 

lnrranlaneous 
Peak 

DNrcharge 
Icfrl 

710 
110 
110 
650 
650 
5 W  
5 w  

430 
430 
260 

260 
260 
260 
260 
100 
100 
100 
100 
103 

60 

125 
170 
170 

240 
240 

ldeni,f#caf,on 

R8-r 
~ l l e ~  

0 10 
0 2 1  
0 3 4  
0 9 2  
1 7 1  

2 00 
2 21 

225 
2 41 
3 0 4  

3 5 1  
3 8 6  
3 9 0  
4 20 
4 35 
4 5 9  
4 6 2  
4 6 1  
4 74 

4 75 

4 9 1  
4 9 4  
5 2 1  

5 6 5  
5 85 

Upstream 

lfesl above 
NGVDl  

683 8 
6868 

694.3 
702 8 
703 6 
103 9 

706 4 
707 0 
7124 

7129 
7152 
7161 
723.4 
725 3 
7295 
7298 
730.4 
730 5 

731 0 

731 oh 
731 oh 
731 6 

7352 
7390 

lnrtantansovr 
Peak 

Dlicharge 

lofri 

1,400 
1.400 
1.400 
1,190 
1,190 

800 
800 

750 
750 
430 

430 
430 
430 
430 
140 
140 
140 
140 
140 

140 

235 
330 
330 

360 
360 

ln$tanlaneour 
Peak 

Dtrcharge 
lcfrl 

1.670 
1.670 
1.670 
1.450 
1.450 

930 
930 

880 
880 
520 

520 
s m  
520 
520 
160 
160 
160 
150 
160 

150 

ZM) 

370 
370 

400 
4 W  

and selected 

Structure 
T v ~ e a n d  
Hydraulic 

slsnlftcanceh 

i S  
I S  
11 

1s 
1s 
1s 
1s 

IS  
IS  
IS  

IS  
I S  

2s 
2s 
1s 
13 
1s 
1s 
IS  

I S  

1s 
1s 
1s 

1s 
1s 

Upstream 

staged> 
l fmt  sbove 

NGVDl  

685 9 
687.4 

6968 
7040 
7049 
705 5 

709 5 
709.4 
713.6 

714.1 
716.3 
716.8 
724.1 
725 4 
730 1 
7305 
7310 
731.1 

7326 

732 6h 
~ 3 2 . 6 ~  
733.0 

736.5 
7 4 0 4  

D ~ p f h  on R ~ a d  
at cenrer~lne 

of Bridge 
lfeetl 

0 2 

1 7  

0 4 

10 Year ~ecurrence 

Downrrream 

ifpet above 
NGVOl 

681 2 
685 1 

694 0 
702 7 
7036 
703 7 

703 9 
7064 
1121 

7129 
7148 
7152 
7233 
7242 
7268 
7295 
730.0 
730 4 

730 5 

131 oh 
731 oh 
731 oh 

734 1 

736 7 

charaster,~t~c. 

Recommended 
Design 

Frequency 
1~ear.l 

100 

50 

10 
a0 

100 
10 
10 

50 
10 

1 W 

50 

50 

100 

50-year ~scurrenrr 

Oownrrresm 

staged.' 
lfeet above 

NGVDl 

683.1 
686.9 

6956 
1 0 3 9  
7048 
7050 

705.4 
7086 
713.4 

7140 
715.9 
716.3 
724 0 
724.7 
7293 
7301 
7306 
731 1 

731 1 

732 6' 
732.6h 
732 6h 

134.9 
737 3 

Uprfrsam 
staged.' 

lfeet above 
NGVDl  

688.6 
687.9 

698.0 
704.4 
705 3 
706.1 

709 3 
709.9 
714.0 

714.6 
7168 
717.0 
7244 
725.5 
7304 
730.8 
731 4 
731.4 

733.2 

733 zh 
7 3 3 . ~ ~  
733.3 

736 9 
740.8 

~dequate  
Hydraul~c 
capacltyc 

Y ec 

Yes 

Yes 
Yes 

Yes 
Yes 
No 

Yes 
Yer 

Yes 

Yer 

Y er 

Y e i  

interval 

~ackwaterf  
lfeerl 

2 6  
1 7 

0 3 
0 l 
0 0  
0 2 

2 5  
0 6  
0 3  

0 0  
0 4  
0 9  
0 1 
1 1 
0 7 
0 3 
0 4 
0.1 

0 5 

0 0  
0 0  
0 6  

1 1  
2 3 

100-year ~ecurrence 

Downstream 

lfeet above 
NGVDl  

683.6 
687 7 

696.1 
704.4 
705 3 
105.4 

706.0 
7094 
713.8 

7144 
7163 
7168 
724 3 
725.0 
7294 
7304 
7309 
731 4 

731 4 

733.2h 
7 3 3 . ~ ~  
~ 3 3 . 2 ~  

735 1 
737 6 

lntsrval 

Backwaterf 
lfcerl 

3 2 
0.2 

1.9 
0 0 
0.0 
0.7 

3.3 
0 5  
0 2  

0 2  
0 5  
0 2  
0 1 
0 5  
1 0  
0.4 
0 5  
0 0  

1.8 

0.0 
0 0  
0 1 

1 8  
3 2  

~ l o o d  

Depth st Low 
~ o t n t  ,n  ridge 
Approach Road 

(fee11 

2 0 

1 7  

0 4 

0 4  

interval 

~sckwaterf 
lleetl 

2 8  
0 5 

1 2  
0 1 
0 1 
0 5 

3 1 

0.8 
0.2 

0.1 
0 4  
0 5  
0 1 

0.7 
0.8 
0 4  
0 4  
0.0 

1 5  

0.0 
0 0 
0 4 

1 6 
3.1 

~ l o o d  

Depth at Lon. 
Potnf tn Bridge 
Approach ~ o a d  

lfeetl 

3 1 

0 2  
3.2 
1 I 

1 4  
2 0  

0 6  

0 1 

~100 .3  

0 ~ 0 t h  at LOW 
Polnt ln Brldge 

Approach Road 
lfeetl 

2.6 

2 9  
1 3  

0 9  
1.6 

0.5 

Deplh on Road 
at Ccnterllne 

of ~.,dgc 
lfeerl 

1 3  

0 1 
3 2 
1 7  

1 3  
2 0  

Depth on Road 

af Centerltne 
of Brtdge 

lfsetl 

0.8 

2 9 
1 3  

0.8 
1.6 
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Appendix E 

HYDROLOGIC-HYDRAULIC SUMMARY FOR STRUCTURES ON OAK CREEK AND SELECTED 
MAJOR TRIBUTARIES: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

Table E- I  

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER OAK CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

a~a3svred  m mrler above mouth at Lake Mtchlgan 

b~truclum mdes are ar foIIows 1-brsdge or c u l r e r ~  2-dam, sill, ii i i i  Hydraultcally s~gnr f~ ta t f  f r rc f f re f  fff d d n d f e d  an S, hydraufrralfv ,nrrgo,hsaor strvcrvfeefe are ddddred by YY I 

' A  bridge has an adequate hyddadt~c capdpdpdty ~f i t  wtII rema~n open during a ffood hahhhg a BCBBBBBCB c~nrerreI1(1(1(11 re or IIII than rhe rerommsnded dsrn~h ~"I"I"I"I"IY. A brodge ges h~dddd111aII~ YYY~N~N~N~N~N~ 
11 the approach mad or bridge 9e9e overtopped by Y ~I IM nnnnng a recurrenca ~nrrrraf eouaf to O,IIU rhan rhs rscommendd dertgn ~"I"I"I"ICY 

flood sfage mndrcated represents the water rurfacc shvation apprax,mafely 50 fesr from the br&e 

e ~ , t y  of Sourh Mllwsvkee Vrtrcal Datum = Nanonal Geadenc Verricsi Datum - 58097 feet City of Oak Creek Vertical Datum = Nat,ood Geadltlc Verfrcal Dnturn 580 56 feet 

fasckwater (5 deftfledas rhc change in stag, fmm the upstream rtdc of Me hydrauf,~ structure to the dowortream ride 

g ~ h e  brldger af E. Rawson and 76th Avenues were repfafed ,n fall 1985 wirh a r(ngfe rtrucfure Tha new brldge is rei/eoted ,In the flood r t w r  lated m thrr table andon t h e ~ m h f e r  m ADPendlr G. 

h ~ h s r e  ts a drop ofsbovr 4.0 feet in the sereambedat the downstream ride of the S. ~ennry,van,a  venue bridge 

Source SEWRPC 

Parkway Bridge 0 88 15 10 Yes 1,910 2.540 6029  6004  2 5  
115 Mtll Road 0.94 IS 50 Yes 1.910 2.540 605 3 603.9 1 4 
120 Oak Creek Parkway Dam 0.95 2 s  2.540 818 3 505 3 13.0 
125 3rd Oak Creek 

Parkway Bridge 1 18 1s 10 Yes 1.910 2.540 6189  618 3 0.6 
130 47h Oak Creek 

Parkway Brldge 1 32 I S  10 Yes 1.910 2.540 622.0 619 3 2 1 

135 C~#csgoAmanv/STH 32 1 6 1  I S  50 Yes 1,890 2.510 627 5 824.5 3.0 
140 5th Oak Creek 

Parkway Brldge 2.14 I S  2,510 634.2 633.5 0.7 
145 Psdertrlan Brldge 2.24 11 
150 Chicago & North 

Western Rallwav 2 35 15 l o o  Yer 1.890 
155 15th Avenue 2.84 15 50  Yes 1.840 
160 PsderfrlanBridae 3.18 11 .. 1,840 
185 ~ ( n e  Strew 3.37 15 10 ~ s r  1.840 

l 7 0 &  
175 E Rawson and 

16th ~ v e n u e r ~  3.85 15 50 Yes 1.840 
180 15th Avenue 3.76 15 50 Ysr 1.840 1 0  

185 Pedertrlan Bridge 3.89 11 - .  1.840 2.440 
190 MllwaukeeAvenue 4.01 15 0 3 

195 15th Avenue 4 0 6  15 1 .o 

200 Pederfrlan Bridge 4 18 1 I 
205 S ~ennrylvsn#s ~ v s n u c  4 71 15 

100Year Recurrence Interval Flood LO-~esr  ~ecuirence ~nterval  ~ l o o d  Sxrucfure ldanltf~cat#on and selecrcd Charactcr,nfcr 

lnstantaneovr 
Peak 

Dlrcharge 
[cfr l  

2.810 

2.810 

l o - ~ e a .  ~eeurrence interval ~ i o o d  

~ e ~ t h  on ~ o a d  
a t  Centerllne 

of Bridge 

l feel i  
8ackwalerf 

I f ~ l l  

1 9 

~ u r n b e i  

100 
105 

110 

Upstream 

lfcer above 
NGVDl 

589 9 

D B L X ~  on ~ o a d  
at centerllne 

of Brldge 
i ~ e e x ~  

~nrtantaneour 
~ s a k  

Dlrcharge 
l r fs l  

2.540 

2.540 

~ecommendsd 
Derlgo 

Frequency 

( ~ e a r r l  

10 

Downstream 
~ t a g c ~ ' ~  

lfeer above 
NGVOl 

588 0 

Depth af  Low 
Point ln  Brldge 
A~oraach  Road 

Ifearl 

u ~ r ~ r e a m  
stage'e 

[feet abovs 
NGVDI 

589 3 

Name 

Pedertrlan Bridge 
1st Oak Creek 
Parkway Bridge 

2nd Oak Cree* 

AbPquaf~ 
Hydraulic 

capacltyc 

Yes 

~nstsntane~us 
Peek 

Dlrcharge 
icfsi  

1.910 

1,910 

~ e p t h  at i o w  
Point ln Brtdge 

Approach Road 
l feet i  

Depth on Road 
at  Cent0ri8ne 

of BrldW 
Ifsel l  

Down3tream 
stag$+ 

lfset abow 
NGVDI 

587 6 

~ownr t ream 
%aged,' 

(feel 
NGVDl 

586.6 

upstream 

lieet aMVe 
NGVDI 

587 7 

~ ~ ~ k ~ ~ t ~ >  
lfeefl 

1 7  

Rl-r 
M ~ I ~ ~  

0 14 

0.35 

~ ~ ~ k ~ ~ ~ ~ >  
i ~ s s r l  

1 1 

structure 
Type and 
Hydraulic 

slgnlflcsnceb 

11 

15 

DBLT~ at LOW 

~ o s n t  ~n ~ r l d g e  
Approach Road 

ifeel] 



- -- - - - - - -- - -. - - - 
Table E-2 

HYDROLOGIC-HYDRAULIC SUMMARY-MIDDLE OAK CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

' ~ e ~ ~ ~ r e d  ,n mrler above mourh ar Lake Mlohraan. 

b~tructure codes #re as foIlows r-brrdge or culvert 2-dam, rrII, II I,, H v d ~ a u l I ~ / l v r r ~ r f r , m t  tffffffff fff demofed b y  an S hvdraulea/lv ,nr ign, i t t t t I~t~u~I~~e~ ~ e d d n d r e d  by an I 

' A  budge has an adequate hydraulic capacrry ,, ,t wll l  remam open during a l lood hanng a rscurreore Jnlerval equal to or ten than the rerommendedderlgn /rmu#ocl A brldga rr hvdraultcal!v madmuare 
r f  the aDProach road or brjdge PS overtopped bv  a flood havmg e recurrence rnrerval egual to or lsrr ?hen the recommended descgo frmuency 

tload ,od,cated reprerents rhe ware,  ace etewoun aooroximace~v s o  leer from me br,dge 

' ~ l l y  of  Oak Creek Vertical Dafum Nafronal Geodeac Verhcal Datum - 580 56 reet 

f ~ c h w a f e r  rs defrnedar rhe change m stage from the uorrream side 01 the hydraulre rrrvcrure to ,he downrmam rrde 

Sovrcc SEWRPC 

Structure 

Table E-3 

HYDROLOGIC-HYDRAULIC SUMMARY-UPPER OAK CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

Number 

210 

215 
220 

225 
230 
235 

240 
250 
255 

256 

ldentiflcatlon and Selected Characterlstlcl 10-Year Recurrence Interval Flood 

Name 

Ch,cagod North 
Wsrtcrn Rallwsy 

E. Drexel Avenue 
Chicago & Norfh 
Western Ratlway 

E Forest Hlll Avenue 
E. Puetz Road 
Chrca~o 5 Norrh 
Western Ratlway 

S Nlcholron Road 
S Sheoard Avenue 
S H o w l ,  Aveoucl 

Norlhbound STH 36 
S. Howell Awenus1 

Southbound STH 38 

River 
Mllea 

5 25 
5.56 

6 06 
6 25 
6.66 

7.34 
7.44 
8 41 

9 22 

9 24 

lnltantaneous 
peak 

Dmsoharge 
lsfr l  

1.500 
1.500 

1.500 
1.500 
1.500 

2.080 
2.080 
2,080 

2.090 

2.080 

=m~e~eured ,. m,,@*abored redth at '#ha* M~chnnn. 

b~f ruc fum mder are as  follow^ I-bridge or culvsrc 2-dam, siIi, or I,, Hydraulrcally rrgn,f i i i i t  s t t t t t t t t t  ate ddddfsd by  YY S, hyddadIiiiIIy ~ Y ~ i g n ~ f f f f f f  frrrctures s f  ddddred b y  an f 

Instantaneous 
peak 

Dlwharge 
1cl4 

2.030 
2.030 

2.030 
2.030 
2,030 

2.870 
2.870 
2,870 

2.870 

2.870 

' A  bndge has an adwuefe hydraulle cspscrly rf ,I w0, remarn open durlng # flood h#vmg s recurrence r o h r n l  Mva l  fo or less than the recommended dersgn frequency A brldgc ,s hYdravl8csliy roadsquah 
rf rheaPoroach road or brrdge IS overlopped by  a flood having a recurrence roterval muat ro or less than the recommended der,gn ireqvcocv 

structure 
T Y ~  and 
Hydraui8c 

~ i g n ~ f ~ o a n c e ~  

I S  
1S 

1s 
IS  
I S  

IS  
1s 
1s 

I S  

I S  

Uprtrs m 
s ~ ~ ~ ' , ~  

Ifeet above 
NGVDl 

6614 
6821 

663 3 
663.5 
684.3 

6855 
6667 
671 0 

677 6 

677 6 

lnsfanfsneour 
peak 

Dlrcharpe 
lcfr l  

2.210 
2.270 

2.270 
2,270 
2.270 

3.220 
3.220 
3.220 

3.220 

3.220 

NumMr 

264 
261 
265 

270 
275 
280 
285 
286 
290 
295 
300 
305 
310 
312 
315 
316 
317 
318 
320 
325 
330 
331 
332 
333 
335 
340 
345 

d ~ h e  r~oodsrage rndrcsrsd rwrerentr the water rur~ofacc etevanon approxmsre~y so  feet from the brrdge. 

e ~ c f v  of Oak Creek and Ctty of Frsnkirn Verrccal Datums = Narlonal Geodectc Verrrcal Dafum - 580 56 feet. 

50 Year Recurrence Interval Flood 

f ~ 8 c h w n r  ,s deiroed as the change in stage from me upstream srde of fhe hydrau,,c rrrurcure to the doworrream =de 

Source SEWRPC 

Recommended 
~es ign  

Frequency 

lyesrrl 

100 
50 

100 
10 
50 

100 
50 
10 

50 

50 

Downstream 
staged.e 

[leer above 
NGVDl 

661 1 
662.0 

663.0 
663.4 
663.9 

6650 
668.0 
670.4 

677 2 

677 6 

Upstreom 

l f e t  above 
NGVDl 

662 5 
663.6 

6M 6 
664.8 
6556 

866.6 
667.6 
671 6 

678.5 

678 7 

IOO-Yew Recurrence lnlcrval Flood 

Sfruclvre ldenf~ficatton 

Name 

W Ryan RoadISTH 100 
Sp# l lwa~ 
Ch#capo.M#lwaukee. 

S t  Paul & Paclflc 
Rallrosd 

Prlvare Bridge 

Prwate Brldga 
Private 6rldge 
S. 13th StreetlCTH V 
Pedertrlan Brldge 
IH 94 Northbound 
IH 94Sovthbovnd 
S. 20th Street 
S 27th StrectISTH 41 
S. 3 l r t  Street 
Privale Brldge 
W. Ryan RoadiSTH 100 
Concrete DropSlll 
concrete D r o ~  S<11 
concrcfa Drom Slll 
W.Southland Drive 
W Woodward Drlve 
W Glenwood Drive 
Prlvafe Orlve 
Prwate Drive 
w ~ a p l s  crest Drive 
RerervolrOurler 
~ r l v a f e  B r l d ~ e  
w Puetz Road 

lnrfantaneau8 
peak 

DLreharge 
lc fd  

1.030 
1.030 

1,030 
1.030 
1.030 
1,030 
1.030 
1.030 

690 
690 
890 
4 W  
2 W  
200 
200 
200 
200 
100 
100 
M 
10 
10 
10 
10 
10 
20 
20 

+Wwluate 
Hydraulm 
c ~ P ~ ~ ~ ~ ~ ~  

Yes 
Yes 

Yer 
No 
No 

Yes 
No 
No 

Yer 

Yes 

Upstream 
staged.' 

lfeet above 
NGVDL 

662 9 
864 1 

8ackwalerf 
Ifeeyi 

0.3 
0 1  

0.3 
0.1 
0 4 

0 5  
0 7  
0 6 

0 4  

0.0 

~ o ~ n ~ t r e a m  
~ x ~ ~ e ~ , ~  

Ifeef above 
NGVDI 

682 1 
863 0 

664 2 
664.8 
6650 

665.8 
667 0 
670 9 

677 8 

6785 

Rl-r 
Mllea 

10.08 
10.12 

10.24 
10.25 
10.46 
10.60 
10.69 
10 72 
1097 
1099 
11 24 
11 70 
11 97 
12 23 
12.52 
12.69 
12.90 
13.07 
13 18 
13 31 
13 58 
13.60 
13.62 
13 64 
13.65 
13.76 
13.79 

Upstream 

lfesi above 
NGVDl 

682.0 
682.0 

682.1 
684.8 
6902 

691 5 

691 7 
691 8 
6927 
6945 
697.8 
702.8 
711.9 
113.8 
7190 
724 0 
731 7 
7338 
743.4 
7450 
745 7 
746.0 
747.3 
748 6 
7509 

lostantaneour 
pear 

Djrcharge 
lcfr l  

1.620 
1.620 

1.620 
1.620 
1.620 
1,620 
1.620 
1.620 
1.140 
1.140 
1.140 

700 
390 
390 
390 
390 
390 
170 
170 
90 
30 
30 
30 
30 
30 
50 
50 

I: : : :: I 
666 2 666.0 

667 2 6664 0.8 
666 0 667.6 0.4 
671 8 671.1 0 7 

678.9 678 2 0 7 0 2 

679 2 678 9 0 3 0 5  

Downrxraam 
staged,= 

(feet above 
NGVDl 

662.4 
663.4 

lnstantaneour 
pea* 

mrcharge 
lcfr l  

1.830 
1.830 

1.830 
1.830 
1.830 
1.830 
1.830 
1.830 
1.330 
1.330 
1.330 

840 
490 
490 
490 
490 
490 
210 
210 
210 
40 
40 
40 
40 
40 
60 
64 

Demh at  Low 
~ o m t  ~n ~ r ~ a a e  
Approach Road 

ifeel1 

1 8  

1 5  
0 4  

~ackwsre? 
l f ~ e l l  

0 4 
0.6 

0 4 
0 0 
0 6  

0.8 
0 6 
0 7 

0 6 

0 2  

and Selected 

Structure 
~ y p e a n a  
H Y ~ ~ ~ Y I I C  

~ l g n l f t c a m s ~  

1S 
2s 

1s 
I S  
I S  
11 
I S  
11 
1s 
1S 
1s 
I S  
1s 
1s 
I S  
2s 
2s 
2s 
I S  
1s 
I S  
1s 
1s 
1s 
1s 
I S  
I S  

10-Year Recurrence 

Downrtream 
staged" 

[feet above 
NGVDl 

680.9 
682 0 

682 1 
682.1 
667.2 

890.5 

691 7 
691.7 
691.8 
694.0 
6978 
702 2 
708.4 
713.8 
719.0 
724.0 
730.6 
733.8 
741.8 
743.4 
745.0 
745.7 
746.0 
747.3 
748.8 

Upstream 
staged,' 

lfeef abave 
NGVDL 

684 5 
684 5 

684 8 
685 9 
691 3 

692 4 

692 6 
6926 
693.2 
696 1 
699.3 
704.1 
7149 
7153 
720.8 
7255 
732 5 
734 4 
744 6 
745.8 
746.4 
7468 
747 8 
748 6 
752 6 

pp 

Dep~h on Road 
a t  centerllne 

of 8rtdge 
{feeti 

0 7 

sackwaterf 
[feet1 

0 5 
0 7 

Uprtresm 

[feet above 
NGVDI 

695 0 
6850 

685 4 
686 4 
691 5 

692 5 

692 7 
692.8 
693 3 
696 7 
698 9 
704.8 
717 6 
7178 
721 1 
7260 
7330 
7346 
7448 
745 8 
746 5 
746.8 
747.9 
748 6 
7526 

Omfh  at Low 
~ o l n r  ln 6rldge 

Approach Road 
ifeel1 

3 1 
0.6 

2 4 
1 .O 

Chsrsotsr~rt#cr 

Recommeded 
DeslQn 

F r e w e n c ~  
lyear$l 

50 

1 W  

50 

100 
100 

10 
50 
10 

50 

10 
10 
10 

10 

M 

Interval 

~acknaterf 
lfeetl 

1 1 
0.0 

0 0  
2 7  
3 0  

1.0 

0.0 
0 1 
0 9  
0 5  
0 0  
0 8 
2 5 
0.0 
0 0  
0 0  
1.1 
0 2  
1 6 
1 6  
0.7 
0 3 
1.3 
1 3 
2 1 

50-Year Recurrence 

Dovrnr!ream 
staged,* 

Ifeel above 
NGVDl 

682 2 
664 5 

684 5 
684.8 
666 4 

691 5 

692.6 
6926 
6927 
694 7 
698 5 
702 7 
7103 
7153 
7206 
7255 
731.0 
734 0 
742 0 
744 6 
745.8 
746.4 
7468 
747 8 
749 0 

Depth on Road 
ac cenlerllne 

of 8r8dge 
If-11 

2.0 

Demh a t  LOW 
Pomt ln Brldge 
~~~~~~~h R O ~ ~  

lfeati 

~asquate  
Hydreullc 
cawcltyC 

No 

Yer 

- 
No 

Yes 
Yer 
No 

Ysr 
Yes 

Yer 

Yes 
Yes 
Yes 

Yer 

No 

100 Y i r  Recurrence 

~ownsfresm 

[feet above 
NGVDl 

662 1 
685 0 

685 0 
685 4 
6867 

691 7 

692 7 
692 7 
692 9 
695 0 
698 8 
702 8 
710.5 
7176 
721 1 
7260 
131 2 
734.2 
142 1 
1 4 4 8  
7458 
746 5 
746 8 
747.9 
7 4 9 0  

D e ~ t h  on Road 
at  Cenlerllne 

of srldge 
lfesfl 

Flood 

m p t h  at Low 
 PO^ f n  Bridge 
Approach Road 

l feetl  

3 6 

3 0  
0.4 

0.7 

lntervsi 

8ackwateri 
lleetl 

2.3 
0 0 

0 3 
1 1 

1 9  

0.9 

0 0  
0 0  
0 5  
1 4  

0.6 
1 4  
4 6  
0 0  
0 0  
0 0  
1 5  
0.4 
2.6 
1 2 
0 6 
0 4 
1 0  
1 6  
3.0 

Deorh on Road 
a t  contcrilne 
of 8rldge 

l feefl  

3.0 

0.7 

lnrerval 

ssckwalerf 
(feet1 

2 3 
0 0  

0 4 
1 0 
2 8  

0.8 

0 0 
0 1 
0 4 
1 7 
1 1 

2.0 
7 1 

0 0  
0 0  
0 0  
1 8  
0 4  
2.7 
1 0  
0 7 
0 3 
1 1 
0 7 
3 6  

Flood 

Depth a! LOW 
PO,", tn 8r8d.w 

Approach Road 
lfeerl 

5 9  

4 1 
1 5  

0 5  

1 2  

0 1 

0 3 
0.3 

0.1 

Ospfh on Road 
at centerime 

of 8rmd.w 
lfeefl 

0 3 

4 1 
0 3 

0 5 

1 2  

0 1 

0 3  
0 3 

0.1 

Flood 

Depth at  LOW 

~ o l n t  tn 8rldge 
aoproach m a d  

Ifeerl 

6 4  

4.6 
1 7  

0 6  

1 3  
0.4 
0 3 
0 8  

0 2  
0 3  
0 4  

0 1 

Depth on Road 
at center~tne 

of 8rldge 
lteeti 

0 8  

4 6  
0 5 

0 6  

1 3  

0 8  

0 2 
0 3 
0 4 

0 1 



HYDROLOGIC-HYDRAULIC SUMMARY-TRIBUTARY TO UPPER OAK CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

= ~ * ~ $ " , e d  m maes above conflveoce w,Ch Oak Creek 

b~nurfure mder are as ~OIIIWI I-bndge or cuiverc 2-darn, 1111. 01 I I I  Yydravlrcallv rrgnih~~nt srrucruer are denoted b y  Yo S, h~ddduIi i i , lv YYYY~o~I~c~"~ stttt f f f f f  ff ddddffd bV en 1 

' A  bridge has ao adequate h v d r a u l ~  capaocv if if will remato open durrng a Nood hanng a recurrence interval equal to or less rhnn rhc recommndcddes,gn frequency A Orcdge !r hydraul!caily !nadaqualc 
,I the a~ptoach  road or brcdge ,s overtopped by a flood h a v w  a recurrence mrervalequal to or less than che recommended derlgn frequeoer. 

n w d  r t w  mdccated rmrereorr the ware, rvriam elevarron aoorox,mate,y 50 leer from me brrdge 

e ~ , l y  ol Frsnklm Vertical Datum = Naoona, Geodercc V n t ~ a l  Datum - 580.56 feet 

$ackwater w delmedar the change in stage l rom the urrrtream rrde 01 the h~draulrc rtrucrurs lo the doWnrWeam I lde 

#me ,food ,ndrcated r ~ r e c n r ~  the rur~ace e,eva,,an 01 o a k  creek ar the conttuence w,th the ncovtarv ro upper o a k  creek 

Source SEWRPC 

100-Year Recurrence interval Flood 50-year ~ e c v r r e n c e  lntetval Flood srrutture ldeni,f~cat,on and Selected Characlerlsllcr 

Instantaneous 

pest 
D8rcharg. 

lclsl 

60 
60 
60 
60 
60 
60 
W 
10 
- 

10 year ~ecurrence interval Flood 

Depth 8f LOW 
~omnt ln ~ r l d g e  
Approach Road 

l fast l  

0.1 
0 1 

0 1 

~ e p t h  on Road 

at cenxsr~sn~ 
of 8rsdge 

lfeefl 

0 1 

NvmbPr 

800 
803 
805 
610 

Depth on Road 

a t  centerl,na 

o f  Bridge 
(lee11 

0.1 
0 1 

0.1 

Upstream 

Ifeet above 
NGVDl 

736 0 
736.4 
737.1 
744.2 
145 0 
745 5 
746 4 
754 3 

lnstantaneou~ 
peal. 

~~~~h~~~~ 
l c f4  

50 
50 
50 
50 
50 
50 
50 
8 

Recommended 
~e~~~~ 

~ ~ e q ~ e n ~ y  
Ivcarrl 

70 

lnttan<aneour 
peak 

~ ~ ~ ~ h ~ ~ g e  
Icfr l  

20 
20 
20 
20 

815 Prlvsts Drive 20 745.0 
817 Prmvale Dr iw  20 745 2 

10 No 20 7464 
50 Yer 3 7538 

eackwaterf 
l feet l  

1.5 
0 4  
0 7 
2 6  
1.2 
0.4 
1.0 
0 7  

~ ~ ~ k ~ ~ t e r t  
lfesfl 

1 8  

0.5 
0 5  
1 8  

2.3 
0 2 
1 2  
0.8 

~dequste  
Hydiauilc 
capacltyC 

Yes 
742 7 
745.0 
745 2 
7530 

Name 

Prluate Drlue 
Pr~vata 0r8ve 
Private ormve 
W Glenwood Drlve 

Downstream 

lfaet above 
NGVDl 

734.6 
7 3 6 0  
736.0 
741.2 
744.2 
7450 
745.5 
753.5 

- 

~ e p f h  a t  LOW 

~ o ~ n t  tn srldge 
Approach Road 

lfeetl 

0.1 

upstream 

(feet ~bove  
NGVDl 

735 9 
7363 
737 0 
743.7 
7450 
745 4 
746.4 
754 1 

U ~ $ t r e s m  
staged,' 

(feet above 
NGVDl 

735 6 
736 1 
736 6 
742 6 

-- 

~ackwatc r t  
lfaefl 

1.4 
0.4 
1.1 
3.0 
0.8 
0.5 
0.9 
0.8 

Downstream 

lfeei above 
NGVDi 

734.4 
735.9 
7363 
741 1 
7438 
745.0 
745 4 
753.4 

Depth at LOW 

~ocnt  ~n ~ r l d g e  
~pproach Road 

Ifeerl 

0.1 

Downstream 
s ~ s g e ~ , ~  

lfcet above 
NGVDl 

733ag 
735 6 
736 1 
740.8 

R,M. 
~ ~ 1 ~ '  

0 0 2  
0 0 4  
0 0 5  
0 2 1  

~ e p r h  on Rosd 
a t  t en ts r~me  
o l  srldge 

lfeetl 

0 1 

Structure 

T V P ~  and 
H Y ~ ~ S U I I S  

slgnlflcanreh 

1s 
1s 

I S  
I S  



Table E-5 

HYDROLOGIC-HYDRAULIC SUMMARY-NORTH BRANCH OAK CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

a~earured m mr1er above confluence w,h Oak Cree* 

b~nucrure mder arc as 6oIIow1 I-brrdge or cu le r f  2-dam, nN, or wet, Hydrsulrcally r lgn l f i i i i f  rtrucrum are denoted b y  YY S, h ~ d r d d l i i i ~ f y  ~ n s ~ ~ n s f t t t t f  fffffPures are ddddred b y  an l 

Numbs. 

400 

402 
403 
405 
407 
410 
415 
420 

425 
430 
435 

436 
437 
438 
439 
440 
441 
442 
443 
444 

445 

450 
455 
460 

462 

' A  br,ge has ao adequate hydrau~,c caprc,cy rf l r  wr t~  remalo oocn durmog a f~ooahsv,ng a recurrence rnrsrvet wu* m or *r. than the recommended des,gn frequency. A br~age rr hyarsu~,cs,,y rnsdeqvere 
rr the aporoarh road or brldpe ,r OK,tOOPed b y  d 1,OOd hdvlng. recYrrenee ln te rK I l4ua l  ro or less than IhP recommended der,g" f w v c n c y  

d ~ h e  flood sfage tndicaled reprerenrr the water surface elevatron approximately 50  feet from the brjdge. 

e ~ t t v  o f~ , iwaukee  ~er tcca i  Datum = waflonal ~rndcrr r  vertccsl oarvm 580.60 crry o f  oak C-h verr jca~ m r u m  - wsaooa, GG~~III vert,ca, r arum - 580 5 6  het 

fgachwater s dcfioedas the change m s rpe  from the upstream s,de o f  rhs hydraulic rtrucrure Co me aownr t rem ride 

'There rr a drop o f  abour 4.0'feel m the streambed a t  the downstream rlde o f  rhe Chicago. MtIwauke.9, Sr. Paul & Pacrftc Redroad brldgp 

hThe flood rrage ,nd!cand represents the water surface clcvanon due m fhe backwsrsr from the Chicsgo. M#fwauhee. St. Paul & Pacific Rallroed bndpe sr R t w r  Mlje 4.75. 

'The awroach road Ir overtopped due to backwater from the Chtcago, M!lwaukee, S r  Paul & Paclfrr RaTIroad brrdge I t  ,r not d m  to an loadcouare hydraulic capaoty of the culverBat S. lSrh S r m t  

Source SEWRPC 

Structure 
P 

Name 

Chlcaao. Milwaukee. 
St Paul & Paclflc 
R ~ ~ I ~ ~ B ~ ~  

Prfvste arldge 
Prlvsfe Brldge 
W. Pustz Road 
Prlvste Brldge 
W W l l d w w d D r i w  
W Drexsl Avenue 
Chicago. Milwaukee. 

St. Paul 8 Psclllc 
Railroad 

S 67h Strest 
W. Marqustie Amnue 
W Rawron Amnuel 

CTH 88  
S 6th Street 
Sp~llway 
Sp8tiway 
Private Brlage 
~ r l va fe  8rlage 
Prlvate Bridge 
Prlvate Bridge 
Prlvatc 8rldge 
Chicago. Mmlwaukee. 

St. Paul & Pac,f,c 
Railroad 

W. College Awnuc l  
CTH zz 

Private Bridge 
S 13fh Sfreef 
W. Ramsey Awnue 

and I H  94 Box 
Cvlmrt 

IH  94 Exlt  Ramp 

lnl tantaneou~ 
Pear 

O l = h s r ~ ~  
lctr l  

1.210 
1,210 
1,210 
1.130 
1.130 

940 
940 

890 
890 
560 

560 
560 
560 
580 
150 
150 
150 
150 
150 

120 

145 
190 
190 

250 
250 

In,t*ntaneo"r 
Peak 

~ , , ~ h ~ ~ ~  
l c f t l  

2.320 
2.320 
2.320 
1.940 
1.940 
1.260 
1.260 

1.190 
1.190 

900 

9 W  
900 
900 
900 
240 
240 
240 
240 
240 

220 

280 
390 
390 

410 
410 

ldent, f~eat~on 

R 'wr  
~ l l e '  

o 10 
0.21 
0 3 4  
0 9 2  
1 7 1  
2 0 0  
2.21 

2 25 
2 4 1  
3 04 

3.51 
3 8 6  
3 90 
4 20 
4.35 
4 5 9  
4 6 2  
467 
4 7 4  

4.75 

4.91 
4 9 4  
5 2 1  

5 65 
5 85 

Upstream 
sfsged.' 

lfest above 
NGVDl 

6853 
681 2 

696 4 
7039 
704.8 
7056 

1 0 9 4  
710.0 
7140 

7148 
717.0 
7171 
7245 
725.5 
730.3 
7306 
731.2 
731.3 

7324 

7324h 
~ 3 2 . 4 ~  
732.4 

735.3 
739.2 

Upsfream 
stagedP 

(fee, 
NGVOI 

689 3 
889 9 

699.0 
705 1 
7060 
707 3 

711 4 

711 5 
7149 

716.3 
7185 
7185 
725 3 
726.0 
731 5 
732 0 
7326 
732.7 

736.3 

736 3; 
7363 
7363h 

737.0 
740.8 

and selected 

SfrYCfYre 
T Y P ~  and 
Hvdr=ul'c 

slgnlf8canceb 

IS 
1s 
11 
15 
1s 
I S  
1s 

1s 
1s 
i s  

1s 
1s 
2- 
25 
1s  
IS  
1s  
I S  
I S  

1s 

IS 
1s 
I S  

1s 
1S 

10-Year ~eeurrence 

Downstream 

(feet sbow 
NGVDI 

6827 
686.4 

695 4 
7038 
7048 
706.0 

7066 
709 4 
713.8 

7145 
7165 
7170 
7244 
725.0 
729 4 
7303 
730.8 
731.3 

731 3 

7 3 ~ 4 ~  
732 4h 
732 4h 

734.2 
736.7 

100-Year Recurrence 

Downstream 

(fee, shove 
NGVOl 

684 4 
689 8 

696 9 
705 0 
7060 
7062 

107 3 
711 5 
714 7 

7154 
7177 
7185 
725 2 
725.8 
730 1 
731.5 
732 1 
732 7 

732 7 

736.3h 
7363h 
7363h 

736.1~ 
737 7 

charactcrlrtlcr 

Recommended 
Desmgn 

Frequency 
lvesrvl 

l o o  

50 

10 
50 

1 W  
10 
10 

50 
10 

100 

50 

50 

100 

Adequafe 
H ~ d r s u l ~ c  
cspseltyC 

~ s r  

No 

No 
Yes 

Yes 
No 
No 

Yes 
Yes 

Yes 

Yer 

Y S ~  

Yes 

Depth O n  Road 
at Centerllne 

.f ar,dge 
Ifcel l  

2 1 

0 7 
3 8 
2 2 

2 4 
2 7 

0 9  

Interval 

Backws,erf 
Ifeetl 

4.9 
0 1 

2 1 
0 1 

0 0  
1 1 

4 1 
0 0  
0 2  

0 9  
0 8  
0 0  
0 1 
0 2 
1 4  

0.5 
0 5  
0.0 

3.6 

0 0 
0.0 
0 0  

0 7  
3.1 

ln te r~a l  ~ l o o d  50 Year ~scurrence lnterval Flood 

8ackwatert 
1tserl 

2 6  
0 8 

1 0 
0 1 
0 0  
0 6  

3.8 
0.6 
0.2 

0 3  
0 5  
0 1  
0 1 
0 5 
0 9  
0 3  
0.4 
0 0  

1 1 

0.0 
0.0 
0.0 

1.1 
2.5 

Flood 

DsPlh a, LOW 
Palnf ln Brldge 
~ \ ~ ~ ~ ~ ~ ~ h  ~~~d 

Iieetl 

5 1 

1.2 
4 0  
2 4 

3 0  
2 9  

1 1  

3 2 
1 3  

Depth on R o d  
st Centerllns 

of a,,d9e 
l feet i  

3 3 

1.1 
4.0 
2 4 

2 9 
2 9  

1 8  

2 4  

2 8  
1 2  

1 5  
2.0 

0 6  

0 6 

2 8 
1 2  

1 4  
2 0 

2.000 
2.000 
2.000 
1,750 
1.750 
1.190 
1.190 

1,130 
1,130 

820 

820 
820 
820 
820 
220 
220 
220 
220 
220 

200 

250 
3 M  
354 

370 
370 

687 8 
688 7 

698 6 
7049 
7058 
7070 

7109 
711 0 
7147 

715.9 
718 1 
718 1 
725 0 
725.8 
731 3 
731 7 
732.3 
732 4 

735 4 

735 4h 
735 ah 
735 4h 

7366 
740 4 

684.0 
688 6 

696.6 
7048 
7057 
7059 

1069 
711 0 
7145 

715 2 
717 4 
718 1 
724.9 
725.5 
7299 
731 3 
731 8 
732 4 

732 4 

~ 3 5 4 ~  
7354h 
7 3 5 ~ ~  

135 4h 
737.4 

3.8 
0 1 

2 0 
0 1 
0 1 
1 1 

4 0  
0.0 
0 2  

0.7 
0.7 
0 0  
0 1 
0.3 
1.4 
0 4  
0 5 
0 0  

3 0  

0 0  
0.0 
o o 

1 2  
3.0 

3 9  

0 8  
3 8  
2 2 

2 5 
2 7 

0.9 

2 3  
0.4 





Table E-8 

HYDROLOGIC-HYDRAULIC SUMMARY-TRIBUTARY TO SOUTHLAND CREEK: YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

Structure ldentlf~catlon and SeieclCd Character~rrtcr 

'hfeasund ,n r n l l e ~  above confluence wnh Southland C m k  

a~tructure coder #re as foliowr I-bndge or culrsrr. 2-dam. rrll. or ueC Hvdr#ulicallv r,goihcanr rnvervrer are &noted by an S. hydraulicaby rongn,hcant rtrucrures are danofsd by an I. 

'A bride has an adequate hvdraulrc cdpdctfv rf t t  Wtll remain wen dvnng a l lood havsng a recurrence rnfcrval qua1 lo or les than Ihs r e c o m m n d d  design I rqur rcy .  A bridge a hydraulically mmdquare 
11 the approach road or bndw rr o v e r r o m d  bv a flood hsvrng a murrsnce ,olsrval eoual ro or 1c.r than rhe remmmsnded d*s,gn frqumcy. 

N w d  stage lodlcatcd rWrewors rhe water rvrlsce elewtlon approrlmately 50 leer I r a n  the brrhie. 

e ~ r t y  of oak creek verrccal ~ a r u r n  = Narrooal ~ s o d c o c  veroca, ~ a t v r n  - 58056 feet. 

f ~ a c k w ~ t e r  rr defined a' the change ," sfam fmm the u0,tream ,,d# 01 the h~d lW,L  II,"Ct",e 10 the dOW$,l(ld", 1,de 

Number 

700 
705 

'rhc t ~ w d  s r w  rodtcated r ~ r e w n o  me water rur(ece s,evattan o ~ s o u t h ~ a o d  creek sr the m n ~ ~ u s n c e  w m  me a,but.ry to sournland cm*. 

Source. SEWRPC 

loYear Recurrence lnrsrval Flood 

Slrvcfure 
T ~ w s n d  

Name 

IH 94 
W. PuCtZ Road 

50-Year Racurrence Interval Flood 10OYear Recurrence lntervsl Flood 

Recommended 
Oescgn 

~Sver 
M ~ I $  

0 19 
0 7 3  

*equate 
~ v d r a u ~ l c  

s#gnlticanceb 

15 
15 

Instantaneous upmeam Downstream 
Peak I stagedB I ~ t s g c ~ ' ~  I , 

~rcqucncv 
l ~ears l  

100 
50 

Depth 81 Low 
P a m  mn 8rldga 

nydravhc 
capacltyc 

Yes 
No 

Depth on Road lnrtantaneovl Upstream Downstream 
at centerl~ne I Peak I ~ t a g s ~ . ~  I I 

~ l u h a r g c  
l c l r l  

80 
70 

Depth ac LOW 

~ a l n t  in 8 r ~ o w  
l ~ e c t  above 

NGVDl 

7052 
725 0 

Depth on Road 
at center~lns 

(feet above 
NGVDl 

703.3' 
723.9 

~n~tantaneour 
peak 

8ackwat.r' 
Ifaetl 

1.9 
1.1 

Upstream 
~ t a ~ ~ . ~  

APProach ~ o s d  
l lect l  

0 3  

~own$f resm 
staasd.e 

of ~ r l d g e  
lfeerl 

0 3 

Point Deprh l n  at Rridne Low 
D I X ~ ~ ~ D F  

lcfr l  

150 
140 

D c c h  a, rent~rl,np on Road 
(lee, .born 

NGVDl 

705 8 
725 3 

(feet above 
NGVDl 

705.0' 
724.6 

aac~wster '  
(feet1 

0.8 
0.7 

~ p p r o a m  
l fssf l  

0 6 

of srldgp 
l lesf l  

0.6 

~ ~ s c h s r w  
lcfr l  

180 
180 

(feet L o v e  
NGVDl 

706.0 
725.4 

~~CetBborn 
NGVDl 

705.8~ 
724.8 

nBCkWBtarf 
l f ~ s f l  

0.2 
0 5  

~ . . =. 
moroach 

I f e t l  

0.7 

. . -. . . . 
of aridge 

[feet1 

0 7  



Appendix F 

HYDROLOGIC-HYDRAULIC SUMMARY FOR STRUCTURES ON OAK CREEK AND SELECTED 
MAJOR TRIBUTARIES: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

Table F-1 

HYDROLOGIC-HYDRAULIC SUMMARY-LOWER OAK CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

b~t ruc tu re  codes are iol~ows I-bridge or C Y I V ~ ~ L  Z-dm?, srll, or we,, HydravlrcaliY rlgnlhcanr s t t t t t t t t t  BBB ddddred by an S, hvdraulicallv inr!gnrhcsnr rrructusss a s  denoted bvanl 

' A  Indge has an adequate hydraui,~ caplcrty r f  ,t wrN remam own dvrlog s i!ood havrng a recurrence (nrerval wual to or Crr man h e  m m m ~ d e d  derqn i r rq~ency  A brfdge IS hydravlrrsllb' madwuafc 

i t  rhe azoroach ,odd or br~dge 3s oyerto~oed by a flood havmg a rccurrenc~ Y Y I I I I I ~ ~ ~ U ~ I  co or !ess than me recammended des~gn frwudncy. 

d ~ f i e  r iom stage ,ndrca(ed represents me ware, surface srevarton aporoxrmawy 50 leer *om me bridge 

' c i t y  sovrh ~ l i w a u k e e  vertlcai ~ a c u m  - ~ a r l o n a i  ~ w d e t r c  vertical ~ a t u m  - 580 97 leer city or oat creek verrcel d arum = ~ a a o o s ~  Gsoderrc veracal Dalvm 580 56 feet 

' l (dckwa l r  rs defioedas the change in rmge from the upstram srde o f  the hvdrwlcc ~truclure m <he downsweam wde 

'"The brzdger at E. Rawroo and 16th Ll.rnver were repiaced ,n fali 1985 ~ 8 t h  a rlngle ~frucrurs The new brldge rr re fe ted  !lo the f l~odrrager llrted m th.8 table and on the ~ r o f r l e r  m Aolleodix G. 

'There a a droo of abour 4.0 III 10 the streambed at the downsfreem ,,dl of lhe S Psonrylvanla Arenue bridge. 

Source SEWRPC 



L'C 

mwe zeell amqe 161eq~10 BSPIIO peon ~13801ddV ,~IBM?DOO anoqe zaa81 enoq~ laall e6~eqxma .~nem*H ~ouanluj wneJp*H ~sn~n 
,.pasets wed auljlalus3 ze a~pl~g us lulod s.pa6el~ ,,paMz~ qesd wenbapv u6lraa ~u=sOAl 

wsslllvrn00 weanrdn mosueluo~u4 peon uo qldaa mo7 lo qldaa uesl~urn~ w~allrdn mosueluellul papuauw0,ay ainl3nllS 
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Table F-3 

HYDROLOGIC-HYDRAULIC SUMMARY-UPPER OAK CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

' ~ a m r a d  ,n m,hr above mouth at ~ a k e  ~ lch lgan  

b~frvcfure mder a n  as foilowr I-br!dge or culvert. Z-dam, s!Ii, or w,,. HyddddI~c~iIy ~ ~ g n ~ f t t t t t  strt t tvre$ are denoted by YY S, hyddduIIIIIIY i i i ign~ffcfff  s I r ~ ~ c u r e r  are ddndtedby an I 

' A  brrdge bar an adequate hvdrsu~,c ranac,ry ,I i t  wro remsro own durrng a flood having a recurrence rnyerva, equal to or ,err than rhe recommendeddss,gn frequency A brrdge ,r hydrsu~,cal,y madwuare 
i f  the awrosch road or brldm rr overrowed bv a flood h a ~ w  recurrence ,ntervai W U ~  to or ,err man the recommendedde~~gn f r ~ v e n c v .  

flood rrage rndrcateb reprereon the water wrrace e,evaoon aooroximete,y 50  feet from me bridge. 

e~, rv  of Da* Creek and C ~ t y  of Franhhn Vermai Dsromr = Nattanal Gsode~c  Vercicical Datum - 580.56 feet. 

NumMr 

260 
261 
265 

270 
275 
280 
285 
286 
290 
295 
300 
305 
310 
312 
315 
316 
317 
318 
320 
325 
330 
331 
332 
333 
335 
340 
345 

f~achwdyel rs defined ar the change m stage from the upstream rrde of rhe hydraulic structure ro the downstream rode 

Source SEWRPC 

Table F-4 

HYDROLOGIC-HYDRAULIC SUMMARY-TRIBUTARY TO UPPER OAK CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

srru~ture ldent,ftcat~on 

Name 

W Rvan RoadISTH 100 
Spll lwa~ 
Ch8cago. Milwaukee. 

St. Paul & Paclfli 
Railroad 

~ r l v a t e  ~ r l d l p  
Prlvale Brldge 
Private 8rldge 
S 13th S~reetiCTH V 
Pederlrlan Bridge 

IH 94 Northbound 
1H 94Southbound 
s 20th Street 
S 27th StrecliSTH 41 
S 31s Street 
Private 8rldge 
W. Ryan RoadiSTH 1 W  
Concrete o ~ o p  si l l  
Concrete Drop St11 
Concrete DropSlll 
W Southland Drive 
W Woodward Drive 
W Glenwood Drtve 
Private Drive 
Pr~vafe Dr8w 
W Maple Crert Drive 
Rerervotr Outlac 
Prlvate Brldge 
W Puefz Road 

,nrrantsneour 
Peak 

Dlrharge 
lc f l l  

1.030 
1.030 

1.030 
1.030 
1.030 
1.030 
1.030 
1.030 

690 
690 
690 
400 
200 
2 W  
2 W  
200 
200 
100 
100 

50 
10 
10 
10 
10 
10 
20 
20 

'Mearured m miles above confluence wrrh OaX Cnek 

Rlver 
~ 8 l e ~  

1006 
10.12 

10.24 
10 25 
1046 
10.50 
10.69 
10 72 
10 97 
10.99 
11 24 
11 70 
11.97 
12 23 
12 52 
12 69 
12 90 
1307 
13 18 
13 31 
13 58 
13 W 
1362 
13 64 
13 55 
I 3  76 
1379 

Uplfream 
StagedP 

(feet above 
NGVDI 

6820 
682.0 

682.1 
6848 
687.6 

6893 

6900 
6900 
692.3 
693.6 
597.8 
7028 
711.9 
7138 
7190 
7240 
731.7 
733 8 
743.4 
1 4 5 0  
745 7 
746.0 
747 3 
7486 
750.9 

lnrlantsneour 
Peak 

Dmlcharge 
lcfr l  

1,620 
1.620 

1.620 
1.620 
1.620 
1.620 
1.620 
1.620 
1.140 
1.140 
1.140 

700 
390 
390 
390 
390 
390 
170 
170 
90 
30 
30 
30 
30 
30 
50 
50 

b ~ ~ r u c f u r e  m d m  are as fo i iow~:  I-brrdge or rulverc 2-dam, 1111, or III. H y d r d i ~ ~ ~ i i y  ~ ~ g n ~ f t t t t f  f I r~cf f f f f  are denoted by YY S: h y d r d u I ~ ~ ~ I t y  Y Y Y Y I I I I I I ~ ~ C ~ ~ ~  ftrucrrres err ddnottd by an I 

Inrtantaneour 
Peak 

Dlrcharge 
lcfsl 

1830 
1830 

1.830 
1.830 
1.830 
1.830 
1.830 
1830 
1.330 
1.330 
1.330 

840 
490 
490 
490 
490 
490 
210 
210 
110 
40 
40 
40 
40 
40 
W 
60 

Structure ldsnt~f~cation and selected Chsracter~rt~cs 

' A  bridge has an adequate hyddddi~c c~pac,ty ~f r l  wm ramam own dwmnga f i o ~ d  hhhhhg B ~~BBBBBBBB ~nternlnli equal to of 111s fhhh fhh hhhhmmhhdeddddd'~'~ f f e q  A bndw i s  hydraulrcslly ~madadpuatt 
IT che approach road or bndgs ,r o v e r t o ~ ~ e d  by a flood having a recurrence incervaieqvsi to or less rhan rhe rerommeodedder,gn fqucncy .  

and selected 

S f r ~ ~ t u r e  
T ~ ~ e a l l d  
HYB~YI IC 

signlflcanrrb 

1S 
2s 

I S  
1s 
IS  
11 
I S  
11 
1s 
1s 
1s 
1s 
1s 
I S  
I S  
2% 
25 
25 
I S  
1S 
I S  
I S  
1s 
1s 
1s 
15 
I S  

10 Year Recurrence 

Downstream 

(feet above 
NGvDI 

6809 
682 0 

882 1 
682.1 
687 1 

6889 

690 0 
690.0 
690 1 
692 8 
697 8 
702 2 
7094 
713.8 
7190 
724.0 
7306 
733.6 
741 8 
743 4 
745.0 
745 7 
748.0 
147 3 
148 8 

upstream 
~ f ~ g e ~ "  

lfeet above 
NGVDl 

684 5 
684.5 

684.8 
685 9 
689 2 

691.5 

691 9 
6920 
693.1 
695 4 
8992 
704 1 
7149 
7153 
720.6 
125.5 
732.5 
7344 
7446 
745 8 
146 4 
746.8 
747 8 
748.6 
7526 

Number 

800 
803 
805 
810 
815 
817 
820 
825 

d ~ h e  floodrrage indrcared reprerenu the water surface elevarron amrorimarel~ 5 0  feel from the bndgc 

e ~ # f ~  of Fraohirn Vertlcai Darum - Naoonal Geadeoc Vertical Osrvm 580 56 feet 

upstream 

lfeet above 
NGVDI 

685 0 
6850 

685 4 
686.4 
689 8 

692.1 

692 4 
692 4 
693.3 
595.6 
699.9 
704.8 
7 1 7 6  
7176 
721 1 
728 0 
7330 
7346 
1448 
7458 
746.5 
746 8 
747.9 
7486 
152 6 

10-Year Recurrence lncsrval Flood 

fB8chwater ,s dehnedas the change ,n $ram from the u~r t ream ade of h e  hydravlrc structure ro Me downrrream ride 

 he lioodrtage ind8catcd rcDrerrorr rhe water rvrface eievsflon of Oah Creek at the canfiuence n t h  rhe rr!bulary co Upper Oak Cneh. 

Source SEWRPC. 

character~rrics 

Recommended 
Dewn 

Frequency 
l ~ e a r r l  

50 

100 

50 

100 
100 
10 
50 
I 0  

50 

10 
10 
10 

10 

50 

1ntorv.l 

8ackruaterf 
lfeetl 

$ 1  
0.0 

0 0  
2 7 
0.5 

0 4  

0.0 
0 0 
2 2 
0.8 
0.0 
0 6  
2 5  
0 0  
0 0  
0 0 
1 1 
0 2 
1 6  
1 6  
0 7  
0 3 
1.3 
1 3  
2 1 

50-Yssr Recurrence 

oownrtresm 
staged'= 

lfeet above 
NGVDI 

682.2 
684.5 

684 5 
684.8 
688 0 

690 1 

691 9 
6919 
692.0 
6938 
698.5 
702 7 
710.3 
7153 
720 6 
725.5 
731 0 
734.0 
7420 
744.6 
745.8 
746 4 
746.8 
747 8 
7490 

Name 

Prlvsle Dr lw  
Prlvsfe Drive 
Prtvate Drive 
W Glsnwood Drive 
Private Drcve 
Private Drive 
W. Maole Crest Drive 
W. Puelz Road 

lnsfsnfaneaur 
peat 

~ ~ r c h a r g e  
1cf.l 

20 
20 
20 
20 
20 
20 
20 

3 

Adequate 
HvdrauI~c 
~ a p a c ~ f y '  

No 

Yes 
- - 

- 

Ye. 
- - 

Ye3 

Yes 
No 

Yes 
Yer 

Ye, 

Yes 
Yes 
Yor 

Ye% 

No 

100-Year Recurrence 

Downrtream 
StagedP 

. Ifeer above 
NGVDI 

682.7 
6850 

685 0 
685 4 
688 3 

690 7 

692.4 
692 4 
692 5 
694.0 
698 7 
7028 
1 1 0 5  
717.6 
721.1 
726.0 
731 2 
7342 
742 1 
744.8 
745.8 
746.5 
745.8 
7479 
749.0 

50-Year Recurrence lntsrval  load 

~ l a o d  

DePrh at Low 
Point ln Bridge 

Approach Road 
(feet1 

3 6  

3 0  

0 3  

Interval 

8ackwaterf 
lfeell 

2.3 
0.0 

0 3 
1.1 
1 2 

1.4 

0.0 
0 1  
1 1 
1.6 
0 7 
1 4  
4 6  
0.0 
0 0  
0 0  
1.5 
0 4  
2.6 
1 2  
0 6 
0.4 
1.0 
1.6 
3 0  

River 
~ 8 l c ~  

0.02 
0 0 4  
0 0 5  
0.21 
0.27 
0.28 
0.30 
0.55 

Upstream 
sxsged.' 

(laat above 
NGVDI 

735 6 
736.1 
736.6 
742.5 
745.0 
745 2 
746.4 
753.8 

tns~antansous 
peak 

~ ~ r h a r g s  
l c f l l  

50 
50 
50 
50 
50 
50 
50 
8 

100-Year ~ecurrence lnterval Flood 

Depth on Road 
8t Ccnterltne 

of 8rldge 
(feel1 

3 0  

0 3 

Interval 

8ackwaterf 
Ifeetl 

2 3 
0 0  

0 4 
1 0  
1.5 

1 4  

0 0 
0 0 
0 8 
1 6 
1 2  
2 0  
7 1 
0 0  
0 0  
0 0 
1 8  

0 4  
2 7  
1 0  
0 7 
0 3 
1.1 
0 7  
3.6 

lnstsntsneou~ 
peak 

~lschargc 
1cfd 

W 
W 
W 
80 
W 
60 
W 
10 

Flood 

Depth st LOW 
Polnf ln Bridgc 

Approach Road 
Ifeetl 

5.9 

4 1 

1 1  

0 1 

0.3 
0.3 

0 1 

structure 
~ v o e a n d  
Hydraulic 

s#gn#ficanceb 

15 
I S  
IS 
1S 
1s 
1s 
18 
I S  

~ownr t ream 

(feet above 
NGVDl 

733 8g 
735.6 
736.1 
740.8 
742 1 

745 0 
745 2 
753.0 

uortream 
staged,' 

Ifeet above 
NGVDl 

735 9 
7363 
737 0 
7437 
745.0 
745.4 
746.4 
754.1 

Depth on Road 
at Csnterl8ne 

of Brtdge 
lfeefl 

0 3  

4 1 

1 1  

0 1 

0 3 
0 3  

0 1 . 

Flood 

Depth at Low 
Polnl n Bridge 

Aporoach Road 
lfeell 

6.4 

4 6  

0 3  

1 3  

0 3 
0 6  

0.2 
0 3 
0.4 

0.1 

upstream 
stagcdP 

Ifcet abbve 
NGVDI 

736 0 
736.4 
737 1 
744 2 
745.0 
745.5 
746.4 
754.3 

Depth on Road 
af Centerllne 

o f  8 r ldw 
lfeefl 

0.8 

4 6 

0 3 

1.3 

0.8 

0 2 
0 3 
0 4 

0 1 

~ecammended 
Deslgn 

Frequency 
lyear.1 

10 

10 
50 

8*kwaterf 
lfeetl 

1 8  
0.5 
0 5 
1.8 
2 3 
0.2 
1.2 
0.8 

Adequsts 
Hvdrauiir 
capacityC 

Ysr 

No 
Yes 

~ o w n n r e s m  

Itsef aboue 
NGVDl 

734.4 
735 9 
736.3 
741.1 
743.8 
745 0 
745 4 
753.4 

~awnr t ream 
staged.' 

lfaar above 
NGVDl 

734.6 
738.0 
736.0 
741.2 
144 2 
745.0 
745 5 
763 5 

Depth sf LOW 

~ o l n t  (n ~ r i d g a  
40pr0ech R o d  

Ifestl 

0.1 

8askwatcrf 
Ifectl 

1.5 
0.4 
0 7 
2 6  
1.2 
0 4 
1.0 
0.7 

~ ~ 0 t h  at LOW 

point ~n ~rmdge 
A P P ~ O B C ~  Read 

lfeefl 

0.1 

~ e p t h  on Road 
a t  centerlme 
or Bridge 

If let1 

0.1 

~ ~ 0 t h  on ~ o a d  
ar ccntsr~~ne 

of 8ridgc 
l ieal l  

0.1 

8ackwsterf 
lfeetl 

1.4 
0 4 
1.1 
3.0 
0.8 
0.5 
0.9 
0.8 

m o t h  a t  LOW 

~08nt  tn sridge 
~pproach m a d  

Ifcetl 

0.1 
0 1 

0 1 

~ s p t h  on ~ a a d  
at moterhna 

of ~ r l d g e  
lfeerl 

0.1 
0.1 

0 1 
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Table F-8 

HYDROLOGIC-HYDRAULIC SUMMARY-TRIBUTARY TO SOUTHLAND CREEK: YEAR 2000 PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

' ~ e a w r e d  m mrbs above ronlluence ~ 8 t h  Sovrhlaod Creek. 

b~ f ruc fu re  coder are arfol lowr I-bndge or culverr: 2-dam, sdl, or we,, Hydravltcsily s,go,f,canf sffufcrrer are dendred by an S, h y d r d d I ~ c ~ I I y  ~ n s ~ g n , f f f f f ~  strrcttrt t  ate dddored b an I 

' A  brrdpe has an adeevate hydraulrc capaclly i f  it wlll remnin me0 durmg a flood havrng a recurrence rnrervai equal ro or less than the recommended derlgn frequency A bridge rs hvdravlrcaliy madquare 
,f rhe approach road or b,,dge ,r overtopped b" a rioad havrog a recurrence ,o,e,va, q u a ,  ro or less than the recommended de3.n 1rpquency. 

d ~ h e  R w d  stage indicand represents the warn  surface eleverion aDDrorrmsfely 50 leer from the bridge 

'clfy of Oak Creek Verflcal Datum = NaflDndi Geodelrc VsrfrcalDatum -58056 feet 

'8dCkWBrer #s defined as the change m sfage from the upstream nde of the hydrsulrr rlrurture to the downstream ride 

 he i iood stage rndlcared represen. fhe water surface elevatron ofsovni,and creek at the coo~!uence urth the tr,butary to sov rh~ard  creek 

Source' SEWRPC 
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Appendix G 

FLOOD STAGE AND STREAMBED PROFILES AND AERIAL PHOTOGRAPHS SHOWING AREAS SUBJECT TO FLOODING 

Map G-1 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG OAK CREEK (RIVER MILE 0.00 TO 4.00) 

LEGEND 

APPROXIMATE EXISTING CHANNEL CENTERLINE + AND RIVER M I L E  STATIONING 

100-YEAR RECURRENCE INTERVAL FLOODLANDS-- I PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

I <OO-YEAR RECURRENCE INTERVAL FLOODLANDS UNDER 
PLANNED LANDUSE AN0 EXlSTlNG CHANNEL CONDITIONS 
THAT WOULD BE ELIMINATED UNDER PLANNED CHANNEL 
CONDITIONS 

NOTE: DUE TO MAP SCALE LIMITAT1ONS.THE DIFFERENCE BETWEEN 
THE 100-YEAR RECURRE~CE INTERVAL FLOODLANDS UNDER 
PLANluED LAND USE AND EXISTING CHANNEL CONDITIONS,AND 
ThE 100-YEAR RECURRENCE INTERVAL FLOODLANDS UNDER 
PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS. MAY 
NOT APPEAR ON THIS MAP WHERE NO DIFFERENCE APPEARS 
REFEREWE SHOULDBE MADE TOTHE FLOOD STAGE PROFILE 

GRAPHIC SCALE 

SHOWN BELOW 

Source: SEWRPC. 

0 112 1 MILE 
1 : ; ; ;  3 

DATE OF PHOTOGRAPHY APRIL 1986 



- Figure G-1 
- 

FLOOD STAGE AND STREAMBED PROFILE FOR OAK CREEK 

T 

- RAILING AT STREAM CENTER LINE 

-DECK AT STREAM CENTERLINE 

c LOW FOINT IN APPROACH ROADWAY - 
IF  NOT BRIDGE DECK 

A -LOW CHORD OR CROWN OF CLOSED 
CONDUIT --I-, -EXISTING STREAMBED ----- - mIUIye0 STw&m€P 

I 

(RIVER MILE 0.00 TO 4-00) 
6401 I 

6 4 0  

L I 570 - 
2% 200 150 1.50 

JISTMCE IN RIVER MILES FROM MOUTH AT LAUE MICHIGAN 

Source: SEWRPC. 



Map 6-2 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG OAK CREEK (RIVER MlLE 4.00 TO 8.50) 

LEGEND 

+ ;~;R",~;:,*T:,,',"l~Th~~O~~,*~NEL CENTERLINE 

100 -YEAR RECURRENCE I N T E R V A L  FLOODLANDS-- 1 I P L A N N E D  L A N D  USE AND P L A N N E D  CHANNEL CONDIT IONS 

Source: SEWRPC. 

GRlPnlC SCALE 

0 1/2 1 MILE 
I : I I I  I 

DATE OF PHOTOGRAPHY. APRIL 1986 
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Figure 6 -2  

FLOOD STAGE AND STREAMBED PROFILE FOR OAK CREEK (RIVER MILE 4.00 TO 8.50) 

LEGEND 
CHICAGO AvE - BRIDGE IDENTIFICATION: NAME 

STH 32 - BRIDGE IDENTIFlCATlON: COUNTY 
STATE. OR FEDERAL D E S I G N A T l h  

135 STRUCTURE IOENTIFICATION NUMBER 
1.61 RIVER MILE - HYDRAULICALLY INSIGNIFICANT - HYDRAULICALLY SIGNIFICANT 

-RAILING AT STREAN CENTER L I N E  

-DECK AT STREAM CENTERLINE 

-LOW W l N T  IN APPROACH ROADWAY 
I F  NOT BRIDGE DECK 

A LOW CHORD OR CROWN OF CLOSED 
CONDUIT ---I-- -EXISTING STREAMBED 

1- - 
700 6 5 0  6 0 0  550 

DISTANCE IN RIVER MILES FROM MOUTH AT LAKE MICHIGAN 





Figure 6-3 



Map 6-4 Map G-5 

t?. 
o. AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 

ALONG OAK CREEK ( RIVER MlLE 13.00 TO 13.79) 

LEGEND 

. APPROXIMATE EXISTING CHANNEL CEMERLINE 
AND RIVER MILE STATIONING 

1 100-YEAR RECURRENCE INTER\II\L FLOWLANDS-- 
PLANNED LAND USE AND PLANNED CHANNEL 
CONDITIONS 

Source: SEWRPC. 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO 
FLOODING ALONG TRIBUTARY TO UPPER OAK CREEK 

LEGEND I 
' APPROXLMATE EXISTING CHANNEL CENTERLINE + AND RIVER MILE STATIONLNG v 

100-YEAR RECURRENCE INTERVAL FL-ANOS-- I I PLANNED LAND USE AND PLANNED CHANNEL 
CONDITIONS 

GRAPHIC SCDLE 

0 1/2 
f : : : :  

1 MLE 
J 

DATE OF PHOTOGRAPHY' APRIL 1986 Source: SEWRPC. 

GRAPHC S U E  

0 1/2 1 MILE 
1 : : : :  I 

DATE OF PHOTOGRAPHY APRIL 1986 
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Figure 6-4 Figure 6-5 

FLOOD STAGE AND STREAMBED PROFILE FOR 
OAK CREEK (RIVER MILE 13.00 TO 13.79) 

LEGEND 
W. PUETZ RD -BRIDGE IDENTIFICATION' NAME - BRIDGE IDENTIFICATION. COUNTY, 

STATE. OR FEDERAL DESIGNATION 
3 4 5  - STRUCTURE IDENTIFICATION NUMEER 
13.79 - RIVER MILE 
I - HYDRAULICALLY INSIGNIFICANT - HYDRAULICALLY SIGNIFICANT 

3 - - RAILING AT STREAM CENTER L INE 

-DECK AT STREAM CENTERLINE 

c LOW POINT tN APPROACH ROADWAY 
IF NOT BRIDGE DECK 

Cn 
A - L o w  CHORD OR CROWN OF CLOSED 

0. 
CONDUIT 

U 
--I--- -EXlSTlNG STREAMBED 

7 1  15.06 0 l-.-.-- 14.50 - 14.00 13.50 13.00 

DISTANCE I N  RIVER MILES ABOVE MOUTH AT LAKE MICHIGAN 
C m r s r m .  C T I A I D P O  

FLOOD STAGE AND STREAMBED PROFILE 
FOR TRIBUTARY TO UPPER OAK CREEK 

I Iw. MAPLE CREST 

i / PRIVATE DRIVE 
815 

t r , , - , ~ ~ ' ,  " 
LEGEND 

W PUETZ RD. - BRIDGE IMNTIFICATION: NAME - BRlDOE IDENTIFICATION: COUNTY 
STATE, OR FEOERAL DESIGNATI~ 

826 - STRUCTURE ICENTlFlCATlON NUMBER 

- DECK AT STREAM CENTERLINE 

-LOW POINT IN APPROACH ROADWAY 
I F  NOT BRIDGE DECK 

A - LOW CHORD OR CROWN OF CLOSED 
CONDUIT --I-- - EXISTING STREAMBED 
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1.50 1.00 0 50 
DISTANCE IN RIVER MILES FROM CONFLUENCE WITH OAK CREEK 

fn,#rra. C C I A I D D O  



Map G-6 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING ALONG MITCHELL FIELD DRAINAGE DITCH 

LEGEND - 
_t APPROXIMATE EXISTING CHANNEL CENTERLINE 

AN0 RIVER MlLE STATIONING 

100-YEAR RECURRENCE INTERVAL FLOODLANDS-- 
- 'LANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

Source: SEWRPC. 

GRAPMIC SCALE 

0 1/2 1 MlLE 
I : [ : :  I 

DATE OF PHOTOGRAPHY. APRIL 1986 



Figure G-6 

FLOOD STAGE AND STREAMBED PROFILE FOR MITCHELL FIELD DRAINAGE DITCH 



Map 6-7 

AERIAL PHOTOGRAPH SHOWING AREA SUBJECT TO FLOODING ALONG NORTH BRANCH OF OAK CREEK (RIVER MlLE 0.00 TO 4.50) 

LEGEND 

O APPROXIWTE EXISTING CHWNEL CENTERLINE 
AND RIVER M1LE STATIONING 

100-YEaR RECURRENCE INTERVAL F L O W L N D S -  
PLANNED LAN0 USE AND PLANNED CHWNEL CONllTlONS 

TYPICAL CROSOSECTIOM OF M E  EXlSTlIUG AND PROPOSED 
CHANNELALONGTHEhlORTHBRANCHOFOAKCREEK 

FROM RM) 4.2 TO RM 5.21 ( S. 13 TH ST. ) 
YEAR 2000 LIZM USE EXISTINGCHANNEL 100-YEAR FLOODSTWE 

F 

SCALE 
0 I0 2OFEET - 

Source: SEWRPC. 

GRAPHIC SCALE 

0 112 1 MILE 
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DATE OF PHOTOGRAPHY APRIL 1986 



Figure 6-7 

7 4 0  
FLOOD STAGE AND STREAMBED PROFILE FOR NORTH BRANCH OF OAK CREEK (RIVER MlLE 0.00 TO 4.50) 

I SUBTRACT 580 56' TO PLACE 
ELEVATIONS ON CITY OF OAK 

." 
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RECURRENCE INTERVAL 

W PUETZ RD. 

UIVATE BRlDOE 

LEGEND 
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c RAILING AT STREAM CENTER LINE 
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Map 6-8 Map G-9 

cn AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT TO FLOODING 
ALONG THE NORTH BRANCH OF OAK CREEK(RIVER MILE 4.50 TO 5.85) 

AERIAL PHOTOGRAPH SHOWING AREAS SUBJECT 
TO FLOODING ALONG SOUTHLAND CREEK 

LEGEND NOTE : 

O APPROXIMATE EXlSTlNG CHANNEL CENTERLINE 
AND RIVER MlLE STATIONING 

100-YEAR RECURRENCE INTERVAL FLOODLANDS- 
PLANNED LAND USE AND PLANNED CHANNEL CONDITIONS 

100-YEAR RECURRENCE INTERVAL FLOODLANDS-- I PLANNED LAND USE AND EXlSTlNG CHANNEL CONDfTlaUS 
THAT WOULD BE ELIMINATED UNDER PLANNED CHANNEL 
CONDITIONS 

DUE TO MAP SCALE LIMITATIONS.THE 
DIFFERENCE BETWEEN THE 100-YEAR 
RECURRENCE INTERVAL FLOODLANDS 
UNDER PLANNED LAND USE AND EXIST- 
ING CHANNEL CONDITIONS, AND THE 
100-YEAR RECURRENCE INTERVAL 
FLOODLANDS UNDER PLANNED LAND 
USE AND PLANNED CHANNEL CONOI- 
TIONS, MAY NOT APPEAR ON THIS 
MAP, WHERE NO DIFFERENCE AFVEARS 
REFERENCE WOULD BE MADE TO THE 
FLOOD STAGE PROFILE SHOWN BELOW 

TYPICAL CROSS.SECTION OF THE EXlSTlNG AND PROPOSED 
CHANNELALONGTHENORTHBRANCHOFOAKCREEK 

FROM RM 4 . 2  TO RM 5.21 ( S. 1 3 T H  ST. ) 
YEAR 2000 L A M  USE EXISTING CMNNEL 100-YEAR FLOOD STAGE 

LEGEND 

2 APPROXIMATE EXlSTlNG CHANNEL CENTERLINE + AND RIVER M l L E  STATIONING 

I 100-YEAR RECURRENCE INTERVAL FLOODLANDS-- 
PLANNEDLANDUSE AND P L A N M D  CHANNEL 
CONDITIONS 

GRWHlC SaXLE 

0 112 1 MILE 
1 : : : :  I 

DATE OF PHOTOGRAPHY APRIL 1986 

SCALE 
0 10 POFEEl - '-I -YEAR 8 0 0 0  LAND 
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%ANNEL 100-YEA, 
'LOO STAGE 

GRAPHIC S C I L E  

0 I12 1 MILE 

l r l : :  1 

DATE OF PHOTOGRAPHY APRIL 1986 

Source: SEWRPC. Source: SEWRPC. 



FLOOD STAGE AND STREAMBED PROFILE FOR THE 
NORTH BRANCH OF OAK CREEK (RIVER MILE 4.50 TO 5.85) 

FLOOD STAC 
USE AND PL 
1 0 0 - M A R  F 

z 

7 7 0  
ROPOSED 
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W COLLEGE AVE 
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Source: SEWRPC. 

FLOOD STAGE AND STREAMBED 
PROFILE FOR SOUTHLAND CREEK 
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Figure G-10 

FLOOD STAGE AND STREAMBED PROFILE 
FOR TRIBUTARY TO SOUTHLAND CREEK 

7 6 0  - - -- 
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SUBTRACT 5 8 0  56 '  TO PLACE 
ELEVATIONS ON CITY OF OAK 
CREEK DATUM SUBTRACT 
5 8 0  6 0 '  TO PLACE ELEVATIONS 
ON MMSD DATUM 

LEGEND 
PUETZ ROAD -BRIDGE IDENTIFICATION: NAME - BRIDGE IDENTIFICATION: COUNTY 

STATE. OR FEDERAL DESIGNATldN 
7 0 5  -STRUCTURE IMNTIFICATION NUMBER 1 
0.73 - RIVER MILE 
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1 5 0  1.00 050 30 
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Appendix H 

LARGE-SCALE TOPOGRAPHIC MAPPING IN 
FLOOD HAZARD AREAS OF THE OAK CREEK WATERSHED 

Map H-1 

LEGEND 

PORTION OF STREAM SYSTEM FOR WHICH 
FLOOD STAGE PROFILES WERE DEVELOPED 

@ IDXD~II~C&T3~~L~U,","E~R OF TOPOGRAPHIC 

NOTE: I.THIS MAP IS LIMITED TO TH4T PORTION 
OF THE WATERSHED STREAM SYSTEM 
FOR WHICH FLOOD STAGE PROFILES 
HAVE BEEN DEVELOPED 

2.TOPOGRAPHIC MAPPING IS AVAILABLE 
BY U.S. PUBLIC LAND SURVEY W R T E R  
SECTION 

Source: SEWRPC. 

5 76 

3.SMALL-SCALE (I"=> MILE) FLOOD HAZARD 
AERIAL PHOTOGRABHS AND CORRESPONDING 
FLOOD STAGE AND STREAMBED PROFILES 
ARE PRESENTED IN APPENDIX G OF THIS 
REPORT 



Map H-2 

TYPICAL FLOOD HAZARD MAP OF A PORTION OF THE OAK CREEK WATERSHED 

OF A PORTION OF THE 

Source: SEWRPC. 



Table H- I  

SELECTED INFORMATION PERTAINING TO LARGE-SCALE TOPOGRAPHIC MAPPING 
IN FLOOD HAZARD AREAS IN THE OAK CREEK  WATERSHED^ 

a ~ l l  topographic maps used as a basis for flood hazard mapping are available at a horizontal scale of I inch equals 100 feet 
with a vertical contour interval of two feet. 

b ~ l l  of these maps were updated between 1976 and 1978 except for the northwest one-quarter of Section 19, Township 5 
North, Range 22 East. 

Date of Photography 
Used for Map 
Preparation 

1963 

1980 

1980 

1970 

1961b 

1983 

Identification 
Number on 

Map H-1 

1 

2 

3 

4 

5 

6 

Source: SEWRPC. 

City, Village, 
or Town 

City of Franklin 

Cities of Milwaukee 
and South Milwaukee 

Cities of Milwaukee 
and Oak Creek 

City of Oak Creek 

City of Oak Creek 

City of Franklin 

Agency or Community 
from Which Large-Scale 

Topographic Mapping 
Can be Obtained 

City of Franklin 

SEWRPC 

Milwaukee County 
Airport Department 

State of Wisconsin, 
Department of 
Transportation, 
Division of Highways 

City of Oak Creek 

SEWRPC 



Appendix I 

MODEL RESOLUTION FOR ADOPTION OF THE 
COMPREHENSIVE PLAN FOR THE OAK CREEK 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 physi- 
cal development of the Region; and 

WHEREAS, the Milwaukee Metropolitan Sewerage District and the City of South Milwaukee in November 
1982 requested the development of a comprehensive plan by the Southeastern Wisconsin Regional Planning 
Commission for the Oak Creek watershed leading to recommendations for the development of water-related 
community facilities in the watershed, 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 Oak Creek watershed; and 

WHEREAS, such plan has been completed and the Southeastern Wisconsin Regional Planning Commission 
did on the 8th day of September 1986 approve a resolution adopting the comprehensive plan for the Oak 
Creek watershed and has recommended 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 modifi- 
cation; structure floodproofing; bridge replacement or modification; floodway and floodplain regulations; 
flood insurance and other nonstructural floodland management measures; streamflow recordation; pollu- 
tion abatement facility construction; land management practices; fishery development; and navigation 
improvements at the Oak Creek mouth, and is, therefore, a desirable and workable water control and water- 
related community facility plan for the 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. 36, A Comprehensive Plan 
for the Oak Creek Watershed, published in August 1986; and 

WHEREAS, the Commission has transmitted certified copies of its resolution adopting such comprehensive 
plan for the Oak Creek watershed, together with the aforementioned SEWRPC Planning Report No. 36, to 
the local units of government; and 

WHEREAS, the (Name of Local Governing Body) has supported, participated in the financing of, and gen- 
erally concurred in the watershed and other regional planning programs undertaken by the Southeastern 
Wisconsin Regional Planning Commission and believes that the comprehensive plan for the Oak Creek 
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 t h e  day of 19-,  hereby adopts the comprehensive 
plan for the Oak Creek watershed previously adopted by the Commission as set forth in SEWRPC Planning 
Report No. 36 as a guide for watershed and community development. 

BE IT FURTHER HEREBY RESOLVED that the clerk transmit a certified copy of this resolu- 
tion to the Southeastern Wisconsin Regional Planning Commission. 

ATTESTATION : 

(Clerk of Local Governing Body) 

(President, Mayor, or Chairman 
of the Local Governing Body) 
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