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SOUTHEASTERN WISCONSIN REGIONAL PLANNIN 
916 N. EAST AVENUE • P.O. BOX 1607 • WAUKESHA, WISCONSIN 53187-1607 • 

Mr. Wallace White, Executive Director 
Milwaukee Metropolitan Sewerage District 
260 W. Seeboth Street 
Milwaukee, Wisconsin 53204 

Dear Mr. White: 

December 7,1990 

In accordance with the provisions ofthe contractual agreement entered into between the Milwaukee 
Metropolitan Sewerage District and the Regional Planning Commission, on April 25, 1985, the 
Commission has completed and is providing to you herewith a stormwater drainage and flood 
control system plan for the District. The comprehensive storm water drainage and flood control 
plan provided for in the aforereferenced agreement consists of two parts, a policy plan and a system 
plan. The policy plan, set forth in SEWRPC Community Assistance Planning Report No. 130, was 
completed in 1986 and adopted by the Milwaukee Metropolitan Sewerage District. It identifies those 
streams and watercourses for which the District, as an areawide agency, should assume jurisdiction; 
identifies the types of improvements for which the District should assume responsibility; and sets 
forth the manner in which improvement costs are to be shared between the District and benefited 
local municipalities. 

This report presents the companion system plan for stormwater drainage and flood control. The 
system plan was prepared under the guidance of an Advisory Committee. The membership of the 
Committee included knowledgeable County and local officials, representatives of the Wisconsin 
Department of Natural Resources and the District, and concerned citizens. Alternative and 
recommended flood control and related drainage system plans are presented for the streams proposed 
to be under the jurisdiction of the District for flood control purposes in the Kinnickinnic River, 
Lake Michigan Direct Drainage Area, Oak Creek, Root River, Milwaukee River, and Menomonee 
River watersheds. 

The Regional Planning Commission is appreciative of the assistance offered by the technical staffs 
of the District and of the cities and villages concerned in the preparation ofthis report. The Advisory 
Committee efforts are particularly acknowledged and appreciated. The Commission and Commission 
staff stand ready to assist the District in considering adoption of, and in administering, over time, 
this system plan. 

Sincerely, 

Kurt W. Bauer 
Executive Director 
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Chapter I 

INTRODUCTION 

The Milwaukee Metropolitan Sewerage District is 
charged by Section 66.89 of the Wisconsin Statutes 
with the function and duty of planning, designing, 
constructing, maintaining, and operating a sewer
age system for the collection, transmission, and 
disposal of all sewage and drainage generated 
within its service area. Specifically, that function 
and duty includes the provision and management 
of a system of facilities for the collection, trans
mission, and disposal of stormwater and ground
water, as well as of sanitary sewage. The District is 
accordingly authorized to plan, design, construct, 
maintain, and operate storm sewers and other 
facilities and structures for the collection and 
transmission of storm water and is authorized to 
improve watercourses within the District by 
deepening or widening or other changes needed to 
carry off surface or drainage waters.1 The District 
is also authorized to make such improvements 
outside the geographic limits of the District on any 
watercourses that flow out of the District, and may 
divert stormwater from surface watercourses into 
drains, conduits, and storm sewers. Sound public 
administration, as well as good planning and 
engineering practice, dictates that these broad 
responsibilities for stormwater management be 
carried out within explicit policy guidelines set 
forth by the governing body of the District, as well 

1 Implementation of certain drainage and flood 
control improvements within the existing geo
graphical jurisdiction of the Milwaukee Metro
politan Sewerage District may require the prior 
approval of certain regulatory agencies, including 
the Wisconsin Department of Natural Resources 
and the U. S. Army Corps of Engineers. The regula
tory process involved is complex and has been the 
subject of extended discussion between the District 
and the regulatory agencies concerned. Accord
ingly, the District should seek legal counsel prior 
to proceeding with any drainage or flood control 
project that involves the construction or hydraulic 
improvement of artificial waterways connecting 
to navigable waters; the alteration or enclosure of 
navigable waterways; the placement of deposits or 
structures in the bed of navigable waterways; the 
removal of material from the beds of navigable 
waterways; or the filling of wetlands. 

as within the context of a comprehensive storm
water drainage and flood control system plan 
consistent with those policies. 

Recognizing the need for both a policy plan and a 
system plan that could be used to guide the devel
opment over time of drainage and flood control 
facilities within the greater Milwaukee area, the 
Milwaukee Metropolitan Sewerage District on 
January 25, 1985, requested the Southeastern 
Wisconsin Regional Planning Commission to pre
pare, in cooperation with the District, a compre
hensive stormwater drainage and flood control 
plan. That plan was to consist of two elements-a 
policy plan and a system plan. In response to that 
request, the Commission prepared a prospectus 
documenting the need for the requested two-part 
plan, specifying the scope and content of that plan, 
and identifying the work required to produce the 
plan, together with means for funding and accom
plishing that work.2 Based upon that prospectus, a 
contract governing the preparation of the desired 
policy and system plans was entered into between 
the District and the Commission on April 22,1985. 

The policy plan was completed by the Regional 
Planning Commission in conjunction with the 
Milwaukee Metropolitan Sewerage District on 
March 21, 1986,3 and unanimously adopted by the 
governing body of the Milwaukee Metropolitan 
Sewerage District on June 19, 1986. On July 30, 
1986, the policy plan was transmitted by the 
Regional Planning Commission on behalf of the 
District to the governing bodies of Milwaukee 
County and the municipalities within the District 
and the District contract service area with a request 
that these governing bodies adopt the policy plan. 

2 Storm water Drainage and Flood Control Planning 
Program Prospectus for the Milwaukee Metropoli
tan Sewerage District, SEWRPC, March 1985. 

3The policY plan is documented in SEWRPC 
Community Assistance Planning Report No. 130, 
A Storm water Drainage and Flood Control Policy 
Plan for the Milwaukee Metropolitan Sewerage 
District, March 1986. 



As of June 1988, the Milwaukee County Board of 
Supervisors and nine of the 29 cities and villages 
concerned had adopted the policy plan.4 Adoption 
of the policy plan permitted work to proceed on 
the preparation of the required system plan. 

NEED FOR A STORMWATER 
MANAGEMENT PLAN 

Storm water drainage and flood control facilities 
are among the most important of public works 
influencing the development of an urbanizing 
region. The location and adequacy of these facili
ties affect the public health, safety, and welfare; 
the overall quality of the environment; recreational 
activities; industrial productivity; and the value and 
use to which land may be put, and therefore prop
erty values. If not properly attended to, stormwater 
drainage and flood control system development 
will inevitably emerge as a major obstacle to the 
sound growth and development of an area and 
become a major issue facing public officials, citizen 
leaders, and technicians. 

Storm water drainage and flood control planning 
efforts of various types are not new to the geo
graphic area served by the Milwaukee Metropolitan 
Sewerage District. Such studies have been carried 
out at various times in the past by many of the 
18 incorporated municipalities which comprise the 
District, as well as by Milwaukee County and the 
District and its predecessor agencies. Importantly, 
as of 1988 the Southeastern Wisconsin Regional 
Planning Commission had completed comprehen
sive watershed plans for the five major watersheds 
which lie wholly or partly within the District, as 
shown on Map 1. These watershed plans identify 
the flooding and water pollution problems existing 
within each watershed and make recommendations 
for the resolution of these problems. These water
shed plans, which are documented in a series of 
planning reports, were prepared over an almost 
20-year period, with the first of such plans, that 

4 The municipal plan adoption actions as of the end 
of 1986 were as follows: City of Greenfield, 
December 3, 1986; City of Franklin, September 2, 
1986; City of Wauwatosa, September 17, 1986; 
City of Milwaukee, September 23, 1986; City of 
West Allis, November 4, 1986; Village of Brown 
Deer, October 6, 1986; Village of Shorewood, 
October 6, 1986; Village of River Hills, October 16, 
1986; Milwaukee County, September 11, 1986; 
City of Oak Creek, July 7, 1987. 
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for the Root River watershed, having been com
pleted in 1966 and the last in 1986.5 These water
shed plans address flooding as opposed to drainage 
problems.6 Nevertheless, if supplemented as neces
sary to address drainage as well as flood problems, 
and if integrated over the geographic area of the 
District, these watershed plans provide a sound 
basis for the development of a comprehensive 
stormwater drainage and flood control plan for 
the District. 

The completed watershed studies document poten
tial monetary flood damages along perennial 
streams within the Milwaukee Metropolitan Sewer
age District and environs totaling about $33.3 

5 SEWRPC Planning Report No.9, A Comprehen
sive Plan for the Root River Watershed, July 1966; 
SEWRPC Planning Report No. 13, A Comprehen
sive Plan for the Milwaukee River Watershed, 
Volume One, Inventory Findings and Forecasts, 
December 1970, and Volume Two, Alternative 
Plans and Recommended Plan, October 1971; 
SEWRPC Planning Report No. 26, A Comprehen
sive Plan for the Menomonee River Watershed, 
Volume One, Inventory Findings and Forecasts, 
October 1976, and Volume Two, Alternative Plans 
and Recommended Plan, October 1976; SEWRPC 
Planning Report No. 32, A Comprehensive Plan for 
the Kinnickinnic River Watershed, December 1978; 
SEWRPC Planning Report No. 36, A Comprehen
sive Plan for the Oak Creek Watershed, August 
1986; and SEWRPC Community Assistance Plan
ning Report No. 13 (2nd Edition), Flood Control 
Plan for Lincoln Creek, Milwaukee County, Wis
consin, September 1982. 

6 The Regional Planning Commission has, for 
planning and engineering purposes, differentiated 
between flooding and stormwater drainage prob
lems. Flooding problems have been defined as 
caused by the inundation of the natural flood lands 
of a watershed that occurs along the major river 
and stream channels as a direct result of water 
moving out of, and away from, those channels. 
Storm water drainage problems have been defined 
as resulting from inundation that occurs when 
storm water runoff moving toward rivers and 
streams and other low-lying areas of a watershed 
encounters inadequate conveyance or storage 
facilities and results in localized ponding and sur
charging of natural watersheds and artificial storm 
sewers. Different techniques are thus required to 
define and address these two problems. 
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million for a 100-year recurrence interval flood 
event and almost $2.5 million on an average annual 
basis expressed in 1985 dollars. The major flood
prone reaches, as shown on Map 2, include, among 
others, reaches of the Root, Milwaukee, and 
Menomonee Rivers and Oak Creek, Underwood 
Creek, Wilson Park Creek, and Lincoln Creek. 
These damages affect literally thousands of resi
dences, businesses, and industries, as well as public 
buildings and facilities, and are accompanied by 
severe public safety and health hazards. These 
damages are, moreover, attributable solely to 
flooding, as defined by the Regional Planning 
Commission, and exclude damages caused by 
inadequate drainage or by the surcharging of 
sanitary sewers. Clearly, drainage and flood control 
problems within the District are real, costly, and 
well documented, and deserve resolution by the 
District and the local municipalities concerned. 

In addition to the serious and costly flood prob
lems that exist within the District, at least five 
other factors contribute to the need for the prepa
ration of a stormwater drainage and flood control 
plan for the District at this time. These are: 

4 

1. The need to review, update, and integrate 
into a single policy and system plan and plan 
implementation program the flood control 
recommendations contained in the compre
hensive watershed plans completed for 
the five watersheds lying wholly or partly 
within the Milwaukee Metropolitan Sewerage 
District. 

Such review, reevaluation, and integration is 
required in order to determine whether the 
flood control recommendations contained 
within the watershed plans are still valid, 
given changes which may have occurred 
since the adoption of some of the plans; to 
bring the costs and benefits to a common 
base year; and, importantly, to establish 
priorities for the needed projects between 
watersheds. 

2. The need to expand the scope of the com
pleted comprehensive watershed plans to 
include consideration of drainage as well as 
flooding problems, thereby more fully 
responding to the statu tory functions and 
duties of the District. 

3. The need to provide the Milwaukee Metro
politan Sewerage District, as an agency, with 
the documented storm water drainage and 

flood control plan which good public 
administration and planning and engineering 
practice would dictate be available as a guide 
to District actions over time directed at 
the abatement of drainage and flood con
trol problems. 

It is axiomatic that drainage and flood con
trol facilities must function as integrated 
systems over entire watersheds, and that 
system plans are therefore required for the 
resolution of drainage and flooding prob
lems. Since the Milwaukee Metropolitan 
Sewerage District encompasses a number 
of watersheds, however, it is evident that 
the proper execution of the District drain
age and flood control responsibilities also 
requires the integration of the flood control 
recommendations contained in plans for 
the individual watersheds across the entire 
District. 

4. The need to provide an opportunity for the 
local municipalities comprising the Milwau
kee Metropolitan Sewerage District and Mil
waukee County, and for concerned citizens, 
to participate in the necessary policy and 
system plan formulation. 

As already noted, drainage and flooding 
problems are among the most serious and 
costly problems of concern to local units of 
government and affected citizens. Such 
problems not only result in property damage 
and disruption of socioeconomic activities, 
but may constitute serious threats to public 
health and safety. Such problems, moreover, 
affect the development potential of real 
property, and therefore property values. 
Accordingly, the local municipalities and 
individual citizens affected by and con
cerned about these problems should be 
afforded an opportunity to guide the formu
lation of a District drainage and flood 
control policy and system plan. Only if a 
true consensus is achieved on the location, 
extent, and severity of the problems, and on 
the most effective solutions thereto, can a 
plan be said to exist within the District. 

5. The need to integrate surface water objec
tives and supporting water quality standards 
with drainage and flood control recommen
dations. 
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Recent studies conducted by the Regional 
Planning Commission and the Wisconsin 
Department of Natural Resources have 
established water use objectives and sup
porting water quality standards for all of the 
streams considered under the system plan
ning effort. It is important to consider these 
established water use objectives when 
examining alternative stormwater drainage 
and flood control measures. The evaluation 
of such alternative measures should consider 
how those measures would contribute to 
meeting the established water use objectives 
and drainage and flood control objectives. 

PURPOSE OF A STORMWATER DRAINAGE 
AND FLOOD CONTROL PLAN 

The primary purpose of the District drainage and 
flood control planning program is the development 
of two separate but interrelated plans to guide the 
staged development of needed drainage and flood 
control facilities within the District, while promot
ing implementation of adopted local and areawide 
land use plans and assuring the protection and wise 
use of the natural resource base. The resulting 
plans are intended to provide the responsible 
public officials with technically sound guides that 
can be used in the making of decisions concerning 
the need for, most effective means of, and desir
able scheduling of the construction of needed 
drainage and flood control works. More specifi
cally, the plans would: 

1. Identify those streams and watercourses for 
which the Milwaukee Metropolitan Sewerage 
District should assume jurisdiction for the 
resolution of drainage and flood control 
problems.7 

2. Provide the technical staffs concerned with a 
complete and definitive inventory of the 
location and capacity of all of the streams 
and watercourses for which the District 
should assume jurisdiction. This inventory 

7 It is recognized that, given the State Statutes 
governing the operation of the District, the term 
"jurisdiction" may have certain legal implications. 
Within the context of this policy and sYstem plan, 
however, the term is defined to mean those streams 
and watercourses for which the District is recom
mended to act as the primary management agency 
with respect to the construction and maintenance 
of needed drainage and flood control works. 
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would provide the data on the physical 
characteristics of the drainage structures and 
intervening stream reaches necessary to 
permit calculation of flood flows and stages 
and channel capacities, identification of 
reaches of inadequate capacity, and identifi
cation of the causes of those inadequacies. 

3. Provide elected and appointed public offi
cials and concerned citizens with accurate 
information on the existing and probable 
future drainage and flood control problems 
within the District; on their locations, 
extent, and severity; and on the most 
effective means for their resolution. 

As already noted, the prospectus specifies that the 
drainage and flood control plan is to consist of two 
elements-a policy plan and a system plan. The 
system plan is to identify the type, general loca
tion and horizontal and vertical alignments of , 
needed drainage and flood control facilities. To 
this end, the system plan as set forth herein recom
mends the approximate elevation, size, grade, and 
capacity of channels and appurtenant bridge water
way openings, major storm sewers, detention and 
retention basins, pumping stations, and other 
appurtenances of areawide significance, and pro
vides data on flood stages under existing and 
planned conditions and on any hazards to public 
health and safety as may be required for sound 
decisions concerning land use development and 
redevelopment relating to floodplains and flood
ways. The system plan is in sufficient depth to 
provide a sound basis for local flood control 
planning and design, as well as for proceeding with 
final engineering for the watercourse and major 
drainage projects recommended to be constructed 
by the District. Particularly careful attention has 
been given in the system planning to the provision 
of needed outlets for existing and committed local 
drainage facilities. The system plan identifies the 
costs and benefits of the recommended improve
ments and identifies an order of priority and a 
schedule for their construction over time, con
stituting, in effect, a capital improvements program 
for areawide drainage and flood control works 
within the District and District contract service 
areas. In addition, the system plan is intended to 
provide planning and engineering data useful in 
local drainage system and facility planning and 
design, and in the resolution of local drainage 
problems. This report is intended to document 
the system plan element of the overall drainage and 
flood control plan for the greater Milwaukee area. 



For purposes of the system planning, committed 
local drainage facilities were defined to include: 1) 
proposed facilities for which outlets have been 
constructed at elevations which require the related 
proposed upstream facilities for a properly func
tioning system; 2) proposed facilities for which 
tributary upstream facilities have been constructed 
which require the related proposed downstream 
facilities for a properly functioning system; and 3) 
proposed facilities documented in a locally pre
pared storm water management plan which has 
been formally adopted by the local government or 
governments concerned. 

The policy plan provides an important basis for the 
preparation of the system plan. The policy plan 
1) recommends those streams and watercourses 
for which the District, as an areawide agency, 
should assume jurisdiction; 2) recommends the 
types of improvements for which the District 
should assume responsibility; and 3) recommends 
the manner in which improvement and mainte
nance costs are to be shared between the District 
and the benefited local municipalities. The policy 
plan also provides a basis for prioritizing and 
scheduling, as a part of the system plan, the needed 
drainage and flood control improvements to be 
constructed by the District. 

ST AFF AND COMMITTEE STRUCTURE 

These policy and system plans were prepared by 
the staffs of the Regional Planning Commission 
and Milwaukee·· Metropolitan Sewerage District 
working under the guidance of an Advisory Com
mittee created for this purpose. This Committee, 
appointed jointly by the Commission and the 
District, includes representatives of the Cities of 
Milwaukee, Wauwatosa, and West Allis; the "North 
Shore" suburban units of government in Milwaukee 
County; the "South Shore" suburban units of 
government in Milwaukee County; the County; the 
Wisconsin Department of Natural Resources; and 
the District and the Regional Planning Commission; 
as well as three citizen members knowledgeable 
and concerned about drainage and flood control 
problems and related environmental problems. 

The basic purpose of the Advisory Committee was 
to actively involve the various units and agencies of 
government concerned, as well as citizen interests, 
in the drainage and flood control planning process, 
placing the knowledge and experience of the Com
mittee members at the disposal of the study and, 
to the extent practicable, ensuring intergovern
mental agreement on policy and system plan 
recommendations. The full membership of the 
Advisory Committee is set forth on the inside front 
cover of this report. 

SCHEME OF PRESENTATION 

The findings and recommendations of the system 
planning effort of the overall drainage and flood 
control planning effort are documented and 
presented in this report. In addition to this intro
ductory chapter, this report consists of 10 chapters. 
Chapter II describes the study area to be con
sidered and documents the basic inventories, water 
use objectives, and forecasts relating to those 
natural and man-made features most directly 
related to storm water drainage and flood control. 
Chapter III sets forth a set of objectives, principles, 
and standards, as well as design criteria, to be used 
in the development and evaluation of alternative 
flood control system plans. Following Chapter III, 
there are six chapters relating the plan to each of 
the major watersheds within the study area-one 
chapter for each watershed. Each chapter identifies 
the existing and probable future flooding and 
related drainage problems; describes alternative and 
recommended flood control and related drainage 
improvement measures and associated costs and 
benefits; and recommends the means for imple
menting the recommended measures. Chapter X 
presents an integrated description of the recom
mended system plans described in the six chapters 
addressing the individual watersheds, and sets forth 
a priority schedule for implementing the system 
plan. The eleventh and final chapter summarizes 
the findings and recommendations of the system 
planning effort. This report is intended to allow 
careful, critical review of the alternative plan 
elements by public officials, agency staff personnel, 
and citizen leaders within the Milwaukee Metro
politan Sewerage District and planned District 
service area, and to provide the basis for plan 
adoption and implementation by the federal, 
state, and local agencies of government concerned. 
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Chapter II 

DESCRIPTION OF THE STUDY AREA: MAN -MADE FEATURES 
AND THE NATURAL RESOURCE BASE 

INTRODUCTION 

The planning and design of urban stormwater 
drainage and flood control systems requires know
ledge about, and consideration of, certain man
made and natural features of the area to be served. 
The type, density, and spatial distribution of land 
use are important determinants of the rate and 
volume of stormwater runoff. The demography 
and the economy of the service area not only are 
determinants of the land use pattern, but are 
important in any consideration of the means of 
funding needed facilities. Stormwater drainage and 
flood control facilities also have direct and indirect 
impacts on the land use pattern of an area and on 
the resident popUlation and economy. The climate 
and weather, topography, soils, vegetation, wet
lands, and surface water features of the service area 
are also important determinants of the rate and 
volume of stormwater runoff. The land use pattern 
is supported and influenced by utility and trans
portation facilities. These natural features, together 
with others, such as the quality of the surface 
waters, must also be carefully considered to ensure 
that the proposed drainage and flood control 
facilities will not unnecessarily and adversely affect 
these invaluable resources and thereby affect the 
quality of life. Accordingly, this chapter describes 
those man-made and natural features of the plan
ning area that affect and are affected by storm
water drainage and flood control facilities. 

STUDY AREA 

Stormwater drainage and flood control facilities 
must function as an integrated system over entire 
watersheds. Land use patterns which determine the 
amount and spatial distribution of the hydraulic 
loadings to be accommodated by such facilities, 
however, develop over an entire urban region in 
response to basic social and economic forces and to 
the operation of the urban land market without 
regard to either natural watershed boundaries or 
artificial county and municipal corporate limit 
lines. The stormwater drainage and flood control 
facilities, in tum, determine to an important degree 
the use to which land may be put, particularly in 
riverine areas. These facilities often cross corporate 
limit lines, but generally do not cross watershed 
boundaries. Thus, stormwater drainage and flood 

control planning cannot be accomplished success
fully within the context of a single municipality or 
county if that municipality or county is part of a 
larger urban complex, nor can such planning be 
accomplished successfully solely within natural 
watershed areas. Rather, such planning must be 
accomplished on the basis of a geographic area 
which recognizes the configuration of the natural 
watersheds, including at a minimum, with respect 
to this study, the tributary drainage areas of those 
streams for which the Milwaukee Metropolitan 
Sewerage District has assumed jurisdiction; the 
major factors which influence the pattern of urban 
development in the greater Milwaukee area; and 
the legal and institutional factors that affect 
the development of drainage and flood control 
works of areawide significance. 

The geographic area delineated for drainage and 
flood control system planning in the greater 
Milwaukee area under the study is shown on Map 3. 
This area includes the Milwaukee Metropolitan 
Sewerage District; the balance of land in Milwaukee 
County not currently in the District, namely the 
City of South Milwaukee and the southern portions 
of the Cities of Franklin and Oak Creek; all of the 
City of Mequon and the Village of Thiensville and 
those portions of the Town and City of Cedarburg 
that are tributary to Pigeon Creek in Ozaukee 
County; those portions of the Village of German
town and the Towns of Germantown and Richfield 
that are tributary to the Menomonee River in 
Washington County; all land east of the subconti
nental divide in Waukesha County, including all of 
the Villages of Butler and Elm Grove, and portions 
of the Cities of Brookfield, Muskego, and New 
Berlin, the Village of Menomonee Falls, and the 
Towns of Brookfield and Lisbon; and portions of 
the Towns of Caledonia, Norway, and Raymond in 
Racine County, which either are part of the Dis
trict's contract service area or have lands tributary 
to streams recommended for District jurisdiction. 

The combined study area is about 379 square miles 
in extent; occupies portions of five counties in the 
Southeastern Wisconsin Region-Milwaukee, Ozau
kee, Racine, Washington, and Waukesha-and 
encompasses all or portions of 15 cities, 14 villages, 
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Map 3 

CIVIL DIVISIONS IN THE STUDY AREA: 1985 

STUDY AREA / 

"- BOUNDARY LEGEND 

MAP 
REFERENCE 

NUMBER CNIL DIVISION 

1 TOWN OF CEDARBURG 
6 2 CITY OF CEDARBURG 

3 TOWN OF RICHFIELD 

7 • TOWN OF GERMANTOWN 
5 • VIlLAGE OF GERMANTOWN 

6 CITY OF MEQUON 
7 VIlLAGE OF THIENSVILLE 

8 TOWN OF USBON 

8 VILlAGE OF MENOMONEE FALLS 

10 VilLAGE OF BUTLER 
11 CITY OF MILWAUKEE 

12 13 12 VILlAGE OF BROWN oeER 

13 VILlAGE OF RIVER HILLS 

" VIlLAGE OF BAYSIOE 
I. VILlAGE OF FOX POINT 
1B CITY OF GLENDALE 

17 VILLAGE OFWHrTEASH BAY 
9 18 TOWN OF BROOKFIELD 

19 CITY OF BROOKFIELD 
20 VILLAGE OF ELM GROVE 

16 21 CITY OF WAUWATOSA 
22 VILLAGE OF SHOREWOOD 
23 erTY OF NEW BEAUN 

10 2' CITY OF WEST AWS 

\ 2' VILLAGE OF WEST MILWAUKEE 
2. CITY OF GREENfiELD 
27 CITY OF ST. fRANCIS 
28 VILlAGE OF HALES CORNERS 
2. VILlAGE OF GREENDALE 

19 30 CITY OF CUDAHY 
31 CITY OF MUSKEGO 
32 crrv OF FRANKUN 

7- 21 33 CITY OF OAK CREEK 

20 3' CITY OF SOUTH MILWAUKEE 

3' TOWN OF NORWAY 
~ 36 TOWN OF RAYMOND 

37 TOWN OF CALEDONIA 
25 

w. , I 24 
, 

" 

26 
28 

29 

• : 

32 

33 

t 
... --'--- ".. . , 

35 • 

• Ul-

Source: SEWRPC. 
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and 8 towns. The area of each of these civil divi
sions, and the portion of the total study area lying 
within these civil divisions, are set forth in Table 1. 
Geographic boundaries of the civil divisions are an 
important consideration, since the civil divisions 
form the basic foundation of the public decision
making framework within which storm water and 
flood control problems must be addressed. 

MAN-MADE FEATURES 

Man-made features that are important to any 
storm water drainage and flood control planning 
effort include land use patterns, public utility 
networks, and transportation systems. Together 
with the population and economic activities of the 
study area, these features may be thought of as the 
socioeconomic base of the study area. A descrip
tion of the socioeconomic base of the study area is 
herein presented in four sections. The first section 
describes the demographic and economic base of 
the study area in terms of the popUlation size, 
distribution, and density, selected characteristics of 
the population, and employment levels and distri
bution. The second section describes the land use 
patterns in the study area in terms of historical 
development and current conditions. The third and 
fourth sections describe the public utility and trans
portation facility systems within the study area. 

Demographic and Economic Base 
There is a direct relationship between the resident 
population of a study area and the demand for 
land, water, and other important elements of 
the natural resource base, as well as the demand for 
transportation, utility, recreation, and other com
munity services and facilities, including drainage 
and flood control facilities. Thus, an understanding 
of the size, spatial distribution, and characteristics 
of this popUlation is essential for a sound, compre
hensive planning effort. The size and characteristics 
of the population of an area are greatly influenced 
by growth and other changes in economic activity. 
Population levels and economic activities must 
therefore be considered together. 

PopUlation Size: The resident population of the 
study area in 1985 was estimated at 1,042,600 
persons, or about 60 percent of the estimated 
1,742,700 persons then residing within the seven
county Southeastern Wisconsin Region. As shown 
in Figure 1 and Table 2, the study area exhibited 
significant increases in population from 1950 to 
1970 and a marked decline in resident population 
from 1970 through 1985. The resident population 

of the study area increased by about 208,600 per
sons, or over 23 percent, between 1950 and 1960, 
and by almost 50,000 persons, or about 5 percent, 
between 1960 and 1970. Over the 10-year from 
1970 to 1980, the study area population decreased 
by about 85,000 persons, or about 7.4 percent
from 1,151,600 in 1970 to about 1,066,400 per
sons in 1980. The population continued to decline 
from 1980 to 1985, decreasing by about 24,000 
persons, or 2.2 percent-from 1,066,400 in 1980 
to 1,042,600 in 1985. The relative gain in popula
tion in the study area from 1950 to 1960-23.4 
percent-was significantly higher than in the State 
of Wisconsin-15.1 percent-or the United States-
18.5 percent-but somewhat lower than in the 
Region-26.8 percent-during the same time 
period. The rate of popUlation increase in the 
study area from 1960 to 1970-4.5 percent-was 
lower than in the Region, the State, and the United 
States, which experienced gains of 11.6 percent, 
11.8 percent, and 13.4 percent, respectively. 
Finally, while the study area and Region experi
enced population declines from 1970 to 1985, the 
State of Wisconsin and the United States continued 
to experience population increases, although at a 
lower rate than during previous decades. 

Population Distribution: The distribution of the 
resident popUlation of the study area by civil divi
sion for the years 1950, 1960, 1970, 1980, and 
1985 is also presented in Table 2. As indicated in 
this table, only three civil divisions experienced 
popUlation declines from 1950 to 1960, and four 
civil divisions from 1960 to 1970. However, a 
majority of the civil divisions in the study area-23 
of 37, or 62 percent-experienced population 
decreases from 1970 to 1980, and 25 of 37 civil 
divisions, or 67 percent, experienced population 
declines from 1980 to 1985. The largest absolute 
loss in population from 1970 to 1985 occurred in 
the City of Milwaukee, the popUlation of which 
declined by about 105,000 persons-from 717,400 
in 1970 to about 612,100 in 1985. The largest 
absolute gain during this time period occurred in 
the City of Greenfield, the popUlation of which 
increased by over 7,600 persons-from about 
24,400 in 1970 to about 32,100 in 1985. 

The average population density by civil division 
within the study area for the year 1985 is shown 
in Table 3. As indicated in this table, the average 
popUlation density for the entire study area was 
2,753 persons per square mile. The civil divisions in 
Milwaukee County exhibited the highest popula
tion densities of all the civil divisions in the study 
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Table 1 

AREAL EXTENT OF CIVIL DIVISIONS IN THE STUDY AREA: 1985 

County or Civil 
Total County Division Area 

or Civil Included Within 
County or Division Area Study Area 

Civil Division (square miles) (square miles) 

Milwaukee County 242.44 242.44 

Village of Bayside .......... 2.38a 2.38a 

Village of Brown Deer ....... 4.37 4.37 
City of Cudahy ............ 4.80 4.80 
Village of Fox Point ......... 2.85 2.85 
City of Franklin ........... 34.69 34.69 
City of Glendale ........... 5.98 5.98 
Village of Greendale ......... 5.59 5.59 
City of Greenfield .......... 11.52 11.52 
Village of Hales Corners ...... 3.20 3.20 
City of Milwaukee .......... 96.67b 96.67b 

City of Oak Creek .......... 28.41 28.41 
Village of River Hills ........ 5.32 5.32 
City of St. Francis .......... 2.55 2.55 
Village of Shorewood ........ 1.50 1.50 
City of South Milwaukee ..... 4.82 4.82 
City of Wauwatosa .......... 13.24 13.24 
City of West Allis .......... 11.43 11.43 
Village of West Milwaukee ..... 1.12 1.12 
Village of Whitefish Bay ...... 2.11 2.11 

Ozaukee County 235.08a 50.88a 

City of Cedarburg .......... 3.26 0.17 
Town of Cedarburg ......... 26.69 2.58 
City of Mequon ............ 47.00 47.00 
Village of Thiensville ........ 1.04 1.04 

Racine County 340.47 3.06 

Town of Caledonia ......... 46.24 1.65 
Town of Norway ........... 35.68 0.07 
Town of Raymond ......... 35.75 1.34 

Washington County 435.68b 31.55b 

Village of Germantown ....... 34.50 29.28 
Town of Germantown ....... 1.72 0.76 
Town of Richfield .......... 36.37 1.49 

Waukesha County 580.60 50.72 

City of Brookfield .......... 26.30 13.59 
Town of Brookfield ......... 6.43 0.19 
Village of Butler ........... 0.80 0.80 
Village of Elm Grove ........ 3.25 3.25 
Town of Lisbon ........... 32.75 0.34 
Village of Menomonee Falls .... 33.39 18.93 
City of Muskego ........... 36.01 3.90 
City of New Berlin .......... 36.85 9.72 

Total -- 378.65 

a Includes that portion of the Village of Bayside in Ozaukee County. 

b'nc'udes that portion of the City of Milwaukee in Washington County. 

c Less than O. 1 percent. 

Source: SEWRPC. 

Percent of 
County or Civil Percent of Study 
Division Area Area Within County 

Within Study Area or Civil Division 

100.0 64.1 

100.0 0.6 
100.0 1.2 
100.0 1.3 
100.0 0.7 
100.0 9.2 
100.0 1.6 
100.0 1.5 
100.0 3.0 
100.0 0.8 
100.0 25.5 
100.0 7.5 
100.0 1.4 
100.0 0.7 
100.0 0.4 
100.0 1.3 
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Figure 1 

POPULATION OF THE STUDY AREA, THE REGION, 
WISCONSIN, AND THE UNITED STATES: 1950·1985 
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area, including the Village of Shorewood with a 
population density of almost 9,500 persons per 
square mile, the Village of Whitefish Bay with a 
population density of 6,760 persons per square 
mile, and the City of Milwaukee with a population 
density of about 6,330 persons per square mile. 
Population density in the study area is graphically 
represented on Map 4. 

Population Characteristics: Table 4 shows the 
median household income by civil division in 
the study area for the years 1959 to 1979 as 
expressed in constant 1979 dollars. The median 
1979 household income in the study area ranged 
from a low of $16,400 in the Village of West 
Milwaukee in Milwaukee County to a high of 
almost $49,000 in the Village of River Hills in 
Milwaukee County. While all of the civil divisions 
for which data are available experienced a gain in 
median household income from 1959 to 1969, 
18 of the 37 civil divisions in the study area, or 
almost 50 percent, experienced declines in median 
household income from 1969 to 1979. 

Table 5 indicates average household size by civil 
division in the study area for the years 1960, 
1970, and 1980. It is interesting to note that with 
the exception of the Town of Germantown whose 
household size remained constant, every civil 
division in the study area experienced a decline in 
household size from 1960 to 1980. As of 1970, 10 

civil divisions in the study area exhibited house
hold sizes of greater than four persons per house
hold, and only two civil divisions-the Villages of 
Shorewood and West Milwaukee in Milwaukee 
County-had average household sizes of fewer than 
three persons per household. As of 1980, one civil 
division in the study area-the Town of German
town in Washington County-had a household size 
of four persons per household, while 15 civil 
divisions exhibited household sizes of fewer than 
three persons per household. 

The median age of the resident population by civil 
division in the study area for the years 1960, 1970, 
and 1980 is presented in Table 6. A review of this 
table indicates that the population of the study 
area is aging. As of 1960, there were 27 civil divi
sions in the study area whose resident population 
had a median age of less than 30 years. In 1980, 
there were only six civil divisions in the study area 
whose population exhibited a median age of less 
than 30 years. Indeed, in 1980 three communities 
for the first time had a population whose median 
age was greater than 40 years-the Village of Fox 
Point in Milwaukee County, 41.0 years; the Village 
of Thiensville in Ozaukee County, 40.3 years; and 
the Village of Elm Grove in Waukesha County, 
42.1 years. 

Economic Base: Changes in the population of the 
study area are related to, among other factors, 
changes in economic activity within the study area. 
This is true not only because population migration 
patterns and trends within and between areas are 
dependent in part upon available job opportunities, 
but also because jobs must ultimately be available 
to sustain population increases due to natural 
increase and to prevent a forced out-migration of 
young residents entering the labor force. 

The total employment in the study area by civil 
division for the years 1972, 1980, and 1985 is 
indicated in Table 7. As shown in this table, total 
jobs in the. study area increased by more than 
53,100, or about 10 percent-from about 538,700 
in 1972 to about 591,800 in 1980. The City of 
Wauwatosa experienced the largest absolute 
increase in jobs over this time period, over 14,600, 
or 40 percent-from about 36,000 in 1972 to 
about 50,600 in 1980. The Village of West Milwau
kee experienced the largest absolute decrease, 
almost 9,300 jobs, or 46 percent-from about 
19,980 jobs in 1972 to about 10,700 jobs in 1980. 
The greatest percentage increase in jobs over this 
time period was exhibited by the City of Oak 
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Civil Division 

Milwaukee County 

Village of Baysidea ........ . 
Village of Brown Deerb ..... . 

City of Cudahy ...... . 
Village of Fox Point ... . 

City of Franklinc .. 

Town of Franklind ........ . 
City of Glendale

e 
......... . 

Town of Granvilled . 

Village of Greendale 
City of Greenfield

f .. . 
Town of Greenfieldd . .. . 

Village of Hales Corners9, . 

Town of Laked . . . 
City of Milwaukee .. . 

Town of Milwaukeed ....... . 

City of Oak Creek
h 

d . 
Town of Oak Creek ....... . 

Village of River Hills . ...... . 
City of St. Francis' .. 
Village of Shorewood . .. 

City of South Milwaukee, ..... 

~::~:~~~:::~:sa'd' . 
City of West Allis . . 

Vii lage of West Milwaukee. 
Village of Whitefish Bay . . 

Subtotal 

Ozaukee County 

City of Cedarburg . ... . 

Town of Cedarqurg . ..... . 

City of MequonJ '.' •••••• 

Town of MequonJ • •. 

Village of Thiensville . .... . 

Subtotal 

Racine County 

Town of Caledonia . .. . 

Town of Norway ......... . 
Town of Raymond. 

Subtotal 

Washington Counw 

Village of Germantown . .... 
Town of Germantown. 
Town of Richfield 

Subtotal 

Waukesha County 

City of Brookfieldk . 
Town of Brookfield . ... . 

Village of Butler . ....... . 
Village of Elm Grovel . .... . 

Town of Lisbon . ......... . 
Town of Menomonee Fallsm . 

Village of Menomonee Fallsm . 
City of Muskegon . ...... . 

Town of Muskegon . ..... . 
City of New Bertino .. 

Town of New Bertino. 

Subtotal 

Study Area Total 

Region Total 

Wisconsin Total 

United States Total 
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Table 2 

POPULATION OF THE STUDY AREA, THE REGION, WISCONSIN, 
AND THE UNITED STATES: 1950,1960,1970,1980, AND 1985 

1950 

12,182 
2,585 

3,886 

11,784 
2,752 

20,907 

18,956 
637,392 

5,857 

4,807 
567 

16,199 
12,855 
33,324 
23,941 
42,959 

5,429 
14,665 

871,047 

55 
180 

4,065 
897 

5,197 

88 
37 
98 

223 

2,173 
225 

61 

2,459 

6,399 
1,047 

12 
2,860 

251 

3,627 

14,196 

893,122 

1,240,618 

3,434,575 

1960 

3,078P 

11,280 
17,975 
7,315 

10,006 

9,537 

6,843 
17,636 

5,549 

741,324 

9,372 

1,257 
10,065 
15,990 
20,307 
56,923 

68,157 
5,043 

18,390 

1,036,047 

222 
376 

8,543 

2,507 

11,648 

1,280 
44 

136 

1,460 

4,275 
311 
94 

4,680 

14,779 
74 

2,274 
4,994 

15 

15,553 

3,104 
7,104 

47,897 

1,101,732 

1,573,614 

3,951,777 

Change 1950-60 

Absolute 

5,793 
4,730 

4,091 

103,932 

690 

-209 
7,452 

23,599 

25,198 
-386 

3,725 

165,000 

167 
196 

1,610 

6,451 

Percent 

47.6 
183.0 

148.7 

16.3 

121.7 

-1.3 
58.0 
70.8 

58.7 
-7.1 

25.4 

18.9 

303.6 
108.9 

179.5 

124.1 

1,192 1,354.5 
7 18.9 

38 38.8 

1,237 554.7 

2,102 
86 
33 

2,221 

-6,325 
1,227 

2,853 

33,701 

208,610 

332,996 

517,202 

96.7 
38.2 
54.1 

90.3 

-98.8 
117.2 

25.0 

113.7 

237.4 

23.4 

26.8 

15.1 

1970 

4,461 P 

12,582 
22,078 

7,939 
12,247 

13,426 

15,089 
24,424 

7,771 

717,3711 

13,928 

1,561 
10,489 
15,576 
23,297 
58,676 

71,649 
4,405 

17,402 

1,054,372 

540 
928 

12,150 

3,182 

16,800 

1,408 
69 

350 

1,827 

5,713 
357 
248 

6,318 

17,788 
318 

2,261 
7,201 

25 

26,975 
4,082 

13,657 

72,307 

1,151,624 

1,756,083 

4,417,821 

Change 1960-70 

Absolute Percent 

1,383 
1,302 
4,103 

624 
2,241 

3,889 

8,246 
6,788 

2,222 

-23,952 

4,556 

304 
424 

-414 
2,990 
1,753 

3,492 
-638 
-988 

18,325 

318 
552 

3,607 

675 

5,152 

128 
25 

214 

367 

1,438 
46 

154 

1,638 

3,009 
244 
-13 

2,207 
10 

11,422 

6,553 

24,410 

49,892 

182,469 

466,044 

44.9 
11.5 
22.8 

8.5 
22.4 

40.8 

120.5 
38.5 

40.0 

-3.2 

48.6 

24.2 
4.2 

-2.6 
14.7 

3.1 

5.1 
-12.7 

-5.4 

1.8 

143.2 
146.8 

42.2 

26.9 

44.2 

10.0 
56.8 

157.4 

25.1 

33.6 
14.8 

163.8 

35.0 

20.4 
329.7 

-0.6 
44.2 
66.7 

73.4 

92.2 

51.0 

4.5 

11.6 

11.8 

1980 

4,724P 

12,921 
19,547 

7,649 
16,871 

13,882 

16,928 
31,353 

7,110 

636,297Q 

16,932 

1,642 
10,095 
14,327 
21,069 
51,308 

63,982 
3,535 

14,930 

965,102 

429 
817 

16,193 

3,341 

20,780 

1,136 
56 

306 

1,498 

10,260 
106 
376 

10,742 

17,535 
139 

2,059 
6,735 

25 

23,481 
4,817 

13,516 

68,307 

1,066,429 

1,764,919 

4,705,767 

Change 1970-80 

Absolute Percent 

263 5.9 
339 2.7 

-2,531 -11.5 
-290 -3.7 

4,624 37.8 

456 3.4 

1,839 12.2 
6,929 28.4 

-661 -8.5 

-81,075 -11.3 

3,004 21.6 

81 5.2 
-394 -3.8 

-1,249 -8.0 
-2,228 -9.6 
-7,368 -12.6 

-7,667 -10.7 
-870 -19.8 

-2,472 -14.2 

-89,270 -8.5 

-111 -20.6 
-111 -12.0 

4,043 33.3 

159 5.0 

3,980 23.7 

-272 -19.3 
-13 -18.8 
-44 -12.6 

-329 -18.0 

4,547 79.6 
-251 -70.3 
128 51.6 

4,424 70.0 

-253 -1.4 
-179 -56.3 
-202 -8.9 
-466 -6.5 

0.0 

-3,494 -13.0 
735 18.0 

-141 -1.0 

-4,000 -5.5 

-85,195 -7.4 

8,836 0.5 

287,946 6.5 

1985 

4,689P 

12,599 
19,042 
7,174 

18,530 

13,625 

16,770 
32,050 

6,842 

612,085Q 

18,002 

1,639 
9,724 

14,247 
20,512 
50,234 

64,066 
3,595 

14,264 

939,689 

358 
787 

16,003 

3,104 

20,252 

1,056 
52 

272 

1,380 

11,434 
119 
408 

11,961 

18,860 
139 

2,002 
6,239 

25 

23,311 
4,805 

13,930 

69,311 

1,042,593 

1,742,700 

4,779,021 

Change 1980-85 

Absolute Percent 

-35 
-332 
-505 
-475 

1,659 

-257 

-158 
697 

-268 

-24,212 

1,070 

-3 
-371 

-80 
-557 

-1,074 

84 
60 

-666 

-25,413 

-0.7 
-2.5 
-2.6 
-6.2 
9.8 

-1.9 

-0.9 
2.2 

-3.8 

-3.8 

6.3 

-0.2 
-3.7 
-0.6 
-2.6 
-2.1 

0.1 
1.7 

-4.5 

-2.6 

-71 -16.6 
-30 -3.7 

-190 -1.2 

-237 -7.1 

-528 -2.5 

-80 -7.0 
-4 -7.1 

-34 -11.1 

-118 -7.9 

1,174 11.4 
13 12.3 
32 8.5 

1,219 11.3 

1,325 
o 

-57 
-496 

o 

-170 
-12 

414 

1,004 

-23,836 

-22,219 

73,254 

7.6 
0.0 

-2.8 
-7.4 
0.0 

-0.7 
-0.2 

3.1 

1.5 

-2.2 

-1.3 

1.6 

151,325,798 179,323,175 27,997,377 18.5 203,302,031 23,978,856 13.4 226,504,825 23,202,794 11.4 237,677,000 11,173,175 4.9 



Footnotes to Table 2 

aThe Village of Bayside was incorporated in 1953. 

b The Village of Brown Deer was incorporated in 1955. 

c The City of Franklin was incorporated in 1956. 

d Between 1950 and 1960, all remaining unincorporated territory in Milwaukee County became incorporated either through annexation to existing cities and villages or through direct incorporation, and the 
Towns of Franklin, Granville, Greenfield, Lake, Milwaukee, Oak Creek, and Wauwatosa ceased to exist. 

e The City of Glendale was incorporated in 1950 after the conduct of the 1950 census. 

fThe City of Greenfield was incorporated in 1957. 

gThe Village of Hales Corners was incorporated in 1952. 

hThe City of Oak Creek was incorporated in 1955. 

iThe City of St. Francis was incorporated in 1951. 

i ln 1957, the remaining territory of the Town of Mequon was incorporated as the City of Mequon, and the Town of Mequon ceased to exist. 

k The City of Brookfield was incorporated in 1954. 

IThe Village of Elm Grove was incorporated in 1955. 

m Between 1950 and 1960, the remaining territory of the Town of Menomonee was annexed by the Village of Menomonee Falls, and the Town of Menomonee ceased to exist. 

n In 1964, the Town of Muskego was incorporated as the CitY of Muskego, and the Town of Muskego ceased to exist. 

o In 1959, the Town of New Berlin was incorporated as the City of New Berlin, and the Town of New Berlin ceased to exist. 

PSetween 1953 and 1960, the Village of Bayside annexed territory in Ozaukee County. The populations presented for the Village in 1960, 1970, 1980, and 1985 include the population of that portion of the 
Village in Ozaukee County. 

q In 1963, the City of Milwaukee annexed territory in Washington County. The populations presented for the City in 1970, 1980, and 1985 include the population of that portion of the City in Washington 
County. 

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

Creek, which experienced a 220 percent increase in 
jobs over this time period-from about 3,670 jobs 
in 1972 to over 11,900 jobs in 1980. 

Total jobs in the study area increased by about 
400, or less than 1 percent-from about 591,800 
in 1980 to about 592,200 in 1985. The City of 
Brookfield experienced the largest absolute increase 
in jobs over this time period, about 4,000, or about 
23 percent-from about 17,400 in 1980, to about 
21,400 in 1985. The City of Milwaukee experi
enced the largest absolute decrease, almost 7,800 
jobs, representing about a 2 percent decrease-from 
about 348,900 jobs in 1980 to about 341,100 jobs 
in 1985. The greatest percentage increase in jobs 
over this time period was exhibited by the Village 
of Bayside, which experienced an increase of about 
340 jobs-from about 500 jobs in 1980 to about 
840 jobs in 1985, an increase of about 67 percent. 

Table 8 sets forth total employment by major 
industry group in the study area for the years 
1972, 1980, and 1985. As indicated in this table, 

the "industrial" group provided the largest number 
of jobs in the study area in 1972--over 208,900 
jobs, or almost 39 percent. Service jobs exhibited 
the largest absolute and percentage increase from 
1972 to 1980, increasing by about 31,500 jobs, or 
over 21 percent-from 148,780 jobs in 1972 to 
about 180,300 jobs in 1980. 

In 1985, the service group provided the largest 
number of jobs, over 199,100, or about 34 percent 
of the jobs in the study area. The service group also 
exhibited the largest absolute and percentage 
increases during the 1980 to 1985 time period, 
increasing by about 18,800 jobs, or about 10 per
cent, over the 180,300 such jobs in 1980. The 
industrial group exhibited the largest absolute 
decrease during the 1980 to 1985 time period, 
decreasing by about 27,700 jobs, or about 13 
percent-from about 210,400 jobs in 1980 to 
about 182,700 jobs in 1985. 

Employment density as indicated by the number 
of jobs per square mile in the study area in 1985 is 
shown on Map 5. 
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Table 3 

TOTAL POPULATION AND DENSITY IN THE STUDY AREA: 1985 

Percent of Average Gross 
Population Percent of Area Included Study Area Population 

Within Study Area in Study Area Within Civil Density per 
Civil Division Study Area Population (square miles) Division Square Mile 

Milwaukee County 

Village of Bayside .......... 4,689a 0.45 2.38a 0.6 1,970 
Village of Brown Deer ....... 12,599 1.21 4.37 1.2 2,883 
City of Cudahy ............ 19,042 1.83 4.80 1.3 3,967 
Village of Fox Point ......... 7,174 0.69 2.85 0.7 2,517 
City of Franklin ........... 18,530 1.78 34.69 9.2 534 
City of Glendale ........... 13,625 1.31 5.98 1.6 2,278 
Village of Greendale ......... 16,770 1.61 5.59 1.5 3,000 
City of Greenfield .......... 32,050 3.07 11.52 3.0 2,782 
Village of Hales Corners ...... 6,842 0.66 3.20 0.8 2,138 
City of Milwaukee .......... 612,085b 58.71 96.67b 25.5 6,332 
City of Oak Creek .......... 18,002 1.73 28.41 7.5 634 
Village of River Hills ........ 1,639 0.16 5.32 1.4 308 
City of St. Francis .......... 9,724 0.93 2.55 0.7 3,813 
Village of Shorewood ........ 14,247 1.37 1.50 0.4 9,498 
City of South Milwaukee ..... 20,512 1.97 4.82 1.3 4,256 
City of Wauwatosa .......... 50,234 4.82 13.24 3.5 3,794 
City of West Allis .......... 64,066 6.14 11.43 3.0 5,605 
Village of West Milwaukee ..... 3,595 0.34 1.12 0.3 3,210 
Village of Whitefish Bay ...... 14,264 1.37 2.11 0.6 6,760 

Subtotal 939,689 90.13 242.55 64.1 3,874 

Ozaukee County 

City of Cedarburg .......... 358 0.03 0.17 .. c 2,106 
Town of Cedarburg ......... 787 0.08 2.58 0.7 305 
City of Mequon ............ 16,003 1.53 47.00 12.4 340 
Village of Thiensville ........ 3,104 0.30 1.04 0.3 2,985 

Subtotal 20,252 1.94 50.79 13.4 399 

R aci ne Cou nty 

Town of Caledonia . . . . . . . . . 1,056 0.10 1.65 0.4 640 
Town of Norway ........... 52 .. c 0.07 .. c 743 
Town of Raymond ......... 272 0.03 1.34 0.4 203 

Subtotal 1,380 0.13 3.06 0.8 451 

Washington County 

Village of Germantown ....... 11,434 1.10 29.28 7.7 391 
Town of Germantown ....... 119 0.01 0.76 0.2 157 
Town of Richfield .......... 408 0.04 1.49 0.4 274 

Subtotal 11,961 1.15 31.53 8.3 379 

Waukesha County 

City of Brookfield .......... 18,860 1.81 13.59 3.6 1,388 
Town of Brookfield ......... 139 0.01 0.19 .. c 732 
Village of Butler ........... 2,002 0.19 0.80 0.2 2,503 
Village of Elm Grove ........ 6,239 0.60 3.25 0.9 1,920 
Town of Lisbon ........... 25 .. c 0.34 0.1 74 
Village of Menomonee Falls .... 23,311 2.24 18.93 5.0 1,231 
City of Muskego ........... 4,805 0.46 3.90 1.0 1,232 
City of New Berlin .......... 13,930 1.34 9.72 2.6 1,433 

Subtotal 69,311 6.65 50.72 13.4 1,367 

Total 1,042,593 100.00 378.65 100.0 2,753 

a Includes that portion of the ViI/age of Bayside in Ozaukee County. 

b'ncludes that portion of the City of Milwaukee in Washington County. 

c Less than 0.05 percent. 

Source: Wisconsin Department of Administration and SEWRPC. 
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Map 4 

POPULATION DENSITY IN THE STUDY AREA: 1985 
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Table 4 

MEDIAN HOUSEHOLD INCOME IN THE STUDY AREA: 1959,1969, AND 1979 

Median Household Incomea Change 1959-1979 
-

Civil Division 1959b 1969b 1979 Number Percent 

Milwaukee County 

Village of Bayside .......... $ --c $43,744 $42,848 -- --
Village of Brown Deer ....... 19,174 27,151 25,888 6,714 35.0 
City of Cudahy ............ 16,328 20,514 20,305 3,977 24.4 
Village of Fox Point ......... --c 36,115 34,614 -- --
City of Franklin ........... 17,143 23,158 25,464 8,321 48.5 
City of Glendale ........... 19,516 27,465 27,195 7,679 39.3 
Village of Greendale ......... 18,491 26,726 27,718 9,227 50.0 
City of Greenfield .......... 18,647 23,353 22,137 3,490 18.7 
Village of Hales Corners ...... 21,240 27,380 24,892 3,652 17.2 
City of Milwaukee .......... 14,104 16,437 16,028 1,924 13.6 
City of Oak Creek .......... 16,851 22,615 23,413 6,562 38.9 
Village of River Hills ........ N/A 43,280 48,766 -- --
City of St. Francis .......... 15,310 18,478 20,231 4,921 32.1 
Village of Shorewood ........ 18,847 21,030 19,570 723 3.8 
City of South Milwaukee ..... 16,848 21,555 20,850 4,002 23.7 
City of Wauwatosa .......... 19,769 23,492 23,288 3,519 17.8 
City of West Allis .......... 16,197 19,917 18,686 2,489 15.4 
Village of West Milwaukee ..... 14,681 16,972 16,430 1,749 11.9 
Village of Whitefish Bay ...... 25,535 29,707 29,130 3,595 14.1 

Ozaukee County 

City of Cedarburg .......... 15,449 23,187 22,716 7,267 47.0 
Town of Cedarburg ......... N/A 25,105 30,462 -- --
City of Mequon ............ 18,426 28,238 33,510 15,084 81.9 
Village of Thiensville ........ 19,722 26,788 23,385 3,663 18.6 

Racine County 

Town of Caledonia ......... N/A 23,215 25,815 -- --
Town of Norway ........... N/A 19,777 23,685 -- --
Town of Raymond ......... N/A 21,413 23,329 -- --

Washington County 

Village of Germantown ....... N/A 25,415 25,314 -- --
Town of Germantown ....... N/A 19,586 25,313 -- --
Town of Richfield .......... N/A 22,972 27,099 -- --

Waukesha County 

City of Brookfield .......... 21,746 31,037 32,159 10,413 47.9 
Town of Brookfield ......... N/A 27,278 30,979 -- --
Vi lIage of Butler .......... N/A 23,459 10,444 -- --
Village of Elm Grove ........ --c 35,754 38,922 -- --
Town of Lisbon ........... N/A 24,533 27,487 -- --
Village of Menomonee Falls .... 17,852 25,671 26,804 8,952 50.1 
City of Muskego ........... N/A 23,994 25,648 -- --
Town of Muskegod ......... N/A -- -- -- --
City of New Berlin .......... 18,290 25,902 28,547 10,257 56.1 

NOTE: N/A indicates data not available. 

aMedian income values shown are for entire municipality. 

bOata have been converted to constant 1979 dollars. 

c 1960 Census did not compute an actual medium value for this community, but rather listed the median value as greater 
than $10,000. 

dThe Town of Muskego was incorporated as part of the City of Muskego between 1960 and 1970. 

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



Table 5 

PERSONS PER HOUSEHOLD IN THE STUDY AREA: 1960,1970, AND 1980 

Persons per Householda Change 1960-19BO 

Civil Division 1960 1970 19BO Number Percent 

Milwaukee County 

Village of Bayside ...•...... 3.7 3.6 3.0 -0.7 -lB.9 
Village of Brown Deer ....... 4.0 3.6 2.B -1.2 -30.0 
City of Cudahy ........•... 3.4 3.2 2.B -0.6 -17.6 
Village of Fox Point ......... 3.6 3.4 3.3 -0.3 -B.3 
City of Franklin ........... 4.0 4.0 3.0 -1.0 -25.0 
City of Glendale ........... 3.4 3.4 2.7 -0.7 -20.6 
Village of Greendale ......... 3.7 3.B 3.1 -0.6 -16.2 
City of Greenfield .......... 3.B 3.5 2.6 -1.2 -31.6 
Village of Hales Corners ...... 3.B 3.6 2.B -1.0 -26.3 
City of Milwaukee .......... 3.1 3.0 2.6 -0.5 -16.1 
City of Oak Creek .......... 4.0 3.9 3.0 -1.0 -25.0 
Village of River Hills ........ 3.5 3.4 3.1 -0.4 -11.4 
City of St. Francis .......... 3.B 3.3 2.5 -1.3 -34.2 
Village of Shorewood ........ 2.B 2.6 2.2 -0.6 -21.4 
City of South Milwaukee ..... 3.6 3.5 2.B -O.B -22.2 
City of Wauwatosa .......... 3.2 3.1 2.6 -0.6 -lB.B 
City of West Allis .......... 3.3 3.0 2.5 -O.B -24.2 
Village of West Milwaukee ..... 2.7 2.4 2.0 -0.7 -25.9 
Village of Whitefish Bay ...... 3.5 3.2 3.4 -0.1 -2.9 

Ozaukee County 

City of Cedarburg .......... 3.5 3.4 2.7 -O.B -22.9 
Town of Cedarburg ......... 3.B 3.9 3.5 -0.3 -7.9 
City of Mequon ............ 3.6 3.B 3.1 -0.5 -13.9 
Village of Thiensville ........ 3.7 3.6 2.5 -1.2 -32.4 

Racine County 

Town of Caledonia ......... 3.9 3.9 3.3 -0.6 -15.4 
Town of Norway ........... 3.7 3.7 3.4 -0.3 -B.l 
Town of Raymond ......... 3.9 4.0 3.4 -0.5 -12.B 

Washington County 

Village of Germantown ....... 3.B 4.0 3.1 -0.7 -18.4 
Town of Germantown ....... 4.0 3.6 4.0 0.0 0.0 
Town of Richfield .......... 4.0 3.9 3.5 -0.5 -12.5 

Waukesha County 

City of Brookfield ..•....... 3.9 3.9 3.3 -0.6 -15.4 
Town of Brookfield ......... 3.9 3.9 3.5 -0.4 -10.3 
Village of Butler ........... 3.9 3.7 2.6 -1.3 -33.3 
Village of Elm Grove ........ 3.9 3.8 3.0 -0.9 -25.6 
Town of Lisbon ........... 4.1 3.9 3.5 -0.6 -24.4 
Village of Menomonee Falls .... 3.9 4.0 3.1 -O.B -20.5 
City of Muskegob .......... -- 3.9 3.3 -- --
Town of Muskegob ......... 3.9 -- -- -- --
City of New Berlin .......... 4.0 4.0 3.3 -0.7 -17.5 

apersons per houshold rates are for entire municipality. 

b The Town of Muskego was incorporated as part of the City of Muskego between 1960 and 1970. 

Source: U. S. Bureau of the Census and SEWRPC. 
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Table 6 

MEDIAN AGE IN THE STUDY AREA: 1960, 1970, AND 1980 

Median Agea Change 1960-1980 

Civil Division 1960 1970 1980 Number Percent 

Milwaukee County 

Village of Bayside .......... 28.2 32.2 39.6 11.4 40.4 

Village of Brown Deer ....... 25.0 26.6 32.7 7.7 30.8 
City of Cudahy. . . . . . . . . . . . 27.9 26.6 30.4 2.5 8.9 
Village of Fox Point ......... 32.0 34.3 41.0 9.0 28.1 
City of Franklin ........... 25.5 23.6 28.8 3.3 12.9 
City of Glendale ........... 30.7 35.2 39.5 8.8 28.7 
Village of Greendale ......... 25.2 23.6 30.6 5.4 21.4 
City of Greenfield .......... 26.9 27.2 31.8 4.9 18.2 
Village of Hales Corners ...... 27.7 27.7 33.8 6.1 22.0 
City of Milwaukee .......... 30.4 28.2 28.8 -1.6 -5.3 
City of Oak Creek .......... 23.7 22.9 28.2 4.5 19.0 
Village of River Hills ........ 34.3 34.2 36.7 2.4 7.0 
City of St. Francis .......... 25.7 26.9 30.1 4.4 17.1 
Village of Shorewood ........ 39.2 36.4 34.4 -4.8 -12.2 
City of South Milwaukee ..... 26.4 25.9 30.3 3.9 14.8 
City of Wauwatosa .......... 37.6 35.9 36.9 -0.7 -1.9 
City of West Allis .......... 30.7 30.5 33.5 2.8 9.1 
Village of West Milwaukee ..... 38.1 38.9 38.2 0.1 0.3 
Village of Whitefish Bay ...... 32.2 32.7 35.7 3.5 10.9 

Ozaukee County 

City of Cedarburg .......... 27.4 26.8 31.9 4.5 16.4 
Town of Cedarburg ......... 26.5 24.1 30.6 4.1 15.5 
City of Mequon ............ 29.2 28.4 33.0 3.8 13.0 
Village of Thiensville ........ 27.8 30.1 40.3 12.5 45.0 

Racine County 

Town of Caledonia ......... 24.6 23.0 28.3 3.7 15.0 
Town of Norway ........... 25.7 24.7 28.7 3.0 11.7 
Town of Raymond ......... 25.2 22.9 28.8 3.6 14.3 

Washington County 

Village of Germantown ....... 25.0 22.4 27.9 2.9 11.6 
Town of Germantown ....... 24.3 25.2 27.6 3.3 13.6 
Town of Richfield .......... 23.6 23.1 28.1 4.5 19.1 

Waukesha County 

City of Brookfield .......... 27.7 26.5 34.7 7.0 25.3 
Town of Brookfield ......... 26.1 25.2 31.3 5.2 19.9 
Village of Butler ........... 23.4 24.3 31.9 8.5 25.3 
Village of Elm Grove ........ 31.6 32.0 42.1 10.5 33.2 
Town of Lisbon ........... 23.3 24.5 29.3 6.0 25.8 
Village of Menomonee Falls .... 23.8 22.3 31.1 7.3 30.7 
City of Muskegob .......... -- 23.8 29.6 -- --
Town of Muskegob ......... 25.4 -- -- -- --
City of New Berlin .......... 25.2 23.2 30.3 5.1 20.2 

aMedian ages shown are for entire municipality. 

bThe Town of Muskego was incorporated as part of the City of Muskego between 1960 and 1970. 

Source: U. S. Bureau of the Census and SEWRPC. 
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Table 7 

TOTAL EMPLOYMENT IN THE STUDY AREA: 1972,1980, AND 1985 

Employment 

Change 1972-1980 Change 1980-1985 

Civil Division 1972 1980 Number Percent 1985 Number Percent 

Milwaukee County 

Village of Bayside .......... 512 506 -6 -1.2 846 340 67.2 

Village of Brown Deer ....... 3,577 5,521 1,944 54.3 6,969 1,448 26.2 

City of Cudahy ............ 10,772 14,162 3,390 31.5 12,419 -1,743 -12.3 

Village of Fox Point ......... 1,326 1,959 633 47.7 2,066 107 5.5 

City of Franklin ........... 1,937 3,567 1,630 84.2 3,948 381 10.7 

City of Glendale ........... 18,114 20,500 2,386 13.2 20,668 168 0.8 

Village of Greendale ......... 4,749 6,281 1,532 32.3 6,885 604 9.6 

City of Greenfield .......... 5,291 7,735 2,444 46.2 9,717 1,982 25.6 

Village of Hales Corners ...... 1,974 2,481 507 25.7 2,990 509 20.5 
City of Milwaukee .......... 351,227 348,850 -2,377 -0.7 341,085 -7,765 -2.2 
City of Oak Creek .......... 3,673 11,924 8,251 224.6 15,131 3,207 26.9 
Village of River Hills ........ 623 836 213 34.2 1,090 254 30.4 
City of St. Francis .......... 1,472 2,597 1,125 76.4 2,711 114 4.4 
Village of Shorewood ........ 3,105 3,304 199 6.4 3,873 569 17.2 
City of South Milwaukee ..... 4,779 7,802 3,023 63.3 6,187 -1,615 -20.7 
City of Wauwatosa .......... 36,031 50,630 14,599 40.5 52,503 1,873 3.7 
City of West Allis .......... 36,202 39,822 3,620 10.0 36,506 -3,316 -8.3 
Village of West Milwaukee ..... 19,978 10,720 -9,258 -46.3 6,883 -3,837 -35.8 
Village of Whitefish Bay ...... 3,043 2,935 -108 -3.5 2,504 -431 -14.7 

Subtotal 508,385 542,132 33,747 6.6 534,981 -7,151 -1.3 

Ozaukee County 

City of Cedarburg .......... -- -- -- -- -- -- --
Town of Cedarburg ......... 53 40 -13 -24.5 26 -14 -35.0 
City of Mequon ............ 3,855 5,718 1,863 48.3 7,615 1,897 33.2 
Village of Thiensville ........ 1,038 1,191 153 14.7 1,120 -71 -6.0 

Subtotal 4,946 6,949 2,003 40.5 8,761 1,812 26.1 

Racine County 

Town of Caledonia ......... 52 90 38 73.1 88 -2 -2.2 
Town of Norway ........... -- -- -- -- -- -- --
Town of Raymond ......... 4 7 3 75.0 7 0 0.0 

Subtotal 56 97 41 73.2 95 -2 -2.1 

Washington County 

Village of Germantown ....... 1,193 2,869 1,676 140.5 2,970 101 3.5 
Town of Germantown ....... 30 121 91 303.3 120 -1 -0.8 
Town of Richfield .......... 51 69 18 35.3 69 0 0.0 

Subtotal 1,274 3,059 1,785 140.1 3,159 100 3.3 

Waukesha County 

City of Brookfield .......... 9,907 17,396 7,489 75.6 21,414 4,018 23.1 
Town of Brookfield ......... -- -- -- -- -- -- --
Village of Butler ........... 2,314 4,148 1,834 79.3 3,759 -389 -9.4 
Village of Elm Grove ........ 1,181 1,842 661 56.0 1,825 -17 -0.9 
Town of Lisbon ........... -- -- -- -- -- -- --
Village of Menomonee Falls .... 8,714 13,543 4,829 55.4 15,453 1,910 14.1 
City of MUskego ........... 319 854 535 167.7 718 -136 -15.9 
City of New Berlin .......... 1,608 1,806 198 12.3 2,004 198 11.0 

Subtotal 24,043 39,589 15,546 64.7 45,173 5,584 14.1 

Total 538,704 591,826 53,122 9.9 592,169 343 0.1 

Source: Wisconsin Department of Industry. Labor and Human Relations; and SEWRPC. 
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Table 8 

TOTAL EMPLOYMENT BY MAJOR INDUSTRY GROUP IN THE STUDY AREA: 1972, 1980, AND 1985 

1972 1980 Change 1972-1980 1985 Change 1980-1985 

Industry Group Number Percent Number Percent Number Percent Number Percent Number Percent 

Agricultural ....... 5,558 1.0 3,491 0.6 -2,067 -37.2 3,073 0.5 -418 -12.0 
Retail ........... 83,821 15.6 89,393 15.1 5,572 6.6 93,253 15.7 3,860 4.3 
Service .......... 148,780 27.6 180,303 30.5 31,523 21.2 199,121 33.6 18,818 10.4 
Industrial. ........ 208,972 38.8 210,394 35.5 1,422 0.7 182,746 30.9 -27,648 -13.1 
Governmental 

and Institutional. ... 64,043 11.9 78,120 13.2 14,077 22.0 83,398 14.1 5,278 6.8 
Transportation, 

Communication, 
and Utilities ...... 27,530 5.1 30,125 5.1 2,595 9.4 30,578 5.2 453 1.5 

Total 538,704 100.0 591,826 100.0 53,122 9.9 592,169 100.0 343 0.1 

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

Land Use 
As already noted, the type, density, and spatial 
distribution of land uses are important determi
nants of the rate, volume, and quality of storm
water runoff, as well as the intensity of flooding 
and dollar amount of flood damages. The amount 
and spatial distribution of impervious areas, and 
the type of storm water drainage facilities, vary 
with land use. The existing land use pattern in the 
study area can best be understood within the 
context of its historical development. Accordingly, 
attention is focused herein on historical as well as 
existing land use development patterns within the 
study area. 

Historical Growth Patterns: The first permanent 
European settlement within the study area was a 
trading post established in 1795 on the east side of 
the Milwaukee River just north of what is now 
Wisconsin Avenue. The movement of European 
settlers into the Region was well underway by 
1830, and most of the cities and villages within the 
study area can trace their origins to trading posts 
and mills established in the early nineteenth 
century. Completion of the U. S. Public Land 
Survey in the Region by 1836 and subsequent sale 
of public lands brought many settlers from New 
England, Germany, Austria, and Scandanavia. By 
the late 1800's, there were many small scattered 
areas of urban development within the study area. 
In addition to the larger urban center associated 
with the City of Milwaukee, traces of early urban 
development are evident in many of the smaller 
communities within the study area. These include 
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the Cities of Cudahy, South Milwaukee, and 
Wauwatosa in Milwaukee County, the Village of 
Thiensville and the unincorporated community of 
Freidstadt, which is now in the City of Mequon, in 
Ozaukee County, the Village of Germantown in 
Washington County, and the Villages of Elm Grove 
and Menomonee Falls in Waukesha County. The 
pattern of historical urban growth in the study 
area from the years 1850 to 1985 is shown on 
Map 6. 

Existing Land Use: The general pattern of existing 
land use within the study area for the years 1963, 
1970, 1980, and 1985 is indicated in Table 9. 
Urban land uses encompassed over 176 square 
miles, or about 47 percent, of the study area in 
1963. Residential land uses and transportation, 
communication, and utility uses together encom
passed over 142 square miles, or almost 38 percent, 
of the study area in 1963. Urban lands in the study 
area increased to more than 198 square miles, or 
over 52 percent, of the study area in 1970, and to 
216 square miles, or over 57 percent, of the study 
area in 1980. By 1985, urban land uses encom
passed over 221 square miles, or more than 58 per
cent of the study area. The largest increases in 
urban land uses during this time period occurred in 
residential land use, which increased by over 19 
square miles, and transportation and communica
tion utility land uses, which increased over 15 
square miles. Rural land uses, consisting primarily 
of agricultural and other open lands, decreased by 
45 square miles-from about 202 square miles in 
1963 to about 157 square miles in 1985. 
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EMPLOYMENT DENSITY IN THE STUDY AREA : 1985 
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Map 6 

HISTORICAL URBAN DEVELOPMENT IN THE STUDY AREA: 1850·1985 
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Table 9 

lAND USE IN THE STUDY AREA: 1963,1970,1980, AND 1985 

1963 1970 

Land Use Square Square 
Category Miles Percent Miles Percent 

Urban 

Residential ........ 88.4 23.4 96.6 25.6 
Commercial ....... 4.8 1.3 5.5 1.4 
Industrial ......... 7.1 1.9 8.0 2.1 
Transportation, 

Communication, 
and Utilities ...... 53.8 14.2 62.7 16.6 

Governmental 
and I nstitutiona I .... 11.4 3.0 12.9 3.4 

Recreational ....... 10.9 2.9 12.5 3.3 

Subtotal 176.4 46.7 198.2 52.4 

Rural --
Agricultural ....... 123.8 32.7 106.5 28.2 
Open Land ........ 77.8 20.6 73.3 19.4 

Subtotal 201.6 53.3 179.8 47.6 

Total 378.0 100.0 378.0 100.0 

Source: SEWRPC. 

The 1985 land uses in the study area are shown on 
Map 7. 

Public Utility Base 
Sanitary Sewer Service: In 1985, sanitary sewage 
generated within the study area was conveyed to 
and treated at six public sewage treatment plants. 
Two of these plants, the Jones Island sewage 
treatment plant and the South Shore sewage 
treatment plant, are operated by the Milwaukee 
Metropolitan Sewerage District, which serves the 
entire study area except that portion in the City of 
Cedarburg which is tributary to the City of Cedar
burg sewage treatment plant; that portion in the 
Village of Germantown which is tributary to the 
Village of Germantown sewage treatment plant; 
that portion in the Village of Thiensville which is 
tributary to the Village of Thiensville sewage 
treatment plant; and that portion in the City of 
South Milwaukee which is tributary to the City of 
South Milwaukee sewage treatment plant. In 1987, 
the Village of Germantown and Village of Thiens
ville sewage treatment plants were in the process of 
abandonment, with the tributary areas to be con
nected to the Milwaukee metropolitan sewerage 
system. 

1980 1985 Change 1963-1985 

Square Square Square 
Miles Percent Miles Percent Miles Percent 

105.7 28.0 107.8 28.5 19.4 21.9 
6.4 1.7 6.8 1.8 2.0 41.7 
9.2 2.4 9.8 2.6 2.7 38.0 

68.1 18.0 69.2 18.3 15.4 28.6 

13.3 3.5 13.4 3.5 2.0 17.5 
13.7 3.6 14.4 3.8 3.5 32.1 

216.4 57.2 221.4 58.5 45.0 25.5 

93.1 24.7 88.0 23.4 -35.8 -28.9 
68.5 18.1 68.6 18.1 -9.2 -11.8 

161.6 42.8 156.6 41.5 -45.0 -22.3 

378.0 100.0 378.0 100.0 -- --

The existing public sanitary sewer service area and 
the location of the existing sewage treatment 
facilities within the study area are shown on 
Map 8. About 221 square miles, or 58 percent of 
the total study area, and approximately 1,019,900 
persons, or about 98 percent of the total study 
area population, were served by public sanitary 
sewerage facilities in 1985. 

Water Supply Service: Most of the water supply 
service within the study area is provided by public 
water utilities. In 1985, there were a total of 21 
publicly owned water utilities within the study 
area. The existing service areas of these utilities is 
shown on Map 9. In addition to the publicly 
owned water utilities, there were 105 nonmunici
pal cooperatively owned residential water supply 
systems within the study area. Many of these sys
tems served isolated enclaves of residential devel
opment and are governed by Chapters NR 108, 
109, 111, and 112 of the Wisconsin Administrative 
Code. The locations of these 105 private water 
supply systems are also shown on Map 9. About 
188 square miles, or about 50 percent of the total 
study area, and approximately 962,500 persons, or 
92 percent of the total study area population, 
were served with public water supply facilities 
in 1985. 
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Map 7 

LAND USE IN THE STUDY AREA: 1985 
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Map 8 

EXISTING PUBLIC SANITARY SEWER SERVICE AREAS IN THE STUDY AREA: 1985 
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Map 9 

EXISTING PUBLIC WATER UTILITY SERVICE AREAS IN THE STUDY AREA: 1985 
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Electric Power and Gas Service: Electric power is 
provided to all portions of the study area by the 
Wisconsin Electric Power Company, while natural 
gas service is provided in part by the Wisconsin 
Natural Gas Company and in part by the Wisconsin 
Gas Company. Both electric power and natural gas 
service may be considered to be ubiquitous within 
the study area and thus do not constitute a con
straint on the location or intensity of urban devel
opment within the study area. 

Transportation Facilities 
Highways: As shown on Map 10, in 1985 the study 
area was served by an extensive street and highway 
system, including about 85 linear miles of freeway 
and about 905 linear miles of surface arterials. In 
addition, there were about 2,633 linear miles of 
collector and land access streets within the study 
area. The extensive street and highway system 
within the study area serves to provide ease of 
access to residential, commercial, and industrial 
land uses in the area. 

Bus Service: Two types of bus service were pro
vided in the study area in 1985: urban mass transit 
service and intercity bus service. Urban mass transit 
service was provided by the Milwaukee County 
Transit System and Waukesha County. About 152 
square miles, or 40 percent of the study area, and 
871,600 persons, or 84 percent of the resident 
population, were within the mass transit service 
area in 1985. 

Intercity bus service is provided in the study area 
by various private carriers connecting the Milwau
kee central business district with outlying areas. 

Railway Service: Railway service within the study 
area in 1985 was limited to freight hauling except 
for scheduled Amtrak passenger service over the 
lines of the Soo Line Railroad Company between 
the Amtrak passenger station in the City of Mil
waukee, which is the only stop in the study area, 
and Chicago to the south and Minneapolis-St. Paul 
to the northwest. The Amtrak passenger station 
is the only rail passenger terminal within the 
study area. 

As shown on Map 11, extensive railway freight 
service was provided throughout the study area by 
the Soo Line Railroad Company; the Wisconsin & 
Southern Railroad Company; and the Chicago & 
North Western Transportation Company. The 
heavily industrialized portion of the Menomonee 
River Valley in the City of Milwaukee, in particular, 

contains a large concentration of the Soo Line Rail
road Company classification yard railway trackage. 
Also within the study area, the "Butler" classifica
tion yard of the Chicago & North Western Trans
portation Company is located immediately east of 
the Village of Butler in the Cities of Milwaukee and 
Wauwatosa. In addition, one shortline railway 
operates within the study area. This railway-the 
Wisconsin & Southern Railroad Company-provides 
trackage rights to the Soo Line Railroad Company. 

-Airports: There are three public-use airports 
located within the study area. Residents and 
businesses within the study area are provided with 
commercial airline service at Milwaukee County's 
General Mitchell International Airport (General 
Mitchell Field). In 1985, this airport was served by 
15 air carriers providing passenger service on a 
regularly scheduled basis, as well as air cargo 
service. General Mitchell International Airport and 
Timmerman Field, located on the northwest side 
of the City of Milwaukee, also provide a variety of 
facilities and fixed-base operation services for all 
types of general aviation activity, including busi
ness and corporate jets. General aviation activity 
was also served by Rainbow Airport located in the 
City of Franklin. 

NATURAL FEATURES 

The natural resource base is an important deter
minant of the development potential of an area, as 
well as of the ability of the area to provide a pleas
ant and habitable environment for all forms of life. 
The principal elements of the natural resource base 
are: climate, physiographic and topographic 
features, geology, soils, vegetation, and surface 
water features. Without a proper understanding of 
these elements and of their interrelationships, 
human use and alteration of the natural environ
ment proceed at a risk of excessive costs in terms 
of both monetary expenditures and destruction of 
the nonrenewable or slowly renewable resources. 
In this age of high resource demand, urban expan
sion, and rapidly changing technology, it is particu
larly important that the natural resource base be an 
important consideration in any planning effort. 

Climate 
Air temperatures and the type, intensity, and dura
tion of precipitation events are major determinants 
of the rate and volume of stormwater runoff. The 
study area has a typical continental-type climate 
characterized primarily by a continuous progres
sion of markedly different seasons and a wide 

29 



Map 10 

ARTERIAL STREETS AND HIGHWAYS IN THE STUDY AREA: 1985 
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Map 11 

COMMON CARRIER RAILWAY FREIGHT LINES IN THE STUDY AREA: 1985 
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Table 10 

NORMAL AIR TEMPERATURES AT SELECTED METEOROLOGICAL 
OBSERVATION STATIONS IN THE STUDY AREA: 1951-1980a 

Meteorological Station Location 

Milwaukee 
(Mitchell Field) Germantown Two Station Average 

Average Average Average Average Average Average 

Daily Daily Daily Daily Daily Daily 

Month Maximum Minimum Mean Maximum Minimum Mean Maximum Minimum Mean 

January ..... 26.0 11.3 18.7 26.0 8.2 17.1 26.0 9.7 17.9 
February .... 30.1 15.8 23.0 30.6 12.5 21.6 30.4 14.1 22.3 
March ...... 39.2 24.9 32.1 40.2 22.3 31.3 39.7 23.6 31.7 
April. ...... 53.5 35.6 44.6 55.4 34.1 44.8 54.4 34.8 44.7 
May ....... 64.8 44.7 54.8 67.8 43.4 55.6 66.3 44.1 55.2 
June ....... 75.0 54.7 64.9 77.3 52.9 65.1 76.1 53.8 65.0 
July ........ 79.8 61.1 70.5 82.0 58.0 70.0 80.9 59.5 70.2 
August ..... 78.4 60.2 69.3 80.3 56.9 68.6 79.3 58.5 68.9 
September ... 71.2 52.5 61.9 12.6 49.2 60.9 71.9 50.8 61.4 
October ..... 59.9 41.9 50.9 61.3 39.5 50.4 60.6 40.7 50.6 
November ... 44.7 29.9 37.3 45.4 27.7 36.5 45.1 28.8 36.9 
December ... 32.0 18.2 25.1 32.0 15.2 23.6 32.0 16.7 24.3 

Annual 54.6 37.6 46.1 55.9 35.0 45.5 55.2 36.3 45.8 

aThe 3D-year period 1951-1980 is the "standard normal" period which conforms to the World Metropolitan Organization 
standard for climatological normals. 

Source: National Climatic Center and SEWRPC. 

range in monthly temperatures. The study area lies 
in the path of both low-pressure storm centers 
moving from the west and southwest, and high
pressure fair weather centers moving in a generally 
southeasterly direction. The confluence of these 
air masses results in frequent weather changes, 
particularly during spring and winter. These 
temporal weather changes consist of marked 
variations in temperature, precipitation, relative 
humidity, wind speed and direction, and cloud 
cover. The meteorological events influence the 
rate and amount of stormwater runoff, the severity 
of storm drainage and flooding problems, and 
the required capacity of stormwater conveyance 
and storage facilities. Definitive long-term meteoro
logical data are available for the study area from 
the Milwaukee National Weather Service station 
located at General Mitchell Field, as well as from a 
meteorological weather station located in the 
Village of Germantown. 
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Temperature: Temperature data for the two selected 
meteorological observation stations within the 
study area, Milwaukee at Mitchell Field and Ger
mantown, are presented in Table 10 and Figure 2. 
The air temperature data used to develop the table 
and figure represent the monthly climatic normal 
averages for the period 1951 through 1980. The 
use of the 30-year climatic normal period provides 
for a consistent period of record between stations 
with varying years of operation, and thus enables 
more accurate comparisons to be made of prevail
ing temperature conditions. From a statistical 
standpoint, a 30-year period of record may be 
expected to encompass about 95 percent of the 
total variation experienced in a particular meteoro
logical event at a given location. 

The temperature data for the study area, as reflec
ted by the monthly mean temperatures at the Mil
waukee and Germantown observation stations, 



Figure 2 

TEMPERATURE DATA FOR SELECTED METEOROLOGICAL 
OBSERVATION STATIONS IN THE STUDY AREA: 1951·1980 
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indicate both spatial and temporal variations. The 
temperature data also illustrate how air tempera· 
tures in the study area lag approximately one 
month behind the winter and summer solstice 
during the annual cycle; as a result, July is the 
warmest month in the study area and January is 
the coldest. 
Mean summer temperatures in July and August are 
in the 70° F range within the study area. Average 
daily maximum temperatures for these two sum· 
mer months range from 78° F to 82°F, whereas the 
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average daily mInImum temperatures vary from 
57°F to 61°F. With respect to the daily minimum 
temperatures, the meteorological station network 
is not sufficiently dense to reflect 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 topographi· 
cally low areas, particularly during the summer 
months, may be expected to be lower than those 
recorded at the meteorological stations. 
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Temperatures within the study area, as measured 
by the monthly means for January and February, 
range from 17° F to 23° F . Average daily maximum 
temperatures within the study area for these two 
months vary from about 26° F to 31°F, whereas 
the average daily minimum temperatures range 
from about SOF to 16°F. The temperature data 
presented in Table 10 and Figure 2 provide evi
dence of the moderating effect of Lake Michigan 
on near-shore temperatures. For example, the 
Germantown meteorological station exhibits aver
age daily maximum temperatures, particularly 
during the summer months, of 1°F to 2° F higher 
than those exhibited at the Mitchell Field station 
in the City of Milwaukee. Thus, the presence of 
Lake Michigan and its associated lake breeze 
phenomenon act to reduce the incidence of higher 
temperatures in the near-shore environment. 

The temperature data for these two stations also 
provide evidence of an "urban heat island effect." 
Large urban complexes have been observed to 
exhibit higher air temperatures than surrounding 
rural areas. This temperature differential is greatest 
during the evening hours on clear days and is partly 
attributable to the numerous heat sources distrib
uted throughout the urban environment. Another 
factor is the gradual loss of this heat to the atmos
phere because of the dense pattern of urban struc
tures emitting the radiating heat toward each other 
rather than into the open atmosphere as in rural 
areas, and because of the presence of atmospheric 
contaminants which form a barrier to nighttime 
radiation from the earth back to the atmosphere. 

As shown in Table 10 and Figure 2, average daily 
minimum temperatures at Mitchell Field are 
consistently 2° F to 3° F higher than average daily 
minimum temperatures at the Germantown station. 
Moreover, although the annual average daily 
maximum temperature at Mitchell Field is on the 
order of 1°F lower than at Germantown, the 
annual average temperature at Mitchell Field is 
about 1°F higher than at the Germantown station. 
These differences may be the result of the heat 
island effect which causes the average minimum 
temperatures at Mitchell Field to be about 1°F to 
2° F higher on an annual basis than the average 
minimum temperatures at the Germantown station. 

Precipitation: Precipitation within the study area 
takes the form of rain, sleet, hail, and snow. Pre
cipitation events may range from gentle showers 
of trace quantities to destructive thunderstorms, as 
well as major rainfall and snowmelt events causing 
property damage, inundation of poorly drained 
areas, and stream flooding. 
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Table 11 and Figures 3 and 4 indicate the average 
precipitation by month for the climatic period 
1951 to 19S0 for the two meteorological stations 
in the study area. Table 11 also presents average 
snowfall data for these two stations for varying 
periods of record. The average annual total precipi
tation in the study area, based upon the numerical 
average of data from Mitchell Field and German
town, is 29.S inches expressed as water equivalent, 
while the average annual snowfall is 49.7 inches. 

Average total monthly precipitation within the 
study area ranges from a low of LOS inches in 
February to a high of 3.55 inches in July. The 
principal snowfall months are December, January, 
February, and March, when average snowfalls are 
11.7, 11.S, 10.0, and 10.9 inches, respectively, and 
during which time about 92 percent of the average 
annual snowfall may be expected to occur. Snow
fall is the predominant form of precipitation dur
ing these months, totaling about 60 percent of the 
total precipitation expressed as water equivalent. 

More than 19 inches, or about 64 percent, of the 
average annual precipitation normally occurs 
during the April through 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 49.7 inches is 
equal to about 4.97 inches of water; therefore, 
only about 16 percent of the average annual 
precipitation occurs as snowfall. 

Snow Cover: The likelihood of snow cover and the 
depth of that cover on the ground are important 
factors influencing the planning, design, construc
tion, and maintenance of stormwater drainage and 
flood control facilities. Because snow acts as a 
thermal inSUlator, snow cover, particularly early in 
the winter season, significantly influences the 
depth and the duration of frozen ground, which 
in tum affects runoff as well as certain types of 
engineered works. 

Snow depth as measured at Milwaukee for the 70-
year period 1900 through 1969, and published in 
Snow and Frost in Wisconsin, a Wisconsin Statis
tical Reporting Service publication, is summarized 
in Table 12. It should be noted that the tabulated 
data pertaining to snow depth on the ground, as 
measured at the time and place of observation, are 
not a direct measure of average snowfall. Recog
nizing that snowfall and temperatures, and there
fore snow accumulation on the ground, vary 
spatially within the study area, the Milwaukee data 
presented in Table 12 should be considered only an 



Table 11 

PRECIPITATION CHARACTERISTICS AT SELECTED LOCATIONS WITHIN THE STUDY AREA 

Observation Station 

Milwaukee (Mitchell Field) Germantown Two Station Average 

Average Normal Average Snow Average Normal Average Snow Average Normal Average Snow 
Precipitation and Sleet Precipitation and Sleet Precipitation and Sleet 

Month (1951-1980) (1951-1980) (1951-1980) (1961-1976) (1951-1980) ( 1961-1970) 

January ..... 1.64 13.5 
February .... 1.33 10.5 
March ...... 2.58 10.1 
April. ...... 3.37 2.1 
May ....... 2.66 Trace 
June ....... 3.59 0.0 
July ....... 3.54 0.0 
August ..... 3.09 0.0 
September ... 2.88 Trace 
October ..... 2.25 0.2 
November ... 1.98 3.4 
December ... 2.03 11.4 

Annual 30.94 51.2 

Source: National Climatic Center and SEWRPC. 

approximation of conditions throughout the entire 
study area. 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 40 percent probability of having one inch or 
more of snow cover in Milwaukee. Furthermore, 
during January and the first half of February, there 
is at least a 25 percent probability of having five or 
more inches of snow on the ground. During March, 
the month in which severe spring snowmelt-rainfall 
flood events are most likely to occur, there is at 
least a 30 percent probability of having one inch or 
more of snow on the ground during the first half of 
the month, with the probability of that amount of 
snow cover diminishing to 7 percent by the end of 
the month. 

The data presented in Table 12 can be used to 
estimate the probability that a given snow cover 
will exist or be exceeded at any given time. It 
should, therefore, be useful in planning winter 
outdoor work construction activities, as well as in 
estimating runoff for hydrologic purposes. There 
is, for example, a 7 percent probability of having 
one inch or more of snow cover on November 15 

1.04 10.2 1.34 11.8 
0.83 9.4 1.08 10.0 
1.84 11.7 2.21 10.9 
2.81 2.6 3.09 2.3 
2.78 0.0 2.72 0.0 
3.42 0.0 3.50 0.0 
3.56 0.0 3.55 0.0 
3.55 0.0 3.32 0.0 
3.14 Trace 3.01 0.0 
2.36 0.1 2.31 0.2 
1.97 2.2 1.97 2.8 
1.46 12.1 1.74 11.7 

28.76 48.3 29.84 49.7 

of any year, whereas there is a much higher proba
bility, 61 percent, of having that much snow cover 
on January 15. 

Frost Depth: Ground frost, or frozen ground, 
refers to that condition in which the ground con
tains variable amounts of water in the form of ice. 
Frost influences hydrologic processes, particularly 
the percent of rainfall and snowmelt that will run 
off the land directly into storm sewers and surface 
watercourses, in contrast to that which will enter 
and be temporarily detained in the soil. Snow 
cover is a primary determinant of the depth of 
frost penetration and of the duration of frozen 
ground. 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. Frost 
conditions in the Region were published by the 
Wisconsin Agricultural Reporting Service for the 
months of November through April, based upon an 
eight-year period of record for 1961 through 1977, 
and are summarized on a semi-monthly basis in 
Table 13. Table 13 indicates that frozen ground is 
likely to exist in the study area for approximately 
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Figure 3 

PRECIPITATION CHARACTERISTICS AT 
SELECTED LOCATIONS WITHIN THE STUDY AREA 
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four months each winter season, extending from 
late November through March, with more than six 
inches of frost normally occurring in 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 may be expected in unpaved areas. 
However, since storm water drainage facilities are 
often located in areas covered by roadway pave
ments, or in adjacent areas which are frequently 
cleared of snow cover, stormwater management 
planning must also consider substantially deeper 
frost penetration depths. The City of West Allis 
Engineering Department reports frost penetration 
depths of up to 48 inches being observed under 
roadway pavements in the vicinity of water mains 
that were damaged by frost action. This observa
tion is consistent with engineering practice in the 
Milwaukee area which generally provides for a 
minimum cover of 36 to 48 inches over utility 
facilities to avoid freezing problems. 
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Figure 4 

AVERAGE MONTHLY SNOW AND SLEET DATA AT 
SELECTED LOCATIONS WITHIN THE STUDY AREA 
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Physiographic and Topographic Features 
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An understanding of the physiography and topogra
phy of the study area can aid in understanding the 
hydrologic and hydraulic characteristics of the 
service water drainage system. 

Watersheds Comprising the Study Area: As indi
cated in Table 14 and shown on Map 12, the study 
area is comprised of all or portions of seven water
sheds, including 24.9 square miles-or all-of the 
Kinnickinnic River watershed, which encompasses 
about 6.6 percent of the study area; 135.9 square 
miles- or all-of the Menomonee River watershed, 
which comprises about 35.9 percent of the study 
area; 92.6 square miles, or about 13.4 percent, of 
the Milwaukee River watershed, which comprises 
about 24.5 percent of the study area; 27.2 square 
miles-or all-of the Oak Creek watershed, which 
comprises about 7.2 percent of the study area; 
74.8 square miles, or about 38 percent, of the 
Root River watershed, which comprises 19.8 per-



Table 12 

SNOW COVER PROBABILITIES AT MILWAUKEE BASED ON DATA FOR THE PERIOD 1900-1969 

Snow Covera 

Date 1 Inch or More 5 I nches or More 10 I nches or More 15 I nches or More Average (inches) 

Number of Probability of Number of Probability of Number of Probability of Number of Probability of Per 
Month Day Occurrencesb Occu rrence C Occurrencesb Occurrencec Occurrencesb Occurrencec Occurrencesb Occurrencec Occurrenced Overalle 

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

December 15 33 0.47 10 0.14 0 0.00 0 0.00 3.3 1.54 
31 32 0.46 9 0.13 1 0.01 0 0.00 3.6 1.66 

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

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

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

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

b Number of OCcurrences is the number of times during the 70~year period of record when measurements revealed that the indicated snow depth was equaled or exceeded on the indi· 
cared date. 

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

d Average snow cover per occurrence is defined as the sum of al/ 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 snow cover was recorded. 

eOverall average snow cover is defined as the sum of al/ snow cover measurements in inches for the indicated date divided by 70-that is, the number of observation times. 

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

cent of the study area; and 22.8 square miles, or 
23.9 percent, of the land directly tributary to Lake 
Michigan, which comprises about 6 percent of the 
study area. In addition, about one-half square mile 
of the Fox River watershed located in the south
west portion of the City of Franklin is within the 
study area. This represents less than one-half of 
1 percent of the total study area acreage. 

Physiographic Features: Physiographic features or 
surficial land forms have been determined largely 
by the underlying bedrock and the overlying gla
cial deposits of the watersheds. The major surficial 
land forms of the study area resulting from this 
glaciation are shown on Map 13. 

The Niagara cuesta, on which the study area lies, is 
a gently eastward sloping bedrock surface, with the 
eastern border of the study area being about 300 
feet lower in elevation than the western border. 
Glacial deposits overlying the bedrock formations 
form the irregular surface topography of the 
study area characterized by rounded hills or groups 
of hills, ridges, broad underlying, undulating plains, 
and poorly drained wetlands. 

Table 13 

AVERAGE FROST DEPTH IN SOUTHEASTERN 
WISCONSIN: NOVEMBER TO APRIL 

Nominal Frost Depth 
Month and Day (inches)a 

November 30 ... 1 
December 15 . ... 3 
December 31 .... 4 
January 15 ...... 9 
January 31 ... ... 12 
February 15. . . .. 14 
February 28 ..... 15 
March 15 ....... 13 
March 31 ....... 7 
April 7 ........ 3 

aBased on 1961-1977 frost depth data forcemeter
ies as reported by funeral directors and cemetery 
officials. Since cemeteries have soils that are over
lain by an insulating layer of turf, the mapped frost 
depths should be considered minimum values. 

Source: Wisconsin Agricultural Reporting Service, 
Snow and Frost in Wisconsin, October 1978. 
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Table 14 

AREAL EXTENT OF WATERSHEDS IN THE STUDY AREA 

Total 
Watershed 

Area 
Watershed (square miles) 

Fox ............. 934.3 
Kinnickinnic ........ 24.9 
Menomonee ........ 135.9 
Milwaukee ......... 692.1 
Oak Creek ......... 27.2 
Root ............. 196.9 
Lake Michigan 
Direct Drainage ..... 95.5 

Total --

a Less than one-tenth of 1 percent. 

Source: SEWRPC. 

Topography: The topography or variation in 
elevation of the study area is an important factor 
determining the hydrologic response within the 
study area to rainfall and rainfall-snowmelt events. 

The Commission prepares, and encourages local 
units of government to prepare, one inch equals 
100 feet scale, and one inch equals 200 feet scale, 
two-foot contour interval topographic maps based 
on a Commission-recommended monumented 
control survey network relating the U. S. Public 
Land Survey System to the State Plane Coordinate 
System. As shown on Map 14, large-scale topogra
phic maps prepared to Commission standards, 
which include monumented control, are available 
for 222 square miles, or 59 percent, of the study 
area in 1987. A total of 1,412 U. S. Public Land 
Survey Corners in the study area have been, or 
are being, relocated, monumented, and tied in to 
the State Plane Coordinate System, representing 
80.6 percent of such corners in the study area. 
These large-scale topographic maps facilitate the 
hydrologic and hydraulic studies required for drain
age and flood control planning and engineering, 
including the delineation of drainage basins, stream 
network configuration, and stream profiles and 
cross-sections. The maps are essential for the 
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Watershed 
Area Percent of Percent of 

Included in Watershed Study Area 
Study Area Within Within 

(square miles) Study Area Watershed 

0.5 --a a --
24.9 100.0 6.6 

135.9 100.0 35.9 
92.6 13.4 24.5 
27.2 100.0 7.2 
74.8 38.0 19.8 

22.8 23.9 6.0 

378.7 -- 100.0 

accurate and precise delineation of flood hazard 
areas along streams and watercourses and in the 
determination of monetary flood damages. Finally, 
such maps are essential for the sound preliminary 
and final engineering of required drainage and 
flood control improvements, for the acquisition of 
flood hazard areas for park and open space pur
poses, and for the proper exercise of public land 
use controls to protect floodwater conveyance and 
storage capacities. These maps are also useful for 
many other types of municipal planning and public 
works functions. 

As shown on Map 15, surface elevations within the 
study area range from a high of over 1,100 feet 
above National Geodetic Vertical Datum (NGVD) 
-Mean Sea Level Datum-in the Town of Richfield, 
a portion of the Menomonee River watershed 
located in the northwest area of the study area, to 
approximately 580 feet above NGVD at the mouth 
of the Milwaukee River as it enters Lake Michigan. 
Most of the study area is covered by gently sloping 
ground moraine-heterogeneous materials deposited 
beneath the ice, end moraines consisting of material 
deposited at the forward margins of the ice sheet, 
and outwash plains formed by the action of flow
ing glacial meltwater. 
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Map 13 

PHYSIOGRAPHIC FEATURES 
OF THE STUDY AREA 
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Map 14 

AVAILABILITY OF LARGE·SCALE TOPOGRAPHIC MAPS IN THE STUDY AREA: 1987 
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Map 15 

TOPOGRAPHIC CHARACTERISTICS OF THE STUDY AREA 
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Geology 
The bedrock formations underlying the unconsoli
dated surficial deposits of the study area consist of 
Precambrian crystalline rocks; Cambrian sandstone; 
Ordovician dolomite, sandstone, and shale; and 
Silurian and Devonian dolomite. All of these rock 
units slope toward the east. The bedrock geology 
of the study area is shown on Map 16, a map of the 
surface of the bedrock, and is supplemented by 
Figure 5, which presents two vertical sections 
through the study area. The uppermost bedrock 
unit throughout most of the study area is Silurian 
dolomite, primarily Niagara dolomite underlain by 
a relatively impervious layer of Maquoketa shale. 

Bedrock topography was shaped by preglacial and 
glacial erosion of the exposed bedrock. The consoli
dated bedrock underlying the study area generally 
dips eastward at a rate of 25 to 30 feet per mile. 
The bedrock surface ranges from about 800 feet 
NGVD in the western part of the study area to 
less than 400 feet NGVD at the mouth of the 
Milwaukee River. The glacial deposits above the 
bedrock include end moraine, ground moraine, 
outwash, and lake-basin deposits. 

The combined thickness of unconsolidated glacial 
deposits, alluvium, and marsh deposits varies from 
less than 20 feet, with scattered bedrock outcrops, 
in the northern portion of the study area, to about 
400 feet in south-central Milwaukee County. Map 
17 indicates the spatial variation of the thickness 
of unconsolidated deposits overlying the bedrock 
in the study area. 

Because of the glacial deposits, southeastern Wis
consin has few bedrock exposures, either natural or 
artificial, available for scientific or recreation pur
poses. Most of the exposures that were formerly 
available have been destroyed. In addition, the 
natural exposures are not very extensive, and 
many of these have also been covered. There has 
been little or no effort in the past to preserve any 
of these bedrock exposures, whether natural or 
artificial, even though many were located in public 
parks. This failure to preserve these outcroppings 
can be attributed to a lack of appreciation of the 
value of such rock exposures. 

The value of these exposures is demonstrated by 
the many different usages possible. Of particular 
importance is their historic value from both a 
scientific and industrial standpoint. These expo
sures have provided significant evidence of value to 
the understanding of local and regional geology, 
and to establishing some new geologic concepts 

such as the presence of fossil reefs. On a local scale 
it is impossible to study the bedrock geology when 
there are few or no exposures available. This pre
sents problems when new geologic concepts are 
proposed, since it is important for concerned 
scientists to be able to reexamine exposures at such 
times, no matter how thoroughly such exposures 
may have been studied in the past. 

The industrial history of the Region is also related 
to these rock exposures. Some of the earliest busi
ness ventures in Milwaukee County were quarries. 
These quarries provided commodities, such as 
dimensional building stone, crushed stone, lime, 
and natural cement, which were necessary for the 
development of the Region. 

Rock exposures may also play an important role in 
education. Field trips are an important teaching aid 
in elementary school, high school, and university 
science and geology classes. The location of rock 
exposures near an urban area makes such learning 
devices available to a large number of students. 
These rock exposures also provide research material 
for university-level thesis projects. 

The locations of important geologic sites in Milwau
kee County are shown on Map 18 and more fully 
described in SEWRPC Technical Record Vol. 4, 
No.3, February 1982, "Preservation of Scientifi
cally and Historically Important Geologic Sites in 
Milwaukee County, Wisconsin." Most of these sites 
are threatened by various construction projects
including storm water drainage and flood control 
improvements-and thus efforts to preserve them 
must be taken now before the sites are covered or 
access to them is otherwise lost. 

Soils 
The nature of soils within the study area has been 
determined primarily by the interaction of the 
parent glacial deposits covering the study area 
and by the topography, climate, plants, animals, 
and time. 

To assess the significance of the diverse soils found 
in southeastern Wisconsin, the Southeastern Wis
consin Regional Planning Commission in 1963 
negotiated a cooperative agreement with the U. S. 
Soil Conservation Service under which detailed 
operational soil surveys were completed for the 
entire Planning Region. The results of the soil 
surveys are published in SEWRPC Planning Report 
No.8, Soils of Southeastern Wisconsin. The 
regional soil surveys, a sample of which is pre
sented in Figure 6, have resulted in the mapping of 
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Map 16 

BEDROCK GEOLOGY OF THE STUDY AREA 
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Figure 5 

PROFILE OF GEOLOGIC STRUCTURE IN THE STUDY AREA 
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Map 17 

THICKNESS OF GLACIAL DEPOSITS AND THE LOCATION OF BEDROCK OUTCROPS IN THE STUDY AREA 
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Map 18 

LOCATION OF IMPORTANT GEOLOGIC SITES IN MILWAUKEE COUNTY 
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Figure 6 

SOIL SURVEY SHEET, MILWAUKEE COUNTY, WISCONSIN 
U. S. Public Land Survey Sections 25, 26, 27,34,35, and 36, Township 5 North, Range 21 East 

Source: U. S. Soil Consorvation Service and SEWRPC. 



the soils within the Region in great detail. At the 
same time, the surveys have provided data on the 
physical, chemical, and biological properties of the 
soils and, more importantly, have provided inter
pretations of the soil properties for planning, 
engineering, agricultural, and resource conservation 
purposes. 

Soil properties are an important factor influencing 
the rate and volume of stormwater runoff from 
land surfaces. The type of soil is also an important 
consideration in the evaluation of shallow ground
water aquifer recharge and stormwater storage. The 
soil characteristics and the slope and vegetative 
cover of the land surface also affect the degree of 
soil erosion which occurs during runoff events. 

With respect to watershed hydrology, the most 
significant soil interpretation for stormwater 
management is the categorization of soils into 
hydrologic soil groups A, B, C, and D. In terms of 
runoff characteristics, these four hydrologic soil 
groups are defined as follows: 

• Hydrologic Soil Group A: Very little runoff 
because of high infiltration capacity, high 
permeability, and good drainage. 

• Hydrologic Soil Group B: Moderate amounts 
of runoff because of moderate infiltration 
capacity, moderate permeability, and good 
drainage. 

• Hydrologic Soil Group C: Large amounts of 
runoff because of low infiltration capacity, 
low permeability, and poor drainage. 

• Hydrologic Soil Group D: Very large 
amounts of runoff because of very low 
infiltration, low permeability, and extremely 
poor drainage. 

The spatial distribution of the four hydrologic soil 
groups within the study area is shown on Map 19. 
Hydrologic soil groups A, B, C, and D cover 1 
percent, 13 percent, 49 percent, and 14 percent, 
respectively, of the study area. The remaining 23 
percent is covered by disturbed soils. It is impor
tant to note that nearly 63 percent of the study 
area is covered by soils having poor or very poor 
drainage characteristics, which therefore may be 
expected to generate relatively large amounts of 
stormwater runoff. 

Vegetation 
Vegetation in any location at any given time is 
determined by, or the result of, a variety offactors, 
including climate, topography, occurrence of fire, 
soil characteristics, proximity of bedrock, drainage 
features, and, of course, the activities of man. 
Because of the temporal and spatial variability of 
these factors and the sensitivity of vegetation to 
most of them, vegetation throughout the study 
area has been a changing mosaic of different types. 
The terrestrial vegetation in the study area occupies 
sites which may be divided into two broad land 
classifications: wetland and woodland. Wetlands 
are defined as those lands which are wholly or 
partially covered with hydrophytic plants and wet 
and spongy organic soils and which are generally 
covered with shallow standing water intermittently 
inundated or having a high water table. 

Chapters NR 115 and NR 117 of the Wisconsin 
Administrative Code require counties and incorpo
rated communities in Wisconsin to place wetlands 
within shoreland areas in a shoreland/wetland zon
ing district. Implementation of the shoreland/wet
land zoning provision of these chapters will ensure 
the preservation of many wetland areas within the 
Region and throughout the State. By law, shore
lands are defined as all areas located within 1,000 
feet of the ordinary high-water mark of a navigable 
lake, pond, or flowage; or within 300 feet of the 
ordinary high-water mark of a navigable river or 
stream, or to the landward edge of the floodplain, 
whichever distance is greater. Shoreland/wetland 
zoning regulations and any subsequent proposed 
amendments are subject to review and approval by 
the Wisconsin Department of Natural Resources 
(DNR), thus making wetland zoning in effect joint 
state-local zoning. 

Wetland inventory maps at a scale of one inch 
equals 2,000 feet were prepared for the seven 
southeastern Wisconsin counties by the Regional 
Planning Commission under contract to the DNR, 
and provided a basis for the regulation of shore
land/wetlands within the Region under Chapters 
NR 115 and NR 117. Upon receipt of the prelimin
ary wetland inventory maps from the DNR, each 
county or local municipality concerned was given 
90 days to review the maps and subsequently hold 
a public hearing to receive comments on the 
accuracy and completeness of the maps. After the 
required public hearing, each county or local 
municipality concerned was required to return the 
inventory maps to the DNR, annotated to identify 
any areas believed to be incorrectly designated. 
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Map 19 

HYDROLOGIC SOIL GROUPS IN THE STUDY AREA 
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The DNR then scheduled a meeting to discuss the 
potential inaccuracies of the preliminary maps, 
make the necessary corrections, and transmit final 
wetland maps to the county or local municipality 
concerned. The county or local municipality then 
had six months to amend its shoreland/wetland 
zoning to protect the final mapped wetlands. As of 
June 1988, final wetland maps have been prepared 
for 19 communities within the MMSD study area, 
including the Cities of Glendale and Oak Creek 
and the Villages of Greendale and River Hills in 
Milwaukee County; the City of Mequon and Town 
of Cedarburg in Ozaukee County; the Towns of 
Caledonia, Norway, and Raymond in Racine 
County; the Village of Germantown and the Towns 
of Germantown and Richfield in Washington 
County; and the Cities of Brookfield, Muskego, 
and New Berlin, the Villages of Elm Grove and 
Menomonee Falls, and the Towns of Brookfield 
and Lisbon in Waukesha County. 

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 at least a 
50 percent canopy cover. In addition, coniferous 
tree plantations and reforestation projects are 
identified as woodlands. 

The location, extent, type, and quality of wetland 
and woodland areas are key determinants of the 
environmental quality of the study area. Wetland 
and woodland areas can, for example, support a 
variety of outdoor recreation activities. They 
contribute to the beauty and visual diversity of the 
environment, and function as visual and acoustical 
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 portions of 
the study area; provide continuous wildlife range 
and sanctuary for native biota; and help to main
tain surface water quality by functioning as sedi
ment and nutrient traps. Finally, certain wetland 
and woodland areas can be excellent outdoor 
laboratories for educational and research activities. 

Because of the heavily urbanized nature of the 
study area, in 1985 wetlands covered only 17.7 
square miles, or about 5 percent, of the study 
area; while woodlands covered about 12.5 square 
miles, or 3 percent, of the study area. The spatial 
distribution of these wetlands and woodlands is 
shown on Map 20. 

Water Resources 
Surface water resources consisting of streams and 
associated floodlands form the singularly most 
important element of the natural resource base in 
the study area. Their contribution to the study 
area in terms of economic development, recrea
tional activity, and aesthetic quality is immeasur
able. The groundwater resources of the study area 
are hydraulically connected to the surface water 
resources, inasmuch as they provide the base flows 
of the streams. The groundwater resources, along 
with Lake Michigan, constitute the major sources 
of supply for domestic, municipal, and industrial 
water uses. 

Surface Water Resources: There are no major lakes, 
that is lakes having 50 acres or more of surface 
area, located within the study area. There are, 
however, a number of minor lakes within the study 
area which, together with the surface areas of the 
streams within the study area, encompass approxi
mately three square miles, or about eight-tenths of 
1 percent of the total study area. The value of most 
of these minor lakes and ponds is largely aesthetic. 
Because of the Hlck of lakes capable of supporting 
reasonable recreational use with little degradation 
of the resource in the heavily populated Milwaukee 
urban area, recreation pressures will be more 
heavily exerted on Lake Michigan and the streams 
and lakes in the adjacent tributary watershed lands 
outside the study area. 

Streams: One of the most interesting, variable, and 
occasionally unpredictable features of the resource 
base is its river and stream system with its ever
changing and sometimes widely fluctuating dis
charges and stages. Within the study area, the 
stream system receives a relatively uniform flow of 
water from the underlying shallow groundwater 
reservoir. This groundwater discharge constitutes 
the base flow of the streams. The streams also 
periodically receive surface water runoff from 
rainfall and snowmelt which, when superimposed 
on the base flow, sometimes causes the streams to 
leave their channels and occupy the adjacent 
floodplains. 

All perennial and certain selected intermittent 
streams within the study area are listed in Table 15 
and shown on Map 21. These streams total about 
203 linear miles. 

Community Assistance Planning Report No. 130, 
A Stormwater Drainage and Flood Control Policy 
Plan for the Milwaukee Metropolitan Sewerage 
District, identifies district jurisdiction of streams 
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Map 20 

WETLANDS AND WOODLANDS IN THE STUDY AREA 
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Table 15 

PERENNIAL AND SELECTED INTERMITTENT STREAMS IN THE STUDY AREA 

Stream 

Kinnickinnic River Watershed 

Edgerton Channela ........... . 
Holmes Avenue Creeka .... " .... . 
Kinnickinnic River ............ . 
Lyons Creeka ............... . 
Villa Mann Creek ............. . 
South 43rd Streeta ........... . 
Wilson Park Creeka ........... . 

Lake Michigan Direct Drainage Area 

Fish Creek a ................ . 

Menomonee River Watershed 

Butler Ditch ................ . 
Dousman Ditch .............. . 
Honey Creek ............... . 
Little Menomonee Creek ........ . 
Little Menomonee River ........ . 
Menomonee Rivera ........... . 
South Branch Underwood Creek .. . 
Underwood Creek ............ . 
West Branch Menomonee River ... . 
Woods Creek ............... . 
Unnamed Tributary 
Section 12, T9N, R20E ........ . 

Unnamed Tributary 
Section 14, T7N, R20E ........ . 

Milwaukee River Watershed 

Beaver Creek ............... . 
Brown Deer Creeka ........... . 
I ndian Creek ................ . 
Lincoln Creek ............... . 
Milwaukee Rivera ............ . 
Pigeon Creek ............... . 
South Branch Creek ........... . 
Unnamed Tributary 
Section 2, T7N, R21E ........ . 

Unnamed Tributary 
Section 7, T9N, R22E ........ . 

Unnamed Tribulary 
Section 18, T9N, R22E ........ . 

Unnamed Tributary 
Section 35, T9N, R21E ........ . 

Unnamed Tributary 
Section 36, T9N, R21E ........ . 

Oak Creek Watershed 

Stream 
Length 
(miles) 

2.6b 

1.6 
8.1 
1.3 
1.7 
1.1 
3.5 

3.1 

3.7 
5.5 
8.8 
2.5 
9.6 

27.9 
1.6c 

8.2 
1.7 
1.1 

1.4 

1.0 

1.9 
1.9 
1.9 
8.5d 

26.2 
2.4 
1.5b 

0.5 

1.7 

1.4 

2.0 

0.2 

Mitchell Field Drainage Ditcha . . . . . 3.3e 

North Branch Oak Creek a . . . . . . . . 5.8 
Oak Creek . . . . . . . . . . . . . . . . . . 13.1 

Root River Watershed 

Crayfish Creek .............. . 
East Branch Root Rivera ........ . 
Root River ................. . 
Root River Canal. ............ . 
Tess Corners Creek a ........... . 
Whitnall Park Creek a .......... . 
Unnamed Tributary 

1.0 
4.7 

21.6e 

1.3 
2.6 
3.0g 

Section 20, T6N, R21E. . . . . . . . . 0.4 

Total 202.9 

Stream or Stream Reach 
Recommended for 

Milwaukee Metropolitan 
Sewerage District Jurisdiction 

Existing 
District Boundary 

2.6 

5.7 
1.3 
1.7 
1.1 
3.5 

2.1 

8.8 

6.9 
15.9 

1.6 
2.6 

1.1 

1.9 
1.9 
1.9 
8.5 

1.5 

3.3 
5.8 
8.4 

f .. 
4.7 

14.2 

2.6 
3.0 

0.4 

113.0 

Possible Future 
District Boundary 

2.6 

5.7 
1.3 
1.7 
1.1 
3.5 

3.1 

3.7 
5.5 
8.8 

6.9 
25.1 

1.6 
8.2 

1.1 

1.9 
1.9 
1.9 
8.5 

0.8 
1.5 

2.0 

3.3 
5.8 

13.1 

1.0f 

4.7 
16.5 

2.6 
3.0 

0.4 

148.8 

Stream or Stream Reach 
Not Recommended for 
Milwaukee Metropolitan 

Sewerage District 
Jurisdiction 

1.6 
2.4 

2.5 
2.7 
2.8 

1.7 

1.4 

1.0 

26.2 
1.6 

0.5 

1.7 

1.4 

0.2 

5.1 
1.3 

54.1 

a It should be noted that for these 14 streams, the stream reach lengths have been revised somewhat when compared with the 
stream lengths set forth in SEWRPC Community Assistance Planning Report No. 130, A Storm water Drainage and Flood 
Control Policy Plan for the Milwaukee Metropolitan Sewerage District, March 1986. The revisions, which range from 0.1 mile 
on five streams to 2.6 miles on the Milwaukee River, are the result of: 1) refinements in the study area boundaries-as in the 
case of the Milwaukee River stream length revision where the study area now being used extends to the northerly limits of the 
City of Mequon rather than to about two miles south of the city limits as was the case in the 1986 policy plan; 2) the devel· 
opment of more precise locations of the stream reach limits as documented in SEWRPC Memorandum Report No. 28,Streams 
and Watercourses for Which the Milwaukee Metropolitan Sewerage District Has Assumed Jurisdiction for Drainage an~ 
Control Purposes, August 1987; 3) more precise delineation and measurements of the stream lengths using large·scale topo· 
graphic mapping and channel profiles; and 4) physical alterations to the stream channels. 

blntermittent stream. 

Ctncludes 0.5 mile of intermittent reach. 

dlncludes 0.4 mile of intermittent reach. 

elncludes 0.9 mile of intermittent reach. 

f During 1988, the Milwaukee Metropolitan Sewerage District added the Crayfish Creek area to the District. 

g Includes 1.8 miles of intermittent reach. 

Source: SEWRPC. 53 
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Map 21 

PERENNIAL AND SELECTED INTERMITTENT STREAMS IN THE STUDY AREA: 1987 
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and watercourses within the study area for drainage 
and flood control purposes. More specifically, the 
Advisory Committee overseeing the work on that 
policy plan recommended that-after the applica
tion of certain overriding considerations 1 -the Mil
waukee Metropolitan Sewerage District jurisdiction 
for perennial streams for the resolution of drainage 
and flood control problems include all perennial 
streams which meet at least one of the following 
three criteria: 

1. Streams within the District for which the Dis
trict has completed channel improvements. 

2. Streams within the District with significant 
monetary flood damage risk. 

3. Streams within the District having a tributary 
drainage area in more than one community. 

In addition, the Advisory Committee recommended 
that the Milwaukee Metropolitan Sewerage District 
jurisdiction for the resolution of drainage and flood 
control problems include intermittent streams 
which meet any two of the above three criteria. 

The application of the overriding considerations 
and the criteria to streams within the study area 
resulted in a recommendation that 113.0 linear 
miles of streams within the existing district bound
aries, or 56 percent of the streams in the study 
area, be recommended for District jurisdiction. In 
addition, it was recommended that 148.8 linear 
miles of streams within the possible future District 
boundary, or 73.0 percent of the linear miles of 

1 The overriding considerations set forth by the 
Committee were: 1) the estuary reaches of the 
Kinnickinnic, Menomonee, and Milwaukee Rivers 
should be excluded from District jurisdiction since 
these reaches are more properly the responsibility 
of state and federal levels of government; and 2) 
major stream reaches having 50 percent or more of 
their tributary drainage area outside the study area 
should be excluded from District jurisdiction. 
Through the application of these overriding con
siderations, 2.4 miles of the Kinnickinnic River 
estuary, 2.2 miles of the Menomonee River estuary, 
and 3.2 miles of the Milwaukee River estuary were 
recommended to be excluded from Districtjurisdic
tion. Similarly, 23.0 miles of the main stem of the 
Milwaukee River, the remainder of the Milwaukee 
River in the policy plan study area outside the 
estuary, and 4.8 miles of the Root River were 
recommended to be excluded from District 
jurisdiction. 

streams in the study area, be under District juris
diction in the future. 

As indicated in Table 16 and shown on Map 22, 
the tributary drainage area of the streams recom
mended for District jurisdiction within existing 
District boundaries encompasses 261 square miles, 
or about 69 percent of the total study area. The 
tributary drainage areas of the streams recom
mended for District jurisdiction within possible 
future district boundaries total over 298 square 
miles, or almost 79 percent of the total study area. 

Floodlands: The natural floodplain of a river is a 
wide, flat, gently sloping area contiguous to and 
usually lying on both sides of a channel. The flood
plain, which is normally bounded on its outer 
edges by higher topography, is gradually formed 
over a long period of time by the river during 
floodstage and as that river meanders in the flood
plain, continuously eroding material from concave 
banks and depositing it on convex banks. A river or 
stream may be expected to occupy and flow on its 
floodplain on the average of once every two years; 
therefore, the floodplain should be considered to 
be an integral part of a natural stream system. The 
extent to which a natural floodplain would be 
occupied by any given flood will depend on the 
severity of the 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 recur
rence interval. The Regional Planning Commission 
recommends 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. 

Floodlands within the study area are shown on 
Map 23. These floodlands occupy a total of 28.2 
square miles, or about 7.5 percent, of the study 
area. The delineation of natural floodlands is 
extremely important for sound land use planning 
and development. Because of flood hazards, high 
water tables, and inadequate soils, floodland areas 
are generally not well suited to urban development. 
Furthermore, floodlands are not needed for incre
mental urban development in that there are suffi
cient suitable land areas outside the floodlands for 
development purposes. Floodland areas, however, 
are generally prime locations for much-needed park 
and open space areas, and contain many of the best 
remaining wetlands and wildlife habitat areas of 
the Region. Floodlands also have important 
floodwater conveyance and storage functions. 
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Table 16 

TRIBUTATY DRAINAGE AREA OF STREAMS IN THE STUDY AREA WHICH ARE 
RECOMMENDED FOR MILWAUKEE METROPOLITAN SEWERAGE DISTRICT JURISDICTION 

Percent of Watershed 
in Study Area 

Tributary Drainage Having Tributary Percent of Study Area 

Area of Streams Drainage Area Having Tributary Drainage 

Recommended for Attendant to Streams Area Attendant to 

District Jurisdiction Recommended for Streams Recommended for 

(square miles) District Jurisdiction District Jursidiction 
Watershed Area 

Within Existing Possible Existing Possible Existing Possible 

Study Area District Future District District Future District District Future District 

Watershed (square miles) Boundary Boundary 

Fox ........... 0.5 0.0 0.0 
Kinnickinnic ...... 24.9 20.5 20.5 
Menomonee ...... 135.9 132.1 132.1 
Milwaukee ....... 92.6 31.3 47.0 
Oak Creek ....... 27.2 22.7 27.2 
Root .......... 74.8 49.3 66.4 
Lake Michigan 

Direct Drainage ... 22.8 5.3 5.3 

Total 378.7 261.2 298.5 

Source: SEWRPC. 

Environmental Corridors 
Environmental Corridor Concept: One of the most 
important tasks undertaken by the Regional Plan
ning Commission as part of its planning efforts 
was the identification and delineation of those 
areas of the Region having high concentrations of 
natural, recreational, historic, aesthetic, and scenic 
resources, and which therefore should be preserved 
and protected in order to maintain the overall 
quality of the environment. Such areas normally 
include one or more of the following seven ele
ments of the natural resource base which are essen
tial to the' maintenance of both the ecological 
balance and the natural beauty of the Region: 1) 
lakes, rivers, and streams and their associated 
undeveloped shorelands and floodplains; 2) wet
lands; 3) woodlands; 4) prairies; 5) wildlife habitat 
areas; 6) wet, poorly drained, and organic soils; and 
7) rugged terrain and high-relief topography. While 
the foregoing seven elements constitute integral 
parts of the natural resource base, there are five 
additional elements which, although not a part of 
the natural resource base per se, are closely related 
to or centered on that base, and therefore are 
important considerations in identifying and deline
ating areas with scenic, recreational, and educa
tional value. These additional elements are: 1) 
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Boundary Boundary Boundary Boundary 

" 
,. " 

, , 

82.3 82.3 5.4 5.4 
97.2 97.2 34.9 34.9 
33.8 48.9 8.3 12.4 
83.5 100.0 6.0 7.2 
65.9 88.8 13.0 17.5 

23.2 23.2 1.4 1.4 

" " 69.0 78.8 

existing outdoor recreation sites; 2) potential 
outdoor recreation and related open space sites; 
3) historic, archaeological, and other cultural sites; 
4) significant scenic areas and vistas; and 5) natural 
scientific areas. 

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

It is important to point out that, because of the 
many interlocking and interacting relationships 
between living organisms and their environment, 
the destruction or deterioration of one element of 
the total environment may lead to a chain reaction 
of destruction and deterioration. The drainage of 
wetlands, for example, may have far-reaching 
effects since such drainage may destroy fish 
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Table 17 

ENVIRONMENTAL CORRIDORS AND ISOLATED NATURAL AREAS IN THE STUDY AREA: 1985 

Primary Secondary Isolated 
Environmental Environmental Natural 

Corridors Corridors Areas Total 

Square Square 
Natural Features Miles Percent Miles 

Surface Water ...... 2.3 8.5 0.3 
Wetlands ......... 11.5 42.4 4.2 
Woodlands ........ 5.3 19.6 3.1 
Other ........... 8.0 29.5 3.2 

Total 27.1 100.0 10.8 

Source: SEWRPC. 

spawning grounds, wildlife habitat, groundwater 
recharge areas, and the natural filtration of flood
water storage areas of interacting lake and stream 
systems. The resulting deterioration of surface 
water quality may, in turn, lead to a deterioration 
of the quality of groundwater. Groundwater serves 
as a source of domestic, municipal, and industrial 
water supplies and provides a basis for low flows in 
rivers and streams. Similarly, destruction of wood
land cover, which may have taken a century or 
more to develop, may result in soil erosion and 
stream siltation and in more rapid runoff and 
increased flooding, as well as the destruction of 
wildlife habitat. Although the effects of anyone of 
these environmental changes may not in itself be 
overwhelming, the combined effects may lead 
eventually to the deterioration of the underlying 
and supporting natural resource base and to the 
overall quality of the environment for life. The 
need to protect and preserve the remaining environ
mental corridors within the study area should thus 
be apparent. 

Primary environmental corridors in the study area 
generally lie along the major stream valleys and 
contain almost all of the remaining high-value 
woodlands, wetlands, and wildlife habitat and 
surface waters and undeveloped floodlands in the 
study area. These corridors also contain some of 
the best remaining potential park sites, and are, in 
fact, a composite of the best individual elements of 
the natural resource base. As indicated in Table 17 
and shown on Map 24, primary environmental 
corridors encompassed about 27.1 square miles, or 

Square Square 
Percent Miles Percent Miles Percent 

2.8 0.3 4.1 2.9 6.4 
38.9 2.0 27.4 17.7 39.2 
28.7 4.2 57.5 12.6 27.9 
29.6 0.8 11.0 12.0 26.5 

100.0 7.3 100.0 45.2 100.0 

about 7 percent, of the total study area in 1985-
including 2.3 square miles of surface water, 11.5 
square miles of wetlands, 5.3 square miles of 
woodlands, and 8.0 square miles of other lands, 
including wildlife habitat, prairies, and scenic areas 
and vistas. 

Secondary environmental corridors within the 
study area are generally located along intermittent 
streams or serve as links between segments of 
primary environmental corridor. Secondary cor
ridors contain a variety of resource elements, often 
remnant resources from primary corridors which 
have been developed for intensive agricultural 
purposes or urban land uses. Secondary environ
mental corridors facilitate surface water drainage, 
maintain "pockets" of natural resource features, 
and provide for the movement of wildlife, as well 
as for the movement and dispersal of seeds for a 
variety of plant species. Such corridors, while 
not as important as the primary environmental 
corridors, should be preserved in' essentially open, 
natural uses as urban development proceeds within 
the study area, particularly when opportunities are 
presented to incorporate the corridors into urban 
stormwater detention areas, associated drainage
ways, and neighborhood parks. As indicated in 
Table 17, secondary environmental corridors 
encompassed 10.8 square miles, or about 2.9 
percent, of the total study area in 1985. Such corri
dors included about 0.3 square mile of surface 
water, 4.2 square miles of wetlands, 3.1 square 
miles of woodlands, and 3.2 square miles of 
other lands. 
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In addition to primary and secondary environ
mental corridors, other, small concentrations of 
natural resource base elements exist within the 
study area. These resource base elements are 
isolated from environmental corridors by urban 
development or agricultural uses but, although 
separated from the environmental corridor net
work, also have important natural values. Isolated 
natural areas may provide the only available 
wildlife habitat in an area, provide good locations 
for local parks and nature study areas, and lend 
aesthetic character or natural diversity to an area. 
Important isolated natural features include a 
geographically well-distributed variety of isolated 
wetlands, woodlands, and wildlife habitat. These 
isolated natural features should also be protected 
and preserved in a natural state whenever possible. 
As indicated in Table 17, isolated natural areas 
encompassed approximately 7.3 square miles, or 
1.9 percent, of the total study area in 1985. Such 
areas include approximately 0.3 square mile of 
surface water, 2.0 square miles of wetlands, 4.2 
square miles of woodlands, and 0.8 square mile of 
other lands. 

In total, the primary and secondary environmental 
corridors and isolated natural areas encompassed 
almost 45 square miles, or 12 percent, of the study 
area in 1985, and included about 2.9 square miles 
of surface water, 17.7 square miles of wetlands, 
12.6 square miles of woodlands, and 12.0 square 
miles of other lands. 

ANTICIPATED GROWTH AND CHANGE 

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 imple
mentation of the plans over time. Future demands 
on the resources within the study area are deter
mined primarily by the size, spatial distribution, 
and characteristics of the future population and 
economic activities within the study area, and by 
the resultant land use pattern associated with 
changes in population and economic activity. Land 
use patterns, in turn, markedly influence storm
water runoff. Conversion of land from rural to 
urban use and the associated increase in impervious 
area will tend to increase both the rate and volume 
of storm water for a given rainfall event and 
decrease the time of runoff. Unless special storm
water management measures are taken, the typical 
effect of urbanization is to produce an increase 
both in the peak rates of stormwater runoff and in 

the total volume of runoff. Stormwater runoff 
from urban lands also carries pollutants that are 
different from those carried by runoff from rural 
lands, as well as greater amounts of pollutants. 
Finally, changes in land use over time affect the 
storm water runoff process, and therefore the 
loadings on the stormwater management system. 
Therefore, consideration of both the probable 
future and existing land use pattern in the study 
area is necessary for effective development of 
storm water drainage and flood control plans. 

Although the spatial distribution of future popUla
tion 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 population and economic activity levels lies 
largely beyond the scope of government activity, at 
least at the regional and local levels. Neither the 
levels of population and employment within the 
study area, nor the rates of change in these levels, 
can be prescribed in this plan; rather, such levels 
and changes will be a function of the attractiveness 
of the study area and of the Southeastern Wiscon
sin Region relative to other areas of the Region 
and other regions of the United States. In the 
preparation of the storm water drainage and flood 
control plan, therefore, future popUlation and 
economic activity levels had to be forecast. These 
forecasts could then be converted to demands for 
land within the study area, and storm water drain
age and flood control plans could be prepared to 
meet such demands. 

Basis of Population and 
Economic Activity Forecasts 
It is important to note that the population and 
employment forecasts presented in this section 
were not independently prepared for the study 
area, but were based upon forecasts prepared for 
and used in the preparation of other regional plan 
elements, including areawide land use, transporta
tion, sanitary sewerage system, and watershed 
plans. The use of these forecasts helped to assure 
consistency between the study area 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 storm water drainage, flood control planning 
effort were based upon a regional forecast devel
oped using an "alternative futures" approach. 
Under this approach, alternative futures were 
postulated for the Region considering potential 
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changes in the key external factors affecting the 
development of the Region, including the cost and 
availability of energy, individual and family life
styles, and the ability of the Region to compete 
with other regions of the United States for devel
opment. The range of population and economic 
activity levels attendant to these alternative futures 
was believed to represent 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 distributions, 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 moderate 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, existing urban centers in the 
Region. The other envisions that much of this 
growth will be accommodated in a decentralized 
manner, with new urban development occurring 
at low densities in a defused pattern well beyond 
the limits of 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 redistribution of popula
tion and employment will be accommodated in a 
centralized manner. The other of these futures, the 
"pessimistic growth decentralized development" 
future, envisions that any redistribution of popula
tion and employment will be accommodated in a 
decen tralized manner. 

It was determined by the Technical Advisory Com
mittee overseeing the study that the population 
and employment levels envisioned under the opti
mistic growth centralized development alternative 
would be used in the planning process. The use of 
this alternative future represents a conservative 
approach to the stormwater drainage and flood 
control planning process. This alternative, as 
already noted, envisions a moderate increase in 
population and economic activity levels within the 
study area, and therefore represents a reasonable 
extreme of land use development which could 
occur within the study area within the next two 
decades. In addition, this future would have the 
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greatest effect on stormwater drainage and flood
ing conditions within the study area. Moreover, the 
spatial distribution, population, 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 within the study area. 

Population Growth 
As indicated in Table 18 and Figure 7, the regional 
population forecast selected as a basis for the study 
area planning effort anticipates that the resident 
population of the Region will reach 2.2 million 
persons by the year 2000. This would represent an 
increase of about 476,000 persons, or 27.3 percent, 
over the 1985 level of 1.74 million persons. This 
anticipated population increase-equivalent to 
about 31,700 persons per year from 1985 to 2000 
-is more than twice the actual rate of increase of 
13,400 persons per year experienced from 1930 to 
1985, but still less than the actual rate of increase 
of 33,300 persons per year experienced from 1950 
to 1960. Under the pessimistic growth scenario, 
the population of the Region in the year 2000 
could be as low as 1,690,00. This level represents a 
decrease of 3,500 persons per year from 1985 to 
2000. The study area forecast, based upon norma
tive areawide land use development objectives, 
envisions a reversal of recent trends. Under the 
forecast, the popUlation of the study area may 
be expected to increase from the 1985 level of 
1,042,600 to 1,249,000 in the plan design year 
2000. This represents an increase of about 206,500 
persons, or about 19.8 percent, over the 1985 
popUlation level. This anticipated popUlation 
increase-equivalent to about 13,700 persons per 
year from 1985 to 2000-is more than twice the 
actual rate of increase of 5,600 persons per year 
experienced from 1930 to 1985, but significantly 
less than the actual rate of increase of 20,800 
persons per year experienced from 1950 to 1960. 
Under the pessimistic growth decentralized devel
opment scenario, the popUlation of the study 
area in the plan design year 2000 could be as low 
as 851,900 persons. 

Employment Growth 
Employment activity as measured in terms of 
employment opportunities does not link function
ally to the study area pattern within southeastern 
Wisconsin. Rather, the forces determining eco
nomic activity originate and are sustained over the 
entire urbanized region. Under the alternative 



Table 18 

POPULATION WITHIN THE REGION AND STUDY AREA: SELECTED YEARS 1930-2000 

Area 1930 1940 1950 1960 1970 

Region 1,006,100 1,067,700 1,240,600 1,573,600 1,756,100 

Study Area 733,600 777,500 893,100 1,101,700 1,151,600 

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

Figure 7 

POPULATION TRENDS AND FORECASTS 
FOR THE REGIONAL STUDY AREA: 1930-2000 
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future selected as the basis for this planning pro
gram, employment levels within the Region are 
envisioned to increase substantially between 1985 
and the plan design year. As indicated in Table 19, 
the regional employment level, which stood at 
871,900 in 1985, is envisioned to increase by 
144,100 employees, or 16.5 percent, to a level of 
1,016,000 by the year 2000. Under the pessimistic 
growth scenario, however, employment in the 
Region in the year 2000 could be as low as 
886,900. Within the study area, based upon the 
alternative future selected as a basis for study area 

Population 

Change 193(J..1985 Change 1985·2000 

1980 1985 Absolute Percent Year 2000 Absolute Percent 

1,764,900 1,742,700 736,600 lJ..2 2,219,300 476,000 27.3 

1,066,400 1,042,600 309,000 42.1 1,249,100 206,500 19.8 

planning, the employment level of about 592,200 
in 1985 was envisioned to increase by 60,100, or 
10.1 percent, to 652,300 in the year 2000. Under 
the pessimistic growth decentralized development 
scenario, however, employment in the study area 
in the plan design year 2000 could be as low as 
566,000. 

Land Use Demand 
Because of the population and employment 
increases envisioned within the study area by the 
year 2000, the continued conversion of rural land 
to urban use may be expected to be required 
within the study area. Between 1963 and 1985, 
45.0 square miles of land were converted from 
rural to urban use within the study area, increasing 
the proportion of the total area of the study area 
in urban use from about 47 percent in 1963, or 
about 176 square miles, to 58.5 percent in 1985, 
or about 221.4 square miles. The alternative future 
selected as a basis for study area planning envisions 
the conversion of an additional 20 square miles of 
land from rural to urban use between 1985 and the 
year 2000, an increase of about 9 percent. By the 
plan design year, then, approximately 241 square 
miles, or about 64 percent, of the 378-square-mile 
study area would be in urban use. 

SUMMARY 

The planning and design of urban stormwater 
drainage and flood control systems requires know
ledge about and consideration of certain man-made 
and natural features of the area to be served. This 
chapter describes those man-made and natural 
features of the planning area that affect and are 
affected by stormwater drainage and flood con
trol facilities. 
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Table 19 

EMPLOYMENT WITHIN THE REGION AND STUDY AREA: EXISTING 1972-1985 AND PROJECTED YEAR 2000 

Employment 

Change 1972-1985 Change 1985-2000 

Area 1972 1985 Absolute Percent Year 2000 Absolute Percent 

Region 748,800 871,900 123,100 16.4 1,016,000 144,100 16.5 

Study Area 538,700 592,200 53,500 9.9 652,300 60,100 10.1 

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

The geographic area delineated for drainage and 
flood control planning in the greater Milwaukee 
area encompasses about 379 square miles and 
occupies all of Milwaukee County, as well as 
portions of Ozaukee, Racine, Washington, and 
Waukesha Counties. This area includes all or 
portions of 15 cities, 14 villages, and 8 towns. 

The resident population of the study area in 1985 
was estimated at 1,042,600 persons, or about 60 
percent of the estimated 1,742,700 persons then 
residing within the seven counties in the South
eastern Wisconsin Region. The study area exhibited 
significant increases in population from 1950 to 
1970, and then marked decreases from 1970 to 
1985. The relative gain in population in the study 
area over the 1950 to 1960 time period-about 23 
percent-was significantly higher than that in the 
State of Wisconsin or the United States, but some
what lower than that in the Region, during the 
same time period. While the study area and the 
Region experienced population declines from 1970 
to 1985, the State of Wisconsin and the United 
States continued to experience population 
increases, although at a lower rate than during 
previous decades. 

The median household income in the study area 
showed a significant gain between 1959 and 1969, 
but almost half of the civil divisions in the study 
area experienced losses in household income as 
expressed in constant 1979 dollars between 1969 
and 1979. Average household size in the study area 
continued to decline in all civil divisions between 
1960 and 1980. As of 1980, only one civil division 
in the study area had an average household size of 
greater than four persons, while 15 civil divisions 
exhibited average household sizes of fewer than 
three persons. The median age of the resident 
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population in the study area continued to increase. 
In 1960, 27 civil divisions within the study area 
had resident populations with a median age of less 
than 30 years. In 1980, only six civil divisions 
within the study area had a popUlation exhibiting a 
median age of less than 30 years, and there were 
three communities which, for the first time, had 
median ages of greater than 40 years. 

Total jobs in the study area increased by over 
53,100, or 10 percent-from 538,700 in 1972 to 
about 591,800 in 1980. The industrial group 
included the largest number of jobs in the study 
area in 1972-over 208,900 jobs, or almost 39 per
cent. Service jobs, however, exhibited the largest 
absolute percentage increase from 1972 to 1980, 
about 31,500 jobs, or 21 percent-from 148,800 
jobs in 1972 to about 180,300 jobs in 1980. In 
1985, the service group provided the largest num
ber of jobs, over 199,100, or about 34 percent of 
the jobs in the study area. The service group also 
exhibited the largest absolute and percentage 
increases during the 1980 to 1985 time period, 
increasing by about 18,800 jobs, or about 10 per
cent, over 1980 levels. The industrial group exhib
ited the largest absolute decrease from 1980 to 
1985, decreasing by about 27,000 jobs, or about 
13 percent-from about 210,400 in 1980 to about 
182,700 jobs in 1985. 

Urban land uses in the study area encompassed 
over 176 square miles, or about 47 percent of the 
study area, in 1963. Urban lands in the study area 
increased to over 198 square miles, or 52 percent 
of the study area, by 1970, and to 216 square 
miles, or 57 percent of the study area, by 1980. By 
1985, urban land uses encompassed over 221 
square miles, or more than 58 percent of the 
study area. The largest increases in urban land uses 



during this time period occurred in residential land 
use, which increased over 19 square miles; and in 
transportation, communication, and utility uses, 
which increased more than 15 square miles. 

In 1985, sanitary sewage generated in the study 
area was conveyed to and treated at six public 
sewage treatment plants. About 221 square miles, 
or 58 percent of the total study area, and approxi
mately 1,019,900 persons, or 98 percent of the 
total study area population, were served by public 
sanitary sewerage facilities in 1985. 

In 1985, there were a total of 21 publicly owned 
water utilities, as well as 105 nonmunicipal coop
eratively owned residential water supply systems in 
the study area. About 188 square miles, or about 
50 percent of the total study area, and approxi
mately 962,500 persons, or 92 percent of the study 
area population, were served with public water 
supply facilities in 1985. 

The study area is well served with highway, bus, 
railway, and air transportation facilities. In 1985, 
the study area included an extensive street and 
highway system, including 85 linear miles of 
freeway and about 905 linear miles of surface 
arterials. In addition, there were about 2,633 linear 
miles of collector and land access streets in the 
study area. Two types of bus service were provided 
in 1985-urban mass transit and inner city bus 
service. Urban mass transit service within the study 
area was provided by the Milwaukee County 
Transit System and Waukesha County, which 
together provided service to 152 square miles, or 
40 percent of the study area, and 871,600 persons, 
or 84 percent of the resident popUlation of the 
study area. Railway service in 1985 was limited to 
freight hauling except for scheduled Amtrak pas
senger service over the lines of the Soo Line Rail
road between the Amtrak passenger station in the 
City of Milwaukee, the only stop in the study area, 
and Chicago to the south and Minneapolis-St. Paul 
to the northwest. There are three public-use 
airports located in the study area, including Mil
waukee County's General Mitchell International 
Airport (General Mitchell Field), which is served 
by 15 air carriers providing passenger service on a 
regularly scheduled basis, as well as air cargo 
service. In addition to Mitchell Field, the study 
area is served by Timmerman Field located on the 
northwest side of the City of Milwaukee, and 
Rainbow Airport, which is limited to general 
aviation activity, located in the City of Franklin. 

Air temperatures and the type, intensity, and 
duration of precipitation events are major deter
minants of the rate and volume of storm water 
runoff. The temporal weather changes consist of 
marked variations in temperature, precipitation, 
relative humidity, wind speed and direction, and 
cloud cover. These meteorological events influence 
the rate and amount of stormwater runoff, the 
severity of storm water drainage and flooding 
problems, and the required capacity of stormwater 
conveyance and storage facilities. 

Mean summer temperatures in July and August in 
the study area are in the 70° F range. Average daily 
maximum temperatures for these two months 
range from 78°F to 82°F, whereas average daily 
minimum temperatures vary from 57°F to 61°F. 
Temperatures in the study area measured by 
monthly means for January and February range 
from 17° F to 23° F. Average daily maximum 
temperatures for these two months vary from 
about 26° F to 31°F, whereas average daily mini
mum temperatures range from about 8°F to 15°F. 

Average annual total precipitation in the study area 
is about 29.8 inches expressed as water equivalent, 
while the average annual snowfall is 49.7 inches. 
More than 19 inches, or 64 percent, of the average 
annual precipitation normally occurs during the 
April to 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 about 49.7 inches is 
equal to about 4.97 inches of rain, and therefore 
only about 16 percent of the average annual 
precipitation occurs as snowfall. Ground frost or 
frozen ground is likely to exist in the study area 
for approximately four months each winter season, 
extending from late November to March, with 
more than six inches of frost normally occurring in 
January, February, and the first half of March. 

The study area is comprised of all or portions of 
seven watersheds, including 24.9 square miles, or 
all, of the Kinnickinnic River watershed, which 
encompasses about 6.6 percent of the study area; 
135.9 square miles, or all, of the Menomonee River 
watershed, which comprises 35.9 percent of the 
study area; 92.6 square miles, or about 13.4 
percent, of the Milwaukee River watershed, which 
comprises about 24.5 percent of the study area; 
27.2 square miles, or all, of the Oak Creek water
shed, which comprises about 7.2 percent of the 
study area; 78 square miles, or about 38 percent, 

65 



of the Root River watershed, which comprises 19.8 
percent of the study area; and 22.8 square miles, or 
23.9 percent, of the land directly tributary to Lake 
Michigan, which comprises about 6 percent of the 
study area. In addition, about one-half square mile 
of the Fox River watershed located within the 
southwest portion of the City of Franklin is 
located within the study area. 

Large-scale topographic maps prepared to Commis
sion standards, which include monumented control, 
are available for 222 square miles, or 59 percent, of 
the study area. A total of 1,412 U. S. Public Land 
Survey corners in the study area have been, or are 
being, relocated, monumented, and tied to the 
State Plane Coordinate System, representing 80.6 
percent of such corners in the study area. 

These large-scale maps facilitate the hydrologic and 
hydraulic studies required for drainage and flood 
control planning and engineering, including the 
delineation of drainage basins, stream network con
figuration, and stream profiles and cross-sections. 
The maps are essential for the accurate and precise 
delineation of flood hazard areas along streams and 
watercourses and in the determination of monetary 
flood damages. Finally, such maps are essential for 
the sound preliminary and final engineering of 
required drainage and flood control improvements, 
for the acquisition of flood hazard areas for park 
and open space purposes, and for the proper 
exercise of public land use controls to protect 
floodwater conveyance and storage capacities. 
These maps are also useful for many other types of 
municipal planning and public works functions. 

Surface elevations in the study area range from a 
high of over 1,100 feet above National Geodetic 
Vertical Datum (NGVD)-Mean Sea Level Datum
in the Town of Richfield in the northwest portion 
of the study area, to approximately 580 feet above 
NGVD at the mouth of the Milwaukee River as it 
enters Lake Michigan. 

Bedrock topography was shaped by preglacial and 
glacial erosion of the exposed bedrock. The consoli
dated bedrock underlying the study area generally 
dips eastward at a rate of 25 to 30 feet per mile. 
The bedrock surface ranges from about 800 
NGVD in the western part of the study area, to 
less than 400 feet NGVD at the mouth of the 
Milwaukee River. 

Because of the glacial deposits, few bedrock 
exposures, either natural or artificial, are available 
for scientific or recreational purposes. The indus
trial history of the Region is related to these 
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bedrock exposures. In addition, such exposures 
may also play an important role in education. 
These exposures have provided significant evidence 
of value to the understanding of local and regional 
geology and to establishing some new geologic 
concepts such as the presence of fossil reefs. Such 
bedrock exposures are threatened by various 
construction projects, including potential storm
water drainage and flood control improvement 
projects. 

Soil properties are an important factor influencing 
the rate and volume of stormwater runoff from 
land surfaces. The soil characteristics, slope, and 
vegetative cover of the land affect the degree of 
soil erosion which occurs during runoff events. 
With respect to watershed hydrology, the most 
significant soil interpretation for storm water 
management is the categorization of soils into 
hydrologic soil groups A, B, C, and D, with soils in 
the hydrologic soil group A category experiencing 
very little runoff because of high infiltration 
capacity, high permeability, and good drainage, 
and soils in hydrologic soil groups B, C, and D 
experiencing progressively larger amounts of run
off because of lower infiltration, low permeability, 
and poor drainage. Hydrologic soil groups A, B, C, 
and D cover 1 percent, 13 percent, 49 percent, and 
14 percent, respectively, of the study area. The 
remaining 23 percent of the study area is covered 
by disturbed soils. Sixty-three percent of the study 
area is covered by soils having poor or very poor 
drainage characteristics; such soils may be expected 
to generate relatively large amounts of stormwater 
runoff. 

The terrestrial vegetation in the study area may be 
divided into two broad land classifications-wet
lands and woodlands. Wetlands are those lands 
that are fully or partially covered with hydro
phytic plants and wet or spongy organic soils and 
that are generally covered with shallow standing 
water intermittently inundated or having a high 
water table. 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 
at least a 50 percent canopy cover. In 1985, 
wetlands covered 17.7 square miles, or about 5 per
cent, of the study area, while woodlands covered 
about 12.5 square miles, or about 3 percent, of the 
study area. 

There are no major lakes-that is, lakes having 50 
acres or more of surface area-within the study 
area. There are a number of minor lakes, which, 



together with the surface area of streams within 
the study area, encompass about three square 
miles, or less than 1 percent of the total study 
area. The value of these minor lakes and ponds is 
largely aesthetic. 

One of the most interesting, variable, and occasion
ally unpredictable features of the resource base is 
its river and stream system with its ever-changing 
and sometimes widely fluctuating discharges and 
stages. Perennial and certain intermittent streams 
within the study area total about 203 linear miles. 
Through the application of certain overriding 
considerations and three specific jurisdictional 
criteria to streams within the study area, the Mil
waukee Metropolitan Sewerage District has assumed 
jurisdiction for drainage and flood control pur
poses 113.0 linear miles of streams within existing 
District boundaries, or about 56 percent of the 
streams within the study area. In addition, 148.8 
linear miles of streams within the possible future 
District boundaries, or about 73 percent of the 
linear miles of streams in the study area, are 
eligible for District jurisdiction. The tributary 
drainage areas of streams recommended for District 
jurisdiction within existing District boundaries 
encompass 261 square miles, or 69 percent, of the 
total study area, and 298 square miles, or 79 
percent, of the study area within possible future 
District boundaries. 

The natural floodplain of a river is a wide, flat, 
gently sloping area, contiguous to and usually lying 
on both sides of the channel. A river or stream 
may be expected to occupy and flow on its flood
plain an average of once every two years. There
fore, the floodplain should be considered to be an 
integral part of the natural stream system. The 
extent to which a natural floodplain would be 
occupied by any given flood will depend upon the 
severity of the flood and, more particularly, upon 
its elevation or stage. An infinite number of outer 
limits of the natural floodplain may be delineated, 
each related to a specified flood recurrence inter
val. The natural floodlands, for purposes of this 
study, are defined as consisting of the river channel 
plus the 100-year floodplain. Floodlands within 
the study area occupy a total of 28.2 square miles, 
or approximately 7.5 percent of the study area. 

The delineation of selected natural resource and 
resource-related elements on a map results in an 
essentially linear pattern of relatively elongated 
areas which have been termed environmental 
corridors by the Commission. Primary environ-

mental corridors include a wide variety of impor
tant resource and resource-related elements and are 
at least 400 acres in size, two miles in length, and 
200 feet in width. Secondary environmental corri
dors typically connect with primary environmental 
corridors and are at least 100 acres in size and one 
mile in length. Primary environmental corridors in 
the study area generally lie along the major stream 
valleys, and contain almost all of the remaining 
high-value woodlands, wetlands, wildlife habitat, 
surface waters, and undeveloped floodlands in the 
study area. They also contain some of the best 
remaining potential park sites and are a composite 
of the best individual elements of the natural 
resource base. Primary environmental corridors 
encompassed about 27.1 square miles, or 7 percent, 
of the total study area in 1985. The secondary 
environmental corridors in the study area are 
generally located along intermittent streams or 
serve as links between segments of primary environ
mental corridor. Secondary corridors also contain a 
variety of resource elements, but are often remnant 
resources from the primary corridors which have 
been developed for other uses. Secondary environ
mental corridors in the study area, while not as 
important as the primary environmental corridors, 
should be preserved in essentially open, natural 
uses as urban development proceeds, particularly 
when opportunities are presented to incorporate 
such corridors into urban stormwater detention 
areas, associated drainageways, and neighborhood 
parks. Secondary environmental corridors encom
passed 10.8 square miles, or about 2.9 percent, of 
the total study area in 1985. 

PopUlation, employment, and land use demand 
forecasts selected as a basis for the preparation of 
the storm water drainage and flood control planning 
effort were based upon a regional forecast devel
oped using an "alternative futures" approach. Using 
this approach, alternative 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 represent reasonable extremes of future develop
ment conditions in the Region. Alternative land 
use patterns were then developed for each of 
these extremes in order to provide a range of 
spatial distributions, popUlation, and economic 
activity levels within the Region. 
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The regional population forecast selected as basis 
for the study area planning efforts-the optimistic 
growth, centralized development future-anticipates 
that the resident population of the Region will 
reach 2.2 million persons by the year 2000. This 
would represent an increase of about 476,000 
persons, or 27 percent, over the 1985 level of 1.74 
million persons. Under the pessimistic growth 
scenario, however, the population of the Region in 
the year 2000 could be as low as 1,690,000. The 
study area forecast is based upon normative 
areawide land use development objectives and 
envisions a reversal of recent trends. Under the 
forecast, the population of the study area may 
be expected to increase from the 1985 level of 
1,042,600 to 1,249,000 in the plan design year 
2000. This represents an increase of about 206,500 
persons, or about 19.8 percent, over the 1985 
population level. Under the pessimistic growth 
scenario, however, the population of the study 
area in the year 2000 could be as low as 851,900 
persons. 

Employment levels within the Region under the 
optimistic growth scenario are envisioned to 
increase from 871,900 in 1985 to 1,016,000 by 
the year 200G-an increase of 144,100 employees, 
or 16.5 percent, over the time period. Under the 
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pessimistic growth scenario, however, employment 
in the Region in the year 2000 could be as low as 
886,900. Within the study area, based upon the 
optimistic growth scenario, employment is envi
sioned to increase by 60,100, or about 10.1 per
cent-from 592,200 in 1985 to 652,300 in the 
year 2000. Under the pessimistic growth scenario, 
however, employment in the study area in the 
design year could be as low as 566,000. 

Because of the population and employment level 
increases envisioned within the study area by the 
year 2000, the continued conversion of rural land 
to urban use may be required. Between 1963 and 
1985, 45 square miles of land were converted from 
rural to urban use within the study area, increasing 
the proportion of the total area of the study area 
in urban use from about 47 percent in 1963 to 
over 58 percent in 1985. Under the alternative 
future selected as the basis for study area planning, 
the conversion of an additional 20 square miles of 
land from rural to urban use may be expected 
between 1985 and the plan design year 2000, an 
increase of about 9 percent. By the plan design 
year, then, approximately 241 square miles, or 
about 64 percent, of the 378-square-mile study 
area would be in urban use. 



Chapter III 

DRAINAGE AND FLOOD CONTROL OBJECTIVES, PRINCIPLES, 
AND STANDARDS AND DESIGN CRITERIA 

INTRODUCTION 

It is axiomatic that storm water drainage and flood 
control facilities must function as integrated 
systems over entire watersheds and that system 
plans are, therefore, required for the resolution of 
drainage and flooding problems. Major portions of 
the Kinnickinnic, Menomonee, Milwaukee, Oak 
Creek, and Root River watersheds, along with part 
of the Lake Michigan direct drainage area, are 
included within the existing and possible future 
Milwaukee Metropolitan Sewerage District bounda
ries. These watersheds comprise the logical units 
for flood control and stormwater drainage planning 
within the District. Certain aspects of the Commis
sion watershed planning process are therefore 
applicable to the District drainage and flood 
control system planning program. 

The formulation of development objectives and 
supporting standards is one of the most important 
steps in the Commission watershed planning 
process applicable to the District drainage and 
flood control system planning program. Soundly 
conceived drainage and flood control system 
development objectives should incorporate the 
knowledge of people who are best informed not 
only about the drainage and flood control prob
lems of the greater Milwaukee area, but also about 
drainage and flood control planning and engineer
ing. To the maximum extent possible, such objec
tives should be established by public officials 
legally assigned this task, assisted as necessary not 
only by planners and engineers but by interested 
and concerned citizens as well. This participation 
by public officials and concerned citizens as well as 
by knowledgeable technicians is important because 
of the value judgments inherent in any set of 
development objectives. 

The required broad level of participation in the 
District drainage and flood control system planning 
process is provided by the governing body of the 
District itself, which is composed of elected and 
appointed public officials and citizens; and by the 
Advisory Committee on Stormwater Drainage and 
Flood Control Planning for the Milwaukee Metro
politan Sewerage District and District Service Areas 

created by the governing body of the District to 
guide the drainage and flood control policy and 
system planning effort. That Committee is com
prised of knowledgeable state, district, county, 
and municipal officials, and concerned citizens. 
The full composition of this Committee is listed on 
the inside of the front cover of this report. One of 
the important functions of this Committee was to 
assist in the formulation of a set of drainage and 
flood control system development objectives which 
could provide a sound basis for drainage and flood 
control system plan design, test, and evaluation. 

This chapter sets forth the set of drainage and 
flood control system development objectives and 
supporting principles and standards approved by 
the Committee. Some of these objectives, princi
ples, and standards were originally formulated by 
the Regional Planning Commission under .regional 
water resources planning programs but were 
deemed relevant to formulation of a drainage and 
flood control system plan for the Milwaukee 
Metropolitan Sewerage District. Others were 
formulated specifically for the District system 
planning effort. 

In addition to presenting drainage and flood 
control system development objectives, principles, 
and standards, this chapter discusses certain 
engineering design criteria and analytic procedures 
used in the system planning effort to design 
alternative plan subelements, test the physical 
feasibility of those subelements, and make neces
sary economic comparisions between such sub
elements. The description of these criteria and 
procedures in this chapter is intended to help pro
vide an understanding by all concerned of the level 
of detail entailed in the system plan preparation, as 
well as of the need for refinement of some aspects 
of that system 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 which are 
similarly subject to a wide range of interpretation 
and application. The following definitions have 
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therefore been adopted by the Regional Planning 
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 gen
erally accepted tenet used to support objec
tives and prepare standards and plans. 

3. Standard: a criterion used as a basis of com
parison to determine the adequacy of plan 
proposals to attain objectives. 

4. Plan: a design which seeks to achieve the 
agreed-upon objectives. 

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 
an understanding of the following discussion of 
drainage and flood control system development 
objectives, principles, and standards. 

FLOOD CONTROL OBJECTIVES, 
PRINCIPLES, AND STANDARDS 

In order to be useful in the drainage and flood 
control system planning process, objectives not 
only must be logically sound and related in a 
demonstrable and measurable way to alternative 
physical development proposals, but must be 
consistent with, and grow out of, broader, area
wide development objectives. This is essential if the 
drainage and flood control plan is to comprise an 
integral element of a comprehensive plan for the 
physical development of the greater Milwaukee 
area, and if sound coordination of areawide land 
use and drainage and flood control facility develop~ 
ment is to be achieved. 

In its planning efforts to date, the Southeastern 
Wisconsin Regional Planning Commission has 
adopted a number of regional development objec
tives relating to drainage and flood control, after 
careful review and recommendation by various 
advisory and coordinating committees. These 
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objectives, together with their supporting principles 
and standards, are set forth in previous Commis
sion planning reports. One of the specific water 
control facility development objectives adopted by 
the Commission under other planning programs is 
applicable to the District drainage and flood 
control system planning effort. The second objec
tive for the District planning effort was developed 
from one of the standards set forth in previous 
Commission planning reports. Within the context 
of the District planning effort, this standard is 
more appropriately expressed as an objective. 
These objectives are: 

1. An integrated system of drainage and flood 
control facilities and flood land management 
programs which will effectively reduce flood 
damage under the existing land use pattern 
within the District boundaries and promote 
the implementation of the adopted land use 
plans for the watersheds in the District, meet
ing the anticipated runoff loadings generated 
by the existing and proposed land uses. 

2. An integrated system of flood control and 
storm water management facilities designed 
to minimize the negative impacts on fish and 
other aquatic life and to support the water 
use objectives set forth in the regional water 
quality management plan. 

Principles and Standards 
Complementing each of the foregoing water con
trol 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 princi
ples and standards, as they apply to drainage and 
flood control system planning, are set forth in 
Table 20, and serve to facilitate quantitative 
application of the objectives during plan design, 
test, and evaluation. In addition, Map 25 illustrates 
the application of the recommended water use 
objectives for streams within the Milwaukee 
Metropolitan Sewerage District and flood control 
study area. 

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 



Table 20 

WATER CONTROL FACILITY DEVelOPMENT OBJECTIVES, PRINCIPLES, 
AND STANDARDS FOR THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT 

OBJECTIVE NO.1 

An integrated system of drainage and flood control facilities and flood land management programs which will effectively 
reduce flood damage under the existing land use pattern within the District boundaries and promote the implementation of 
the adopted land use plans for the watersheds in the District, meeting the anticipated runoff loadings generated by the 
existing and proposed land uses. 

PRINCIPLE 

Reliable local municipal stormwater 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 waterways and 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 of the drainage and flood control facilities, 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 water
shed, 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 railway track and resultant 
disruption of traffic by floodwaters. 

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a 10-year recur
rence 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. Railways: 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 requirements of paragraph number 1 above, shall be designed so as to accommodate the 100-year 
recurrence interval flood event without raising the peak stage, either upstream or downstream, 0.01 foot or more above the 
peak stage for the 100-year recurrence interval flood, as established in the adopted drainage and flood control plan.a Larger 
permissible flood stage increases may be acceptable for reaches having topographic or land use conditions which could accom
modate the increased stage without creating additional flood damage potential upstream or downstream 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 commer-
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cial buildings, and important public utilities, shall be designed so as to pass the 1 DO-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 assessing 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 drainage and flood 
control system plan, as the basis for crossing modification or replacement recommendations designed to alleviate flooding and 
other problems. 

6. All new and replacement bridges and culverts over waterways shall be designed so as not to inhibit fish passage in areas 
that are supporting, or which are capable of supporting, valuable recreational sport and forage fish species. 

7. Channel modifications, dikes, and floodwalls should be restricted to the minimum number and extent absolutely necessary 
for the protection of existing and proposed land use development, consistent with the land use elements of the adopted com
prehensive plans for the watersheds within the District. The upstream and downstream effect of such structural works on 
flood discharges and stages shall be determined, and any such structural works which may significantly increase upstream or 
downstream peak flood discharges should be used only in conjunction with complementary 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 1 DO-year recurrence interval flood 0.01 foot or more in any unprotected upstream or 
downstream stream reaches.a Increases in flood stages that are equal to or greater than 0.01 foot resulting from any channel, 
dike, or floodwall construction shall be contained within the upstream or downstream extent of the channel, dike, or flood
wall, except where topographic or land use conditions could accommodate the increased stage without creating additional 
flood damage potential. 

8. In cases where a dike or floodwall is intended to protect human life, the minimum dike or floodwall top elevation shall be 
determined using whichever of the following produces the highest profile. 

a. The 1 ~O-year recurrence interval flood profile plus three feet of freeboard, or 

b. The 500-year recurrence interval flood profile. 

The height of low dikes or floodwalls that are not intended to protect human life shall be based on the high-water surface 
profiles for the 1 ~O-year recurrence interval flood prepared under the drainage and flood control plan, and shall be capable of 
passing the 1 DO-year recurrence interval flood with a freeboard of at least 2.0 feet. 

9. 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 flood
walls 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. 

10. Reduced regulatory flood protection elevations and accompanying reduced floodway or floodplain areas resulting from 
any proposed dams or diversion channels shall not become effective for the purposes of land use regulation until the reservoirs 
or channels are actually constructed and operative. 

11. All water control facilities other than bridges and culverts, such as dams and diversion structures, shall be designed to 
meet the spillway discharge capacity requirements of Chapter NR 333 of the Wisconsin Administrative Code.b According to 
Chapter NR 333, dams whose failure would present a low hazard to downstream human life and property shall have a mini
mum spillway capacity ranging from the 50-year recurrence interval flood to the 200-year recurrence interval flood, depend
ing on the size of the dam and on downstream land use and land use control classifications; dams whose failure could present 
a significant hazard to downstream human life and/or property shall have a minimum spillway capacity ranging from the 
200-year recurrence interval flood to the 500-year recurrence interval flood, depending on the size of the dam; and dams 
whose failure could present a high hazard to downstream human life and/or property shall have a minimum spillway capacity 
ranging from the 500-year recurrence interval flood to the 1 ,ODD-year recurrence interval flood, depending on the size of the 
dam. As applied by the Commission, the definition of hazard to property includes damage to homes, industrial and commer
cial buildings, and important public utilities and closure of principal transportation routes. 
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12. All water control facilities should be compatible with existing local stormwater management plans and as flexible as 
practical to accommodate future local stormwater management planning which shall include consideration of onsite control. 

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 flood
lands in open uses will serve to protect downstream riverine communities from the adverse effects of the actions of upstream 
riverine communities by discouraging flood land development that would significantly aggravate existing flood problems or 
create new flood problems; 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 con
tinuous linear system of open space; and will 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 maximum extent feasible accommodate existing, com
mitted, and planned floodplain land uses. 

3. In the determination of a hydraulic floodway, the hydraulic effect of the potential floodplain encroachment shall be 
limited so that the peak stage of the 100-year recurrence interval flood is not raised by 0.01 foot or more.a Larger stage 
increases may be acceptable if appropriate legal arrangements are made with affected local units of government and property 
owners. 

OB..IECTIVE NO.2 

An integrated system of flood control and stormwater management facilities designed to minimize the negative impacts on 
fish and other aquatic life and to support the water use objectives set forth in the regional water quality management plan. 

PRINCIPLE 

Surface water is one of the most valuable resources of southeastern Wisconsin; and, even under the effects of increasing 
population and economic activity levels, the potential of natural streamwaters to serve a reasonable variety of beneficial 
uses, in addition to the functions of flood-flow conveyance and waste transport and assimilation, should be protected and 
preserved. 

STANDARDS 

1. Stormwater drainage and flood control facilities should not degrade the existing water quality in streams and watercourses 
and should support those water use objectives and supporting water quality standards set forth in the adopted areawide water 
quality management plan as documented in SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan 
for Southeastern Wisconsin: 2000, Volume Three, Recommended Plan, June 1979, and subsequent duly adopted amend
ments thereto. The applicable water use objectives for the streams and watercourses concerned are indicated on Map 25. The 
supporting water quality standards were originally presented in SEWRPC Planning Report No. 30, and were revised in Vol
ume Two of SEWRPC Planning Report No. 37, A Comprehensive Plan for the Milwaukee Harbor Estuary, December 1987. 

2. Water control facilities should be designed to minimize adverse impacts on wetlands. 

73 



a Regional Planning Commission watershed studies conducted prior to the Kinnickinnic River watershed study used a standard 
of 0.5 foot. That standard was reduced in the Kinnickinnic River, Pike River, and Oak Creek watershed plans in order to be 
consistent with revisions to the Wisconsin Administrative Code. Chapter N R 116 of the Code 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. The 
July 1977 edition of Chapter NR 116 was repealed and a new Chapter NR 116 was created effective March 1, 1986. The new 
NR 116 provides that the maximum computed increase in flood stage must be less than 0.01 foot. In effect, the new code 
permits no increase in flood stage. Deviations from this Department standard may be approved by the Department if "the 
appropriate legal arrangements have been made with all property owners affected by the increased flood elevations" and if 
"any affected municipality (meets) all legal requirements for amending its water surface profiles, floodplain zoning maps, and 
zoning ordinances. " 

Although the Regional Planning Commission has adopted the numerically more stringent standard in order to be consistent 
with the Wisconsin Administrative Code, the Commission staff has repeatedly expressed concern with the use of 0.01 foot 
and, more particularly, with the accuracy of hydraulic computations that is implied by that standard. The Commission staff, 
in a June 15, 1984, letter to Mr. Larry A. Larsen, Chief of the Floodplain-Shoreland Management Section of the Wisconsin 
Department of Natural Resources, stated that "with the use of computerized methods of analysis, the numerical output of an 
evaluation could indicate an increase in stages of less than 0.1 foot but greater than 0.01 foot which, when reviewed, would 
be considered to be the result of the modeling technique and would, in reality, indicate that no increase in stage may be 
expected. " 

b Regional Planning Commission studies conducted prior to the Milwaukee Metropolitan Sewerage District storm water drain
age and flood control planning effort used a design spillway discharge capacity equal to the 100-year recurrence interval flood 
if failure of a water control facility would damage only agricultural lands and isolated farm buildings, and a design discharge 
capacity equal to the standard project flood or the more severe probable maximum flood where failure of a water control 
facility 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. The spillway discharge capaci
ty standards applied by the Commission prior to the District drainage and flood control planning effort were as stringent as 
or, in the case of use of the standard project flood or probable maximum flood, more stringent than the Wisconsin Depart
ment of Natural Resources guidelines applied prior to adoption of Chapter NR 333. The Commission has revised the previous 
standards to be consistent with Chapter N R 333 of the Wisconsin Administrative Code as it was created effective June 1, 1985. 

Source: SEWRPC. 

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 water control facility plans, 
but also in the development of plan implementa
tion policies and programs. 

Overriding Considerations 
When applying the drainage and flood control 
system development objectives, principles, and 
standards to the design, test, and evaluation of 
alternative plan elements, several overriding con
siderations must be recognized. First, it must be 
recognized that any proposed water control 
management facilities must constitute integral 
parts of a total system. It is not possible through 
application of the 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 
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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 and hydraulic simulation-to 
quantitatively test the performance of the pro
posed 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 as derived from the adopted land use 
plans. Second, it must be recognized that it is 
unlikely that anyone plan proposal will meet all 
the standards completely. Thus, the extent to 
which each standard is met, exceeded, or violated 
must serve as a measure of the ability of each 
alternative plan proposal to achieve the specific 
objective which the given standard complements. 
Third, it must be recognized that the objectives 
may in some cases be in conflict, and that such 
conflict will require resolution through com
promise; such compromise is an essential part of 
any design effort. 
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ALTERNATIVE FLOOD CONTROL MEASURES 

Drainage and flood control measures may be 
broadly subdivided into two categories: structural 
measures and nonstructural measures. Structural 
measures include floodwater storage facilities, such 
as wet and dry detention basins; percolation basins 
and infiltration devices; diversions; containment 
facilities, such as earthen dikes and concrete 
floodwalls; conveyance facilities, such as major 
channel modifications; and bridge, culvert, and 
dam modifications or replacements. N on structural 
measures include the preservation of floodlands for 
recreational and other open space uses; land use 
regulation, both within and outside floodland 
areas; utility extension policies; the extension of 
information; and structure floodproofing and 
removal. Table 21 lists structural and nonstructural 
measures for flood control that may be applied 
individually or in various combinations to portions 
of the streams and watercourses within the plan
ning area. Structural measures tend to be more 
effective in achieving the objectives of flood 
control in riverine areas that have already been 
urbanized, while nonstructural measures are 
generally more effective in riverine areas that have 
not been converted to flood-prone development 
but have the potential for such development. 

Structural Measures 
Each of the six structural floodland management 
measures set forth in Table 21 is described briefly 
below. Emphasis is placed on the function of each 
measure; on the key factors, or basic requirements, 
used to determine if the measure is applicable to a 
particular stream reach and related riverine area; 
and on some of the more significant general 
advantages and disadvantages of each measure. 

Storage: From the perspective of floodland manage
ment, the function of floodwater storage facilities 
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 recharge-as is the case with a 
retention pond-thereby decreasing downstream 
discharges and flood stages and associated flood 
damages. A key consideration in applying this 
alternative is the existence of sites of sufficient 
storage volume that are properly positioned 
upstream of flood-prone riverine areas and that are 
located so as to control the runoff from a signifi-
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cant portion of the total drainage area tributary to 
the flood-prone reaches. In addition, the site must 
be available; that is, it must not contain significant 
urban development. 

Centralized floodwater storage facilities, consisting 
of a relatively few but large facilities, may be 
directly located on the stream system, such as the 
case of a conventional reservoir, or may be located 
off the channel system as in an abandoned quarry 
or in excavated chambers in the underlying bed
rock. Decentralized storage facilities, consisting of 
relatively many but small facilities, may also be 
provided in the headwater areas of a stream system. 

Storage reservoirs may be of the detention type or 
of the retention type. The former type is designed 
to hold back or delay stormwater runoff tempo
rarily. The latter is designed for the long-term stor
age of storm water without release to the surface 
water drainage system. 

Storage facilities have the advantage of being able 
to potentially mitigate flooding along downstream 
channel reaches, in contrast with other structural 
measures which generally provide only more local 
flood relief. Storage facilities may also be multi
use, providing recreational, low-flow augmentation, 
water supply, and flood control benefits. The wet
type storage facilities may also provide nonpoint 
source water pollution control benefits down
stream from the facility. The disadvantages of 
storage include high capital costs; large land area 
requirements; in some cases potentially adverse 
water quality conditions within the impoundments; 
potentially unfavorable impacts on fisheries; 
relatively high ongoing maintenance costs; 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. 

Infiltration Devices: Infiltration devices are designed 
to serve the dual purpose of reducing the volume 
and rate of storm water runoff and reducing the 
pollutant contribution to receiving waters. Such 
devices include roof drain leaders directed to 
lawns, soak-away pits, infiltration trenches, perco
lation basins, grass swales and waterways, porous 
pavements, and perforated drainage systems. Roof 
drains connected to lawns, soak-away pits, grass 
swales, and infiltration trenches may be located in 
upland areas to control runoff and pollutants at 
the source. Percolation basins are generally located 



Table 21 

ALTERNATIVE FlOODlAND MANAGEMENT MEASURES 

Alternative 

Major 
Category Name Function Comment 

Structural Storage To detain floodwaters upstream of flood- May be accomplished by on-channel 
prone reaches for subsequent gradual release reservoirs or by off-channel or 

underground storage 

I nfi Itration To reduce stormwater runoff volumes, flow Include soak-away pits, infiltration 
devices rates, and contaminant contributions to trenches, percolation basins, grass 

receiving waters swales and waterways, porous pave-
ments, and perforated drainage 
systems 

Diversion To divert waters from a point upstream of Man entail legal problems 
the flood-prone reaches and discharge to an 
acceptable receiving watercourse outside 
the watershed 

Dikes To prevent the occurrence of overland --
and flow from the channel to floodland 
floodwaJls structures and facilities 

Channel To convey flood flows through a river May be accomplished by straightening, 
modification reach at significantly lower stages lowering, widening, lining, and otherwise 
and modifying a channel or by enclosing a 
enclosure major stream, including construction of 

a new length of channel for the purpose 
of bypassing a reach of natural stream 

Bridge and cu Ivert To reduce the backwater effect of May be accomplished by increasing the 
alteration or bridges and culverts waterway opening or otherwise 
replacement substantially altering the crossing 

or by replacing it 

Nonstructural Reservation of To minimize flood damage by using May be accomplished through private 
flood lands for floodlands for compatible recreational development, such as a golf course, 
recreational and and related open space uses and also or by public acquisition of the land 
related open to retain floodwater storage and or of an easement 
space use conveyance 

Floodland To control the manner in which new urban May be accomplished through zoning, 
regulations development is carried out in the flood- land subdivision control, sanitary and 

lands so as to assure that it does not building ordinances 
aggravate upstream and downstream 
flood problems 

Contro I of land To control the manner in which urban --
use outside development occurs outside the flood-
the flood lands lands so as to minimize the hydrologic 

impact on downstream flood lands 

Flood To minimize monetary Joss or reduce Premiums may be subsidized or 
insurance monetary impact on structure owner actuarially determined 

Lending To discourage acquisition or construction --
institution of flOOd-prone structures by means of , 
policies mortgage granting procedures 

Realtor To discourage acquisition or construction of --
policies flood-prone structures by providing flood 

hazard information to prospective buyers 

Community To discourage construction in flood-prone --
utilitY areas by controlling the extension of 
policies utilities and services 

Emergency To minimize the danger, damage, and Such a program may include installation 
Programs disruption from impending flood events of remote stage sensors and alarms, road 

closures, and evacuation of residents 

Structure To minimize damage to structures by applyJng --
floodproofing a combination of protective measures and 

procedures on a structure-by-structure basis 

Structure To eliminate damage to existing structures --
removal by removing them from flood-prone areas 

Source: SEWRPC_ 
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at stormwater outfalls and can be used in conjunc
tion with grass waterways, porous pavements, and 
perforated drainage systems to reduce runoff and 
pollutant loadings from all sources contributing to 
the drainage network. The detailed design of 
infiltration devices is highly site-specific and may 
require field testing of soils and infiltration rates. 

Infiltration devices have the advantage of control
ling both stormwater runoff and pollutant loadings. 
Such devices may also reduce downstream storm 
drainage system costs by reducing flow rates and 
volumes, may increase groundwater recharge, and 
may aid in the maintenance of base streamflows 
during dry-weather periods. Infiltration devices 
have the greatest practical application, and the 
greatest flexibility in installation, in rural and 
suburban areas. The disadvantages of such devices 
are the difficulties entailed in introducing such 
devices into existing urbanized areas; frequent and 
costly maintenance requirements; adverse secon
dary effects such as wet basements, excessive 
operation of sump pumps, excessive infiltration of 
clear water into sanitary sewerage systems, and 
groundwater contamination; and the creation of 
unstable conditions for and damage to pavements 
and structures, particularly in wet, cold climates. 

Diversion: The function of a diversion is to inter
cept potentially damaging flood flows at a location 
upstream of the flood-prone reach and to convey 
those flows to an acceptable receiving watercourse 
beyond the flood-prone reach or outside the 
watershed in which the flood mitigation is required. 
Diversion alternatives require a control structure 
located on the stream channel that establishes the 
stage at which the diversion process will begin and 
the rate at which it will occur; and an open channel 
or closed conduit conveyance facility to carry the 
diverted floodwaters from the stream to the point 
of discharge. A key consideration in assessing the 
applicability of diversion is the availability of a 
suitable diversion route, or alignment, and an 
adequate receiving watercourse to which the 
floodwaters may be diverted without harmful 
physical effects or legal challenge. 

Diversion, like storage, has the potential to abate 
flooding along downstream channel reaches. 
Disadvantages include high capital costs, potential 
legal liabilities entailed in the transfer of water 
between watersheds, and the false sense of security 
regarding downstream flood dangers that may 
develop as a result of the construction of a diver
sion facility. This alternative does not lend itself to 
the ready incorporation of nonpoint source water 
pollution abatement actions. 
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Dikes and Floodwalls: Earthen dikes and concrete 
or sheet steel flood walls are means of providing 
flood control in certain damage-prone stream 
reaches. The function of dikes and flood walls is to 
contain the floodwaters; that is, to prevent the 
occurrence of lateral overland flow from the 
channel to adjacent floodland areas containing 
flood damage-prone structures and facilities. A key 
consideration in the application of this measure is 
the availability of sufficient space between the 
stream channel and the land uses that are to be 
protected to permit the construction of the dikes 
or floodwalls, the latter having the advantage of 
requiring a narrower strip of land. 

During major flood events, high river levels may 
reverse the flow in the local storm water drainage 
system, resulting in the movement of floodwaters 
from the stream into developed riverine areas, 
causing inundation and damage. To prevent such 
backflow into protected areas, dikes and floodwalls 
normally must be supplemented by backwater 
gates on storm sewer and drainage outlets that have 
inlets at elevations approximating the design flood 
stage. Backwater gates function 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. 

Backwater gates may, however, create local drain
age problems attributable to the accumulation of 
storm water runoff which does not have access to 
the stream because of the closed gate. Areas 
susceptible to the resulting inundation can be 
afforded protection through the provision of 
pumping stations to convey the impounded storm 
drainage over the dikes and floodwalls to the 
stream during major flood events. 

An important factor which must be considered in 
the design of dikes and floodwalls is the flood stage 
against which protection is to be provided. This 
stage may be higher than the "natural" stage as a 
result of the lateral constriction imposed on the 
stream by the dikes and floodwalls. This higher 
stage, together with an appropriate freeboard, must 
be used to establish the crest elevation of the dikes 
and floodwalls. 

An advantage of dikes and floodwalls is that they 
can generally provide local protection quickly. 
Disadvantages of such facilities include high capital 
costs, the potential for increasing upstream flood 
stages, and the potential for reducing the flood
water storage capacity of the stream and attendant 
floodlands, thereby increasing downstream dis-



charges and associated stages. These facilities can 
also have a perceived negative aesthetic impact, and 
may engender a false sense of security about flood 
dangers. 

Channel Modification and Enclosure: Channel 
modification may include one or more of the fol
lowing changes to the natural stream channel, all 
designed to increase the capacity of that channel: 
straightening, and deepening and widening; place
ment of a concrete invert and partial sidewalls; and 
reconstruction of selected bridges and culverts as 
needed. In some instances, a completely new 
length of channel may be constructed. The stream 
channel may also be placed in a large covered 
conduit along or close to the alignment of the 
stream reach to convey floodwaters through an 
area in a manner that may substantially reduce 
overland flooding. 

The function of channel modifications or enclo
sures is to provide a lower, hydraulically more 
efficient waterway through which a given flood 
discharge can be conveyed at a substantially lower 
stage relative to that which would exist under 
natural or prechannelized conditions. Key consid
erations in applying this measure include the 
availability of required right-of-way of sufficient 
width to accommodate the modified or relocated 
channel, and the length of upstream and down
stream natural channel reaches that must be modi
fied to provide 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 can be quickly applied to local stream 
reaches. Such channels also have low maintenance 
costs. Disadvantages include a possible perceived 
negative aesthetic impact and the potential, 
because of the loss of channel storage, to aggravate 
downstream problems by increasing downstream 
discharges and stages. Channelization incorporating 
concrete inverts and sidewalls may have a harmful 
effect on fish and other biota and may result in the 
loss of recreational uses. These structures may have 
a high capital cost and may contribute to increased 
flood stages and channel degradation in natural 
downstream reaches. 

Bridge and Culvert Alteration or Replacement: 
Highway and railway bridges and culverts may 
significantly affect upstream flood stages and 
downstream flood stages and discharges and there
by aggravate existing flood problems or create 

such problems. Bridge and culvert alteration or 
replacement is intended to avoid or minimize the 
adverse hydrologic and hydraulic effects of existing 
bridges and culverts on flood flows and stages. This 
structural measure is normally most applicable in 
areas where the waterway crossings are relatively 
old and undersized. The usefulness of this struc
tural 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. 

Although bridge and culvert modification usually 
entails increasing the waterway opening of the 
structures to increase their capacity, there are 
situations in which it may be desirable to maintain 
the waterway opening of the existing structure or 
to actually decrease that opening in order to 
decrease downstream flood flows and stages. 

Nonstructural Measures 
Each of the nonstructural floodland management 
measures presented in Table 21 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 a watershed are dis
cussed. In addition, some of the more significant 
advantages and disadvantages of the various mea
sures are identified. 

Reservation of Floodlands for Recreational and 
Related Open Space Uses: There is a need in metro
politan areas for active and passive recreational and 
open space lands readily accessible to residents. 
Floodplains provide an ideal location for such lands 
both because recreational use frequently is compat
ible with the flood hazard and because other forms 
of intensive flood damage-prone urban develop
ment are incompatible with the flood hazard. 
Recreational and related open space use of flood
lands may be accomplished by several mechanisms, 
including public purchase or other acquisition in 
fee simple or purchase or other acquisition of 
easements. The principal advantage of this alterna
tive is its definitive nature and legal incontestability. 
The key disadvantage is the cost. Land developers 
may be receptive to dedicating floodlands to public 
open space use since floodlands are usually not 
well suited to urban development, not only because 
of the flood hazard but also because of soil and 
groundwater conditions and utility availability, 
since land subdivision regulations often require 
developers to provide a minimum amount of 
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recreational land as a part of a proposed urban 
development, and since existing floodland regula
tions may limit the extent of floodland develop
ment. It should also be noted that the preservation 
of floodlands for recreation and open space uses 
may also have a favorable impact on the value of 
property in proximity to the riverine area. 

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 the State 
Legislature. Such regulations are intended to miti
gate 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. 

Floodlands in Wisconsin are governed primarily by 
rules and regulations adopted by the Wisconsin 
Department of Natural Resources pursuant tb 
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 disadvan
tage is that they offer no relief from existing flood 
damage. 

Floodland use regulations as promulgated by the 
Wisconsin Department of Natural Resources pro
mote the use of a two-district flood way-floodplain 
fringe approach. This approach, in practice, pro
motes the development of all floodplain fringe 
areas located beyond the limits of the flood way. 
To avoid this problem, a three-district approach is 
often used in order to preserve as much of the 
floodplain fringe area in open uses as possible, 
thereby preserving the natural floodwater storage 
capacity of the riverine area. The Wisconsin Admin
istrative Code requires that flood ways be deline
ated so as to essentially not cause any increase in 
the regulatory or IOO-year recurrence interval 
flood stage. 

Although stipulation of an essentially "no stage 
increase" floodway eliminates or reduces some of 
the problems associated with the two-district 
flood way-floodplain fringe approach to floodland 
regulations, several significant disadvantages remain. 

80 

Under the Department's two-district approach, 
filling and development of the floodland fringe 
area is indiscriminately permitted under specified 
conditions. Such filling and development may lead 
to a marked increase in downstream flood dis
charges and stages. The delineation of a floodway, 
by constricting the cross-sectional flow area, may 
also increase flood stages, thereby laterally extend
ing the floodplain boundary and subjecting addi
tional lands and structures to floodland regulation. 
Also, floodland fill with development outside the 
floodway limits, but within environmentally 
critical areas, may lead to the destruction of 
environmentally sensitive riverine areas. 

Floodland and other land use recommendations 
can be made more effective for environmental 
corridor protection as well as for flood damage 
mitigation. For example, more comprehensive 
flood land regUlations in as yet undeveloped areas 
may simply designate a single floodland district 
from which all flood-prone development is 
excluded, or, as already noted, may incorporate a 
floodway, a developable floodplain fringe, and an 
undevelopable conservancy district. 

Chapter NR 116 of the Wisconsin Administrative 
Code provides for, but does not require, use of 
alternative floodland districts. For instance, 
Chapter NR 116 contains the designation of a 
flood storage district. The flood storage district is 
comparable to a floodplain conservancy district. If 
development would remove storage volume from a 
flood storage district, that development is not per
mitted unless either compensatory storage volume 
is provided or the entire flood storage district is 
rezoned to a floodlandfringe district. In the shal
low depth flooding district, development that 
would cause an obstruction to flood flows and 
would increase the IOO-year recurrence interval 
flood elevation is not permitted unless the entire 
shallow flooding district is rezoned to a floodland 
fringe district. 

Control of Land Use Outside Floodlands: It is 
important to regulate the manner in which urban 
development occurs outside, as well as within, 
floodlands so as to minimize the hydrologic and 
hydraulic impacts on floodland areas receiving 
runoff from tributary watershed areas. The hydro
logic and hydraulic interdependence between the 
land surface and the streamflow regimen of a 
watershed suggests that areawide land use planning 



is an essential part of effective flood control.' It is 
important, therefore, that structural and nonstruc
tural flood control measures be based upon an 
areawide land use plan which considers the hydro
logic-hydraulic consequences of the location of 
future urban development, the amount of impervi
ous surface in that development, and the manner in 
which storm water runoff from new development 
is controlled. 

Federal Flood Insurance: The federal government 
encourages the purchase of flood insurance by 
individual landowners to reduce the need for 
periodic federal disaster assistance. From the 
perspective of the owner of flood-prone residential, 
commercial, or industrial structures, federal flood 
insurance provides a means of distributing mone
tary flood losses in the form of an annual flood 
insurance premium. One of the requirements that 
must be met by a community before landowners 
can participate in the federal flood insurance 
program is that the community must enact land 
use controls which meet federal standards for 
floodland protection and development. A very 
close tie, therefore, exists between two of the 
nonstructural floodland measures-the federal 
flood insurance program and floodland regulations. 

Lending Institution and Realtor Policies: Lending 
institutions and realtors have gradually become 
more aware of the flood hazards associated with 
properties located in floodland areas. The interest 
of lending institutions and realtors in the flood
prone status of property has been intensified by 
the federal flood insurance program, which requires 
the purchase of flood insurance for any structure 
within a flood hazard area when the purchaser 
seeks a mortgage through a federally supervised 
lending institution. Under state regulation, it is 
incumbent on real estate brokers, salesmen, or 
their agents to inform potential purchasers of 
property of any flood hazards which may exist. 
The purpose of this regulation is to reduce the 
unwitting acquisition or construction of flood
prone structures by providing information to 
prospective buyers. 

, For a graphic demonstration of the potential 
impact of land use changes outside flood land areas 
on flood discharges, stage, and damage, refer to 
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. 

Utility Extension Policies: Under state regulation, 
sanitary sewer service may not be extended into 
flood hazard areas to the extent that such areas are 
a part of an environmental corridor. 2 Local com
munities may supplement this regulation by 
policies which prevent the extension of sewers and 
other public utility services, such as water supply, 
into any flood-prone areas. Such policies discour
age the development of flood-prone areas and help 
to avoid the need to construct flood control works. 

Emergency Programs: The function of an emergency 
program is to minimize the damage and disruption 
associated with flooding through a coordinated, 
preplanned action which is to be taken when a 
flood is impending or occurring. Such a program 
may include the installation of remote upstream 
sensors and alarms, preplanned road closures, 
evacuation of residents, and mobilization of 

2 An environmental corridor is defined by the 
Regional Planning Commission as an elongated area 
in the landscape encompassing the best remaining 
natural resource features of an area, including its 
lakes and streams and associated flood lands and 
shore lands; its woodlands, wetlands, and Wildlife 
habitat; areas of groundwater discharge and 
recharge; organic soils; and significant geological 
formations and physiographic features. By main
taining such corridors in essentially natural, open 
usetrthrough appropriate floodland and conserv
ancy zoning and through acquisition for public 
park and parkway purposes-groundwater and sur
face water quality will be protected and enhanced, 
soil erosion and sedimentation abated, air cleansed, 
Wildlife population maintained, and important 
scientific and educational areas protected. Such 
corridors are generally well suited to outdoor 
recreational use, but poorly suited to intensive 
urban uses. The exclusion of such urban uses from 
the corridors will minimize costly flood damages 
and attendant hazards to public health and safety, 
avoid excessive infiltration of clear water into 
sanitary sewer systems, and avoid wet basements 
and failures of foundations for buildings and 
pavements. The maintenance of such environmental 
corridors in natural, open uses will lend form and 
structure to urban development and provide a 
natural boundary to urban neighborhoods. In 
addition, such corridors provide excellent buffers 
between incompatible urban land uses, thus con
tributing to the aesthetic character and economic 
value of urban development and the stability of 
urban residential neighborhoods. 
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portable pumping equipment to relieve the sur
charge of sanitary sewers. In small watersheds, the 
"flashy" nature of the hydrologic-hydraulic system 
may preclude, as a practical matter, the effective 
implementation of any warning system as a part of 
the emergency program. 

Structure Floodproofing: Residential, commercial, 
and industrial structures located within or adjacent 
to floodlands are vulnerable to flood damage 
because of the variety of ways in which flood
waters can enter such structures. It is possible and 
generally practicable for individual owners to make 
adjustments to their structures and to employ cer
tain measures or procedures that will significantly 
reduce flood damages. This approach is referred to 
as floodproofing. 

Floodproofing techniques may be designed to 
prevent the entry of floodwaters into the structure 
or to ensure continuation of utility and other 
services during flood events, thereby protecting the 
structure contents in the event that floodwaters 
do, by design or otherwise, enter the building. 
Floodproofing measures should be applied only 
under the guidance of a registered professional 
engineer who has carefully inspected the building 
and contents, and has analyzed its structural 
integrity and evaluated the flood threat. A program 
of floodproofing could be initiated and supervised 
by the local community concerned. 

Floodproofing measures may include the installa
tion of backwater valves in sanitary sewer building 
connections, the operation of sump pumps to 
remove any floodwaters that enter the basement of 
a structure through foundation drains or other 
openings, the installation of waterproof seals at 
structural joints, the construction of earthen berms 
or masonry walls around the structure or cluster of 
structures, and the installation of glass block in 
basement window openings and flood shields over 
doorways or windows or other structure openings. 
Such measures may also include the elevation of 
electrical machinery and equipment above flood 
stage, and the elevation of existing structures to 
raise their first floors above flood stage. 

The principal advantage of floodproofing is that it 
provides a means by which individual property 
owners can unilaterally take action to protect 
flood-prone structures against flood damage. A 
significant negative aspect of flood proofing is the 
possibility that it may be applied without adequate 
professional engineering guidance, thereby leading 
to possible major damage to the structure, as well 
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as posing a threat to the health and safety of the 
owners, tenants, and users of the structure. Another 
negative attribute of floodproofing is the possibility 
that the technique will not be applied in a coordina
ted way throughout the entire flood-prone reach of 
the streams, thereby leaving a significant residual 
demand for flood relief. It should be noted that 
under current regulations, floodproofing will not 
remove the federal requirement for flood insurance. 

The preceding paragraphs discuss floodproofing to 
alleviate structure flooding caused by overbank 
flows from main watercourses. Another source of 
structure flooding is inadequate local drainage of 
storm water runoff from private land. Such inade
quate drainage can be caused by improper grading 
of individual lots, poor landscaping practices, and 
poorly maintained roof drainage and drain tile 
systems. These problems can only be resolved by 
private landowners on the basis of sound, site
specific, engineering guidance. Because of the site
specific nature of structure flooding caused by 
such localized drainage inadequacies, the allevia
tion of such flooding is not addressed in this 
system plan. 

Structure Removal: The removal of structures, in 
particular those structures having first-floor eleva
tions at or below the design flood stage, may 
constitute a cost-effective approach to flood 
damage control. 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 restora
tion 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. 

This approach has the advantage of enhancing the 
opportunity to develop the aesthetic appearance 
and recreational potential of riverine areas by 
restoring floodlands to an essentially natural, open 
use. A disadvantage of this alternative is the 
opposition likely to be encountered from some 
property owners even if offered an equitable 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. The removal of such structures may also 
result in a loss in tax base to the local civil division. 
The net cost to the community, however, may be 
considerably less than the amount of the taxes lost 
because of the compensating effect of other 



factors, including reduced costs of municipal 
services and of flood-related emergency services, 
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. 

ENGINEERING DESIGN CRITERIA 
AND ANALYTIC PROCEDURES 

Certain engineering design criteria and analytic 
procedures were utilized in the preparation of the 
District drainage and flood control system plan. 
More specifically, these criteria and procedures 
were used in the design of alternative plan subele
ments, in the test of the technical feasibility of 
those subelements, and in the making of the 
necessary economic comparisons. Although these 
engineering criteria and procedures are widely 
accepted and firmly based in current engineering 
practice, it is, nevertheless, believed useful to docu
ment them here. 

Rainfall Intensity-Duration
Frequency Relationships 
If local stormwater control and areawide water
course flood control measures are to be compatible 
and function in a coordinated manner, plans for 
both must be based on consistent engineering 
design criteria. A fundamental criterion for both 
local and areawide drainage and flood control 
planning and design is the rainfall intensity-dura
tion-frequency relationship representative of the 
area. 

The Commission has developed rainfall intensity
duration-frequency relationships based on precipita
tion records at the Milwaukee National Weather 
Service station. These relationships are shown 
graphically in Figure 8 and in mathematical equa
tion form in Table 22. The curves in Figure 8 and 
the equations in Table 22 are directly applicable to 
urban storm water control system design using the 
rational formula,3 with the equations being intend-

3 For a detailed description of the rational method 
with emphaSis on the use of soils, land use, and 
hydrologic data available for the seven-county 
Southeastern Wisconsin Planning Region, refer to 
"Determination of Runoff for Urban Storm Water 
Drainage System Design" by K. W. Bauer, SEWRPC 
Technical Record, Vol. 2, No.4, April-May 1965. 
The procedures used to obtain equations for 
intensity-duration-frequency relationships are des
cribed in "Development of Equations for intensity
Duration-Frequency Relationships" by Stuart G. 
Walesh, SEWRPC Technical Record, Vol. 3, No.5, 
March 1973. 

ed primarily for incorporation into digital compu
ter programs used in stormwater control system 
analysis and design. 

The curves in Figure 9, which relate total rainfall 
to duration and frequency, are convenient for use 
in basinwide hydrologic analysis. The variation 
of rainfall depth with tributary area and the 
seasonal variation of rainfall probability are shown 
in Figures 10 and 11, respectively. The relation
ships presented in Figure 11 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. applica
ble within the existing and possible future District 
boundaries, as well as within the Southeastern Wis
consin Planning Region. 

As noted above, the rainfall intensity-duration-fre
quency relationships are based on analyses of pre
cipitation records compiled at the Milwaukee 
National Weather Service station. These relation
ships were initially developed by the Commission 
in 1965 using rainfall data collected at the Milwau
kee station during the 49-year period from 1903 
through 1951. The statistical analysis of that 
rainfall data was revised under the Commission's 
Fox and Milwaukee River watershed studies in 
1969 to incorporate 15 years of additional rainfall 
data to determine if the additional historical record 
would alter the rainfall intensity-duration-fre
quency relationships. Only slight alterations were 
found, but as a result of the supplemental analysis, 
rainfall intensity-duration-frequency relationships 
were available for the 64-year period from 1903 
through 1966. 

The Commission once again revised the statistical 
analysis of historical rainfall data under the District 
study, incorporating 20 more years of record. 
The results of this analysis are incorporated in 
the figures and mathematical equations herein 
presented. Special consideration was given to the 
impact of the August 6, 1986, rainfall event on the 
revised rainfall intensity-duration-frequency rela
tionships, since this event resulted in a total of 
6.84 inches of rain over a 24·hour period. Separate 
statistical analyses were completed for the period 
1903 through 1985, and the period 1903 through 
1986, which included the August 6, 1986, rainfall 
event. These statistical analyses, which determine 
rainfall depths for specific combinations of dura
tion and recurrence interval, produced somewhat 
different results. Therefore, further analyses were 
conducted to determine if the rainfall data result-
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Figure 8 

POINT RAINFALL INTENSITY-DURATION-FREQUENCY CURVES FOR MILWAUKEE, WISCONSINa 
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Table 22 

POINT RAINFALL INTENSITY
DURATION-FREQUENCY EQUATIONS 

FOR THE MILWAUKEE METROPOLITAN 
SEWERAGE DISTRICT AND THE REGIONa 
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Figure 10 

RAINFALL DEPTH-DURATION-AREA 
RELATIONSHIPS IN THE MILWAUKEE 

METROPOLITAN SEWERAGE 
DISTRICT AND THE REGION 
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POINT RAINFALL DEPTH-DURATlON
FREQUENCY RELATIONSHIPS IN THE 
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Figure 11 

SEASONAL VARIATION OF RAINFALL EVENT DEPTH IN THE 
MILWAUKEE METROPOLITAN SEWERAGE DISTRICT AND THE REGION 
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Figure 12 

PROBABILITY PLOTS OF HISTORIC ANNUAL PEAK 
RAINFALL DEPTHS FOR 10-MONTH AND TWO-HOUR DURATIONS 
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ing from the August 6, 1986, rainfall event should 
be used to develop the revised rainfall intensity
duration-frequency relationships. 

The historical rainfall data used to develop the 
rainfall intensity-duration-frequency relationships 
consist of annual peak rainfall depths for specified 
durations. A probability plot of the 84 historical 
peak rainfall depths for each specified duration was 
completed.4 Two of these plots are set forth in 
Figure 12 as examples. The statistical analysis 
conducted produces a straight line approximation 
of the historical data, as shown in Figure 12, which 
are extrapolated to determine rainfall depths having 
recurrence intervals greater than the period of 
recorded data. As shown in Figure 12, the 10-
minute rainfall depth associated with the August 6, 
1986, rainfall event plots near the straight line 
approximation of the depths for the 83-year period 
from 1903 through 1985. Therefore, a straight line 
approximation of the 84-year period from 1903 

4The most efficient formula for computing plot
ting positions for unspecified distributions, and the 
one most commonly used for most sample data, is 

T=n+l 
m 

where: T is an estimate of the recurrence interval, 
n is the number of years of record, and 
m is the rank of the particular sample value, 
with the largest value equal to one. 
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through 1986, which includes the August 6,1986, 
event, varies only slightly from that for the 83-year 
period. This was also true for all of the other 
specified durations except the two-hour duration. 
As shown in Figure 12, the two-hour rainfall depth 
associated with the August 6, 1986, rainfall event 
does not plot near a straight line approximation of 
the previous 83 annual peak rainfall depths. There
fore, a straight line approximation of the 84-year 
period .from 1903 through 1986, which includes 
the August 6,1986, event, varies significantly from 
that for the 83-year period for a two-hour duration, 
as shown in Figure 12. When performing statistical 
analyses such as this, the addition of a single data 
value should not be allowed to significantly affect 
the resulting frequency relationships. Therefore, 
the two-hour rainfall depth associated with the 
August 6, 1986, rainfall event was regarded as an 
anomaly, and not included in the final statistical 
analysis which produced the revised rainfall inten
sity-duration-frequency relationships. 

Hydrologic and Hydraulic Analyses 
Recently developed water resources planning and 
engineering techniques make it possible to calcu
late existing and probable future hydrologic and 
hydraulic conditions in a watershed. These tech
niques involve the formulation and application of 
mathematical models that simulate the behavior of 
the surface water system based upon information 
such as meteorological, land use, and soil data, 

87 



and stream characteristics that determine the 
manner in which runoff from the land moves 
through the stream system. These models, which 
are usually programmed for digital computer 
application, permit the quantitative analyses of 
hydrology and hydraulics under existing and 
alternative future conditions as required in a sound 
planning effort. 

Model Selection Criteria: For areawide planning 
purposes, the mathematical 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, including 
the IOO-year recurrence interval, with suf
ficient accuracy for use in delineating flood
land 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 discharges 
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 water
shed; and 

5. Incorporate the hydrologic and hydraulic 
effects of alternative structural flood control 
works, such as channelization, dikes and 
floodwalls, and storage impoundments. 

Model Selection: As noted in Chapter I of this 
report, hydrologic and hydraulic analyses have 
been completed under previous Regional Planning 
Commission work programs for a majority of the 
streams for which recommended flood control 
systems were developed under the District study. 
Each of the hydrologic and hydraulic models 
developed under these previous work programs 
was reviewed under the District study. Where the 
base data for the models adequately reflected the 
existing and future land use conditions applied 
under the District study, the analyses made with 
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those models were used directly. Where existing or 
future land use conditions differed from those on 
which the previous models were based, the models 
were revised as necessary for use in the District 
study. 

Four different mathematical models were used in 
the development of flood discharges for the study 
area. Each of these models, which are described 
below, is considered to provide a proper simulation 
of the hydrologic performance of the particular 
watershed concerned. The selection of the model 
to be used depended upon the specific characteris
tics of the watersheds and upon the availability of 
necessary input data. 

The Hydrocomp hydrologic model was used for 
the development of flood discharges for the 
Menomonee River watershed, Kinnickinnic River 
watershed, and most of the stream reaches studied 
in the Root River watershed.5 The Hydrological 
Simulation Program-Fortran (HSPF), which repre
sents a refined version of the Hydrocomp model, 
was used for the development of flood discharges 
for the Oak Creek watershed.6 The Hydrocomp 
and HSPF models simulate streamflow on a con
tinuous basis using recorded climatological data as 
input. Flood discharges are developed by conduct
ing discharge-frequency analyses of the simulated 
annual peak discharges generated by the hydrologic 
model according to the log Pearson Type III 
method of analyses, as recommended by the 
U. S. Water Resources Council7 and as specified by 
the Wisconsin Department of Natural Resources.8 

Flood discharges for three streams in the Root 
River watershed-Whitnall Park Creek, WEMP 
Branch, and 113th Street Branch-were developed 

5 See Hydrocomp, Inc., Hydrocomp Simulation 
Programming Operations Manual, 4th Edition, 
January 1976. 

6 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. 

7 United States Water Resources Council, "Guide
line.s for Determining Flood Flow Frequency," 
Bulletin No. 17 of the Hydrology Committee, 
Washington, D. C., March 1976. 

8 "Wisconsin's Floodplain Management Program, " 
Wisconsin Administrative Code, Chapter NR 116, 
February 1986. 



using the model known as the Illinois Urban 
Drainage Area Simulator (ILLUDAS).9 This model 
uses discrete rainfall patterns for the selected 
recurrence interval design storms. Peak flow rates 
are determined by applying the rainfall patterns to 
contributing drainage areas to produce runoff 
hydrographs which are combined to form instream 
discharges. 

The "Computer Program for Project Formulation
Hydrology" (TR20) was used for the development 
of flood flows for Lincoln Creek in the Milwaukee 
River watershed.1 0 This hydrologic model converts 
design rainfall events into various recurrence 
interval flood discharges by computing land surface 
runoff and employing channel and reservoir rout
ing techniques to develop instream discharges. 

Flood discharges for the remaining streams in the 
Milwaukee River watershed and for Fish Creek in 
the Lake Michigan direct drainage area were devel
oped using the U. S. Army Corps of Engineers 
program called, "Flood Hydrograph Package."(HEC-
1) 1 1 This hydrologic model, like the ILLUDAS 
and TR20 models, simulates the surface runoff 
response of a drainage basin to a particular precipi
tation event. The model represents a drainage basin 
as an interconnected system of hydrologic and 
hydraulic components, such as a surface runoff 
entity, a stream channel, or a reservoir. Represen
tation of a component requires a set of parameters 
which specify the particular characteristics of the 
component and mathematical relations which 
describe the physical processes. The result of this 
modeling process is the computation of streamflow 
hydrographs at desired locations in the drainage 
basin. 

9 Michael L. Terstriep and John B. Stall, "The 
Illinois Urban Drainage Area Simulator, ILLUDAS, " 
Bulletin 58, Illinois State Water Survey, 1974. 

1 0 U. S. Department of Agriculture, Soil Conserva
tion Service-Engineering Division, "Computer 
Program for Project Formulation-Hydrology, " 
Technical Release No. 20, May 1965. 

1 1 U. S. Army Corps of Engineers, Hydrologic 
Engineering Center, Computer Program 723-X6-
L2010, HEC-1, Flood Hydrograph Package Users 
Manual, Davis, California, September 1981 (revised 
January 1985). 

For each of the models that used a design storm, 
the rainfall was distributed using the median dis
tribution for a first-quartile storm as developed by 
F. A. Huff.12 That distribution is representative of 
heavy storms within the Region. 

Flood profiles for all the streams for which recom
mended flood control systems were developed 
under the District study were developed using the 
U. S. Army Corps of Engineers program called 
"Water Surface Profiles.,,13 This hydraulic model 
uses a computational procedure known as the 
"standard step method" in floodland reaches 
between hydraulic structures such as bridges, cul
verts, and dams. Given a discharge and stage at a 
starting floodland cross-section, a trial stage is 
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, then a check is made to deter
mine 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. This 
computational process is then repeated for succes
sive upstream floodland reaches. The result is a 
calculated flood stage at each of the cross-section 
locations. The model also determines the hydraulic 
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. 

Design Flood 
The design flood adopted for the District drainage 
and flood control plan is that event having a 100-
year recurrence interval peak discharge under year 
2000 planned watershed land use and floodland 
development conditions. This discharge was 
determined for key locations selected throughout 
the watershed stream system and was used to 
delineate the 100-year recurrence interval flood
lands, which in tum served as the basis for develop-

1 2 F. A. Huff, "Time Distribution of Rainfall in 
Heavy Storms," Water Resources Research, Vol. 3, 
No.4, 1967, pp. 1007-1019. 

1 3 U. S. Army Corps of Engineers, Hydrologic 
Engineering Center, Computer Program 723-X6-
L202A, HEC-2, Water Surface Profiles Users Man
ual, Davis, California, September 1982. 
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ment 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 calcula
tion 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. In the final analysis, however, the 
selection of the design flood is as much a matter of 
public policy as it is of engineering practice and 
economic analysis. Sound engineering practice dic
tates that the flood used to delineate floodlands 
for land use regulation purposes 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 combinations of police power 
regulations, public acquisition, and public con
struction for flood damage abatement and preven
tion. The Regional Planning Commission has 
selected the 100-year recurrence interval flood as 
the design flood for all of its watershed planning 
efforts for the following reasons: 
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1. A 100-year recurrence interval flood gen
erally-with certain unusual exceptions
approximates, with respect to the amount of 
land inundated, the largest known floods 
that have actually occurred in the Region 
since its settlement by Europeans. Not all 
streams within the Region have experienced 
floods as large as the 100-year recurrence 
interval flood, and only one stream has 
experienced a flood flow which substantially 
exceeded a 100-year recurrence interval 
event. For example, the largest flood of 
record for the Menomonee River watershed, 
as recorded near the watershed outlet at 
Wauwatosa, is estimated to have had a 
recurrence interval of about 100 years. The 
two largest floods of record for the Milwau
kee River watershed, as measured near the 
watershed outlet at Milwaukee, are also 
estimated to have had a recurrence interval 
of about 100 years. The largest flood of 
record for the Fox River watershed, as 
observed near the watershed outlet at Wil
mot near the Wisconsin-Illinois border, is 
estimated to have had a recurrence interval 
of about 37 years. The largest flood of 
record for the Root River watershed, as 
determined in Racine at the watershed out
let, is estimated to have had a recurrence 

interval of about 80 years. 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 about 60 years. Within the 
Region, only the Kinnickinnic River has 
actually experienced a flood event signifi
cantly larger than the 100-year recurrence 
interval event. The peak flow on the Kinnic
kinnic River at 15th Street in the City of 
Milwaukee during the flood of August 6, 
1986, is estimated to have had a recurrence 
interval of greater than 500 years. On other 
streams in the Region, however, the highest 
recurrence interval flood caused by the 
storm of August 6, 1986, was a 40-year 
recurrence interval flood on the lower Meno
monee River. 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 that has actually 
occurred on several streams within the 
Region provides a means by which engineers, 
planners, and community leaders can mean
ingfully relate the seriousness of the flood 
problem to the public, and thereby obtain an 
understanding of the need for floodland 
management. 

2. The 100-year recurrence interval flood is 
judged to be a reasonably conservative 
choice when viewed in the context of the 
full range of possible regulatory flood events 
which could be used. A primary function of 
the regulatory flood is to define, by means 
of a floodplain and associated flood way , 
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 particu
lar 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 selec
tion 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 comprehensive Commis
sion 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 characteristic of the streams of 
the Planning Region, large increments of 
additional discharge 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 interval 
flood event and of a 100-year recurrence 
interval flood event are generally even 
smaller. The floodplains, moreover, are 
normally bounded on the outer fringes 
by relatively steep slopes leading to higher 
topography and, as a consequence of this 
lateral confinement, the area subject to 
inundation increases relatively little as floods 
increase in severity from the 10-year to the 
100-year event. 

Use of the 100-year recurrence interval flood 
event thus provides a greatly reduced proba
bility of occurrence, yet entails only a rela
tively 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 
196914 by the U. S. Water Resources 
Council, an organization composed of repre
sentatives of federal offices and agencies 
concerned with water resource problems. 
This recommendation, in effect, formalizes a 
generally accepted practice followed by 
federal agencies, such as the U. S. Army 

14 U. S. Water Resources Council, Proposed Flood 
Hazard Evaluation Guidelines for Federal Execu
tive Agencies, Washington, D. C., September 1969. 

Corps of Engineers and the U. S. Soil Con
servation Service, of using the 100-year 
recurrence interval flood as the design flood 
for water resources planning purposes. The 
Regional Planning Commission 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 recommenda
tion that the 100-year recurrence interval 
flood serve as the basis for floodland regula
tions in southeastern Wisconsin, the Wiscon
sin Legislature, in August 1966, enacted the 
State Water Resources Act. The Act author
izes and directs the Wisconsin Department of 
Natural Resources to carry out a statewide 
program leading to the adoption of reason
able and effective floodland regulations by 
all counties, cities, and villages. One of the 
requirements of the resulting state 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. 
Therefore, the use of the 100-year flood for 
land use regulatory purposes, as originally 
recommended by the Commission, is now 
mandatory within Wisconsin. 

Flood Control Facility Design Criteria 
Design criteria for the structural flood control 
measures listed in Table 21 are given below. 

Storage: When properly planned and designed, 
floodwater storage facilities can alleviate existing 
flooding problems and can mitigate the impacts of 
flooding under future land use conditions. Typical 
storage facilities are shown in Figure 13. The fol
lowing design criteria are to be used in the system 
planning for storage facilities. 

1. Storage facilities should be designed to 
mitigate downstream flood damages for 
floods up to and including the 100-year 
recurrence interval event under planned land 
use and channel system conditions. The 
performance of each facility should be 
evaluated for selected recurrence interval 
floods ranging from the 10-year recurrence 
interval flood up to the 100-year recurrence 
interval flood. Such evaluation will ensure 
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that the storage facility provides adequate 
reduction in flood peaks throughout the 
range of potential floods. 

2. Where practical, storage facilities should be 
designed to limit the design outflow to no 
more than the capacity of the existing 
downstream conveyance and storage systems. 

3. Where modification to, or replacement of, 
the existing downstream conveyance and 
storage system is necessary, any proposed 
upland storage facilities that are required 
should be sized to maximize the difference 
between benefits and costs of the combined 
storage and conveyance system. 

4. The effects of storage facilities on the dura
tion and magnitude of downstream flooding 
under future conditions as compared to 
existing conditions should be carefully 
examined. Because of routing through a stor
age facility, the outflow hydrograph should 
be significantly flattened in comparison to 
the inflow hydrograph, flows should be 
reduced, and the duration of peak, or 
near-peak, flows increased. When prolonga
tion of near-peak flows causes those flows to 
coincide with near-peak flows of downstream 
tributaries, storage facilities should be sized 
so as not to increase combined future down
stream flood peaks above the existing peaks. 
In cases where the increased duration of 
downstream flooding creates an unacceptable 
level of damages, even though the flood peak 
was limited to the existing condition peak, 
the storage facility should be sized to reduce 
the peak outflow and the duration of down
stream flooding to more acceptable levels. 
In some instances, the peak storage facility 
outflow may need to be reduced to an 
amount less than the existing subbasin out
flow in order to reduce the effects of a pro
longed peak. 

5. To the extent practical, storage facilities 
should be designed to prevent downstream 
bank erosion during frequent storm events. 

6. Storage provided through the use of dry 
detention basins minimizes maintenance. 
Accordingly, wet detention basins should be 
used only on a site-specific basis when war
ranted for recreational, aesthetic, water 
quality, or water supply purposes. 

Figure 13 

TYPICAL STORMWATER DETENTION 
STORAGE STRUCTURES 

PLAN 

STORM POND AREA 

SECTION 

DRY DETENTION BASIN 

DETENTION BASIN 

Source: SEWRPC. 

7. Where the use of wet detention basins is war
ranted for water quality purposes according 
to criterion 6, consideration should be given 
to selecting a pond area-outflow rate rela
tionship that will increase particle settling 
efficiencies without compromising the flood 
control objectives for the basin. 

8. To avoid short circuiting of flow and to 
maximize the detention efficiency of wet 
detention basins, the basin length-to-width 
ratio should approximate five, or baffles 
should be provided to increase the flow 
length. 

9. The average depths of wet detention basins 
should range between three and eight feet. A 
three-foot minimum depth is needed to mini
mize scour and resuspension of deposited 
sediments, and an eight-foot maximum 
depth will aid in reducing aquatic plant 
growth and will increase winter survival 
of fish. 



10. Storage depths on parking lots, truck stop
ping areas, and similar open spaces should 
not exceed six inches during the design flood 
event. 

11. Storage facilities that include dams or earth 
embankments to detain floodwaters should 
include an emergency spillway to pass flows 
in excess of the 100-year design flood, and 
should satisfy the applicable criteria of 
Chapter NR 333 of the Wisconsin Adminis
trative Code. 

Diversion: Peak flows, flood levels, and damages in 
a flood-prone reach can be reduced by diverting 
flow from the reach to a downstream point on the 
same watercourse, to another watercourse in the 
same watershed as the flood-prone reach, to a 
watercourse in another watershed, or to Lake 
Michigan outside the watershed. A typical diver
sion facility is shown in Figure 14. The following 
design criteria are to be used in the system planning 
for a diversion and the component parts of a diver
sion, which include the control structure, the 
diversion channel and/or conduit, and the outlet. 

1. Diversion facilities should be designed to 
mitigate downstream flood damages for 
floods up to and including the 100-year 
recurrence interval event under planned land 
use and channel conditions. 

2. The diverted flow should not cause flooding 
of unprotected lands adjacent to the diver
sion facilities except where topographic or 
land use conditions could accommodate the 
increased stage without creating additional 
flood damage potential. 

3. Open channels that are part of a diversion 
system should be designed according to the 
applicable criteria listed in the "Channel 
Modification and Enclosure" subsection of 
this chapter. 

4. Culverts or conduits that are part of a diver
sion system should be designed according to 
the applicable criteria listed in the "Bridge 
and Culvert Alteration or Replacement" sub
section of this chapter. 

5. If practical, the outlet of the channel or 
conduit should be aligned to permit a 
smooth transition for flow into the receiv
ing watercourse. 

6. Appropriate energy dissipation and/or ero
sion protection should be provided at the 
control structure, at any grade control 
structures, at the diversion channel outlet, 
along the diversion channel sides and bot
tom, and at conduits. The type of protection 
will be dictated by site-specific hydraulic 
considerations. 

7. Interior drainage facilities should be pro
vided where diversion channel dikes are 
constructed. 

Dikes and Floodwalls: Where the floodplain topog
raphy is flat and there is considerable damage
prone development in the floodplain, dikes and 
flood walls can be used to provide flood control. 
Typical dike and floodwall cross-sections are 
shown in Figure 15. The following design criteria 
are to be used in the system planning for dikes 
and floodwalls. 

1. Dikes and floodwalls should be designed to 
mitigate flood damages for floods up to and 
including the 100-year recurrence interval 
event under planned land use and channel 
conditions. 

2. The upstream and downstream effect of 
dikes and floodwalls on flood discharges and 
stages shall be determined, and any such 
structural works which may significantly 
increase upstream or downstream peak 
flood discharges should be used only in 
conjunction with complementary facilities 
for the storage and movement of the incre
mental floodwaters through the watershed 
stream system. 

3. Dikes or floodwalls shall not increase the 
height of the 100-year recurrence interval 
flood by 0.01 foot or more in any unpro
tected upstream or downstream reaches. 
Increases in flood stages that are equal to or 
greater than 0.01 foot resulting from any 
dike or floodwall construction shall be 
contained within the upstream or down
stream extent of the dike or flo odwall , 
except where topographic or land use 
conditions could accommodate the increased 
stage without creating additional flood 
damage potential. 

4. In cases where a dike or floodwall is intended 
to protect human life, the minimum dike or 

93 



Figure 14 

TYPICAL DIVERSION CHANNEL AND APPURTENANT STRUCTURES 

2-14' HIGH 
TAl NTER GATES 

SECTION BB .. ' 

DETAIL A 
CONTROL STRUCTURE 

PLAN 

"N 

~~===~~~~~.J 

SECTION CC 

GATES NOT SHOWN 

ABUTMENT 0" 2-as' SPAN = 
L.ENGTH 8RIOGE,INOI!PI!:NPENT+ 
01" OTHeR aTRUCTUAI!.-- ~ 

SECTION AA 

~ ~ 
EL. '1'.8.0 E\... Toa.o~i i 

E1.... 742.0 t~T-l--llt/~::-iL-=:~-==--------=~=:"::'~~_= ___ --.i~ 

GRAPHIC SCALI! 
o 10 20 so 
H 

-. " 
r·L"~''''. 

t-------
~----iL..----·r 

H 
~ ~ l 

-.. 

DETAIL B 
DROP STRUCTURE 

PLAN 

410' 
115' X2Z' CONCIltETI!: CONDUIT 

PROFILE 

LEVEE 

I 

-. --
~I 

VERTICAL SCALE 
o 10 20 
Fj 



.~ 

-it 
,-~'::T::'4~~~ruoo. 

/ ..-
,,,,,,,,-

. ' :!--m~"" "" V -;,'""'\ 

-L. I 
.. ..,, ~ ....... " 
i .. 1.':.:-.".:. ... 0 ,,_O''' 

/ .. .. c~~J'P _, .. u 

! 
! 1', 

" ~ 
• 

5700 

• 

i
MO 

I-
t 
g 01'0 , 
• 
~-• • =~ 

, 

-

-

-

" .-
-

-

-

!~ 
? . :"i_ 

"'- n . ... n .. 4g 

.~O.L Q.<><><>u 

L ". . .w, ., 0 .... "011 1"_" 

TVPICAL EARTH CHANNEL CROSS-SECTION 

il 
va.. '·" ... 1 I 

"'''' 4 00 r''''''''- 10 "'.~ i 

~= " . . . 
e",.r,,,, II ... , I I ~ 

~ L .. yU ....... IO'_ c od ,,01"". -, -, ... ·K ... z «fK_ I)_I. ~O 
-.~ - , _ _ .. C, 

~ ,,:. 
_n·iS'!:.:: . 1 .. ...;; -':;:"'::~: ' M , , 1V,.emf: ... _ .. "" _' ........ ,;.- "." .. ,'u" TO LU'."'" . "LL ............. ro- ......... 

$(enON WITHOUT U :vH S~'OOI"'T"LI:"'I:I: 

v .... , .... " 
........ ,?,·oOO-ro ..... ?_o 
...... T ......... :00 TO ..... .... 

' 1'0+00 110.00 ,- ,~~ , , , 

Figure 14 (continued) 

PROFILE 

I 

Ii t 
''tV ~ ! , 

~ j '\ 3 ' I \ , :';:.~::.:.'7! i 
'1 

'r Y : i' J; ~~_ ? ',o~ 
I-

,rl-:"u, ".UC:'UIt. ;I_;~ , In oua, .... 

.! , r~.-c' ''''' 0 .... ' .. '\ /'k. ·• .. ···:..,;i :1 .... Llvn "/~ L '" ura r1 
. ' ..... -..0 •. , .... -.. !-

pmouU u .. . ooo.o~ .. ~. "- /'V ro'::' -- '----, II' 15 '" ,', " r"" 1 10. . .... 0 ~ \' 
" 

n, ... u •• _I, .. , 
~ ..... ... :00 

H~O_U..=.... " .. " 
",," LW.

I
.' .... . ......... -.. 

:~:L::U·,~·~c~ 

, .~ ~.~ • . , . . . .. ~ . 

~ 

~ 

r 

, •• 
, •• 
, ,. 
, •• 
, ,. 
, •• 
, ,. 
, •• 
, ,. .~ 

t • 
~ " • 

~ 
~ . 

= o 

080 ; 

• 70 1 
~ 

- § 
• • 
~ . 

~ 
~ , 

! 
650 ~ 
u. 

• ,. 
~l , 
, 

d 
• .. 
, ,. 



3 
~ 

~ .. 0 
~ 
5 · > 
i · 
· 0 

~ 
~ 

",0 

PROFILE 
215 "'1" PAYED RECTANGLE 
VARIAB"'E ."I! 

eo' RECTAHGUL.AII CttANNIEL 

WAT~ SURFACe: 0'-0" DI!!!P 
Z' FREEBOARD TO TOP 0" WALL 

Figure 14 (continued) 

DETAIL C 
OUTLET STRUCTURE 

(I) THIS OIWItSION SYSTEM PLAN IS ItE,."OOUCEO. WITH THI! DI!!LETION 0" SOMI! MINOR DaTAIL.a, PROM PLATES 4.5,"NO. AS PUBLISHED IN 
SURVEY R!:PORT FOR FLOOD CONTROL-MILWAUK£e: RIVER AND ITS TRIBUTARIES, WISCONSIN. u.s. ARMY ENGINEER DI8T.UCT-CHICAGO.NOVEUBe.R, ••••• 

(2) ALL. ELEVATIONS ARE RIEI"e:'tlm TO NATIONAL .IEOOI!TIC VERTicAL DATUM. 'ou AD.lUSTMENT. 

Source: U.S. Army Corps of Engineers and SEWRPC. 

PLAN VIEW 



Figure 15 

CONTAINMENT FACILITIES: TYPICAL EARTH DIKE, CONCRETE FLOODWALL, AND BACKWATER GATE 

TYPICAL CROSS-SECTION OF EARTH DIKE 

10' I---------,(MINJ----~ 

ELEVATION OF 100-YEAR 
RECURRENCE INTERVAL FLOOD 
WITH DIKE IN PLACE I 

COMPACTED 
EARTH DIKE 

VARIES 3' MIN. 

EXISTING GROUND 
LINE 

lr-~!------------- BAS~AR"i'~~TH ------------1 

TYPICAL FLOODWALL 
CROSS-SECTION 

21 MINIMUM 
FREEBOARD 

STREAM 

12" 

n 

VARIES WrfH 
WALL HEIGHT 
3' MINIMUM 

REINFORCED 
CONCRETE 
FLOODWALL 

NO BATTER 

TYPICAL BACKWATER GATE 
FOR STORM SEWER OUTLET 

FRONT VIEW SIDE VIEW 

STORM 
SEWER 
OUTLET 

a A two-foot minimum freeboard is permissible where dikes or floodwalls are not intended to protect human life. Otherwise a three-foot min
imum freeboard is required. 

b Dike side slopes of one vertical on three horizontal should be used wherever feasible. The minimum slope should be no steeper than one ver
tical on two and one-half horizontal. 

c A six-foot top width should be used for heights of six feet or less. An eight-foot width should be used for higher dikes. 

Source: Water Resources Research Institute and SEWRPC. 

floodwall top elevation shall be determined 
using whichever of the following produces 
the highest profile: 

a. The lOa-year flood profile plus three feet 
of freeboard, or 

b. The 500-year flood profile. 

The height of low dikes or floodwalls that 
are not intended to protect human life shall 
be based on the high water surface profiles 
for the laO-year recurrence interval flood 

prepared under the drainage and flood con
trol plan, and shall be capable of passing the 
lOa-year recurrence interval flood with a 
freeboard of at least two feet. 

5. Where practical, dike slopes should be one 
vertical on three horizontal. Slopes should 
be no steeper than one vertical on two and 
one-half horizontal. 

6. For dikes with heights of six feet or less, the 
minimum top width should be six feet. For 
dikes with heights greater than six feet, the 
minimum top width should be eight feet. 
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Channel Modification and Enclosure: The follow
ing design criteria for channel modification and 
enclosure are to be applied to this plan: 

1. Channel modifications and enclosures should 
be designed to accommodate flood flows up 
to and including the 100-year recurrence 
interval event under planned land use and 
channel conditions. 

2. Features to mitigate adverse impacts on fish 
and wildlife habitat should be considered in 
the design of channel modifications and 
enclosures.1 5 

3. The upstream and downstream effect of 
channel modifications on flood discharges 
and stages shall be determined, and any such 
structural works that may significantly 
increase upstream or downstream peak flood 
discharges should be used only in conjunc
tion with complementary facilities for the 
storage and movement of the incremental 
floodwaters through the watershed stream 
system. 

4. Channel modifications shall not increase the 
height of the 100-year recurrence interval 
flood by 0.01 foot or more in any unpro
tected upstream or downstream stream 
reaches. Increases in flood stages that are 
equal to or greater than 0.01 foot resulting 
from any channel construction shall be con
tained within the upstream or downstream 
extent of the channel, except where topog
raphic or land use conditions could accom
modate the increased stage without creating 
additional flood damage potential. 

5. Alternative cross-sections for modified chan
nels using turf or rip-rap are shown in Figure 
16. Selected design criteria for the various 
channel types are summarized in Figure 16 
and Table 23. 

1 5 A work group to develop mitigative procedures 
for channelized streams in Wisconsin has been 
formed by the Wisconsin Department of Natural 
Resources and includes representatives of the 
Milwaukee Metropolitan Sewerage District, the 
Southeastern Wisconsin Regional Planning Com
mission, local public works officials, the U. S. 
Army Corps of Engineers, the U. S. Fish and 
Wildlife Service, the University of Wisconsin, the 
Wisconsin Society of Civil Engineers, and the 
Wisconsin Society of Professional Engineers. 
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a. Turf-lined, or Type A, channels should be 
used wherever practicable. Where there is 
adequate right-of-way, such channels 
should have maximum side slopes of one 
vertical on four horizontal. In no instance 
should the side slopes be steeper than one 
vertical on two horizontal. A Manning's 
"n" value of 0.030 should be used and the 
maximum velocity during the 100-year 
recurrence interval flood should not 
exceed six feet per second. A maintenance 
access road should be located along the 
top of the bank, or along a 12-foot-wide 
maintenance bench as shown in Figure 16. 
Where wetland vegetation bottom chan
nels are deemed important for environ
mental reasons, as discussed below, base 
flow should be conveyed in either a trickle 
channel or a low-flow channel. 

b. Rip-rap-lined, or Type B, channels should 
be provided if erosive velocities are to be 
expected in turf-lined channels. A typical 
channel section for this situation is shown 
as Type B in Figure 16. Where feasible, 
riprap-lined channel side slopes should be 
one vertical on three horizontal, but they 
should not be steeper than one vertical on 
two horizontal. A Manning's "n" value of 
0.035 should be used and the maximum 
velocity should be no more than 10 feet 
per second. 

6. Where right-of-way restrictions or hydraulic 
considerations prevent the use of turf-lined 
channels, fully or partially lined concrete 
channels may be used, as shown in Figure 16, 
Types C through F. A Manning's "n" value 
of 0.015 should be used for concrete chan
nels. Composite turf- and concrete-lined 
channels should be designed using the 
appropriate "n" for each segment of the 
channel cross-section. 

a. Partially turf-lined, or Type C, channels 
with a concrete invert may be used in 
residential areas. Where practical, the 
turf-lined side slopes should be one 
vertical on four horizontal, but in no 
instance should they be steeper than one 
vertical on two horizontal. During the 
100-year recurrence interval flood, the 
maximum velocity should be six feet 
per second. 



Figure 16 

TYPICAL MODIFIED CHANNEL CROSS-SECTIONS 
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Figure 16 (continued) 

TYPE E 
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a Desirable side slope is one vertical on four horizontal. Steepest allowable side slope is one vertical on two horizontal. 

b Desirable side slope is one verticalon three horizontal. Steepest allowable side slope is one vertical on two horizontal. 

C Desirable side slope is one vertical on four horizontal. Steepest: allowable side slope is one vertical on two and onHfslf horizontal. 

d Desirable side slope is Ontl vertical on three horizontal. Steepest allowable side slope is one vertical on two horizontal. 

e Desirable side slope is one vertical on two horizontal. Steepest allowable side slope is one vertical on one horizontal. 

fA freeboard of two feet is desirable. The minimum permissible freeboard is one foot. 

Source: SEWRPC. 
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b. Partially concrete-lined, or Type D, chan
nels may be used in residential areas and 
in some industrial and commercial areas 
where there are right-of-way limitations. 
The slope of the concrete-lined portions 
should be no steeper than one vertical on 
two horizontal. Turf-lined slopes should 
be one vertical on four horizontal if 
practicable, but should be no steeper than, 
one vertical on two and one-half horizon
tal. The 10-year recurrence interval flood 
should be conveyed within the concrete 
channel. The maximum velocity should be 
nine feet per second for the 10-year recur
rence interval flood and 11 feet per second 
for the 100-year recurrence interval flood. 

c, Fully concrete-lined, or Type E, trapezoi
dal channels may be used in industrial and 
commercial areas with restricted right-of
way. This type of channel is designed to 
carry the 100-year recurrence interval 
flood flow within the concrete channel. It 

is desirable to have two feet of freeboard 
to the top of the concrete, but a mini
mum of one foot is permissible. The slope 
of the concrete-lined portions can range 
from one vertical on two horizontal to 
one vertical on one horizontal. It is 
desirable for turf-lined side slopes to be 
one vertical on three horizontal, but 
slopes of one vertical on two horizontal 
are permissible where right-of-way is 
restricted. The maximum allowable aver
age velocity during the 100-year recur
rence interval flood is 12 feet per second. 

d. Concrete-lined rectangular, or Type F, 
channels may be used in commercial and 
industrial areas with highly restricted 
right-of-way. The freeboard requirements 
are the same as for Type E channels. The 
maximum velocity during the 100-year 
recurrence interval flood should not 
exceed 12 feet per second. 



Table 23 

CHANNEL MODIFICATION DESIGN CRITERIA 

Maximum 
Turf~ or Allowable 

Modification Riprap~Lined Concrete-Lined Velocity 
Type Side Slopes Side Slopes (feet/sec) 

A lV:2H to lV:4H .. 6 

B lV:2H to lV:3H .. 10 

C lV:2H to lV:4H .. a 6 

D lV:2.SH to lV:4H lV:2H gb, 11c 

E lV:2H to lV:3H 1V:1H to lV:2H 12 

F .. Vertical 12 

a Only the channel bottom is concrete. 

bFar the fO-year recurrence interval flood. 

C For the TOO-year recurrence interval flood. 

Source: SEWRPC. 

7. The Manning's "n" value criteria for modi
fied channels may be adjusted somewhat in 
cases where site-specific conditions, such as 
anticipated vegetative growth and frequency 
of maintenance, dictate such adjustment. 

8. The maximum allowable velocities for modi
fied channels may be increased in localized 
reaches where site-specific conditions create 
higher velocities. Adequate erosion protec
tion should be provided in those reaches. 

9. Where practicable, grade control structures 
should be provided as necessary to reduce 
the channel gradient and obtain flow veloci
ties within the accepted limits. Channel 
bottom drop structures should not be used 
in streams with existing or potential valuable 
fisheries. 

10. Where feasible, modified channels should 
have a two-foot freeboard above the design 
flood elevation. 

11. At channel bends, the freeboard should be 
referenced to the super-elevated water 
surface elevation. 

12. Channel bends should have a mInImUm 
radius equal to twice the design flow top 
width, or of 100 feet, whichever is greater. 

13. Culverts or conduits that are part of a chan
nel enclosure project should be designed 
according to the applicable criteria listed 
in the "Bridge and Culvert Alteration or 
Replacement" subsection of this chapter. 

14. Appropriate energy dissipation and erosion 
protection should be provided at any grade 
control structures and at conduit outlets. 
The type of protection will be dictated by 
site-specific hydraulic considerations . 

15. Where modified channels are to be located 
in an existing wetland area, turf-lined chan
nels should be constructed with wetland 
vegetation in the bottoms, as shown in 
Figure 1 7. The choice between using a 
trickle channel or using a low flow channel 
should be based on the overall size of the 
modified channel relative to the size of the 
trickle or low-flow channel required to pass 
the design flow. The trickle channel or the 
low-flow channel should have a design 
capacity of about 3 percent of the 100-year 
recurrence interval flood. Trickle channel 
depths should be about 1.5 feet. The maxi
mum low-flow channel depth should be 
about five feet. These design flow and depth 
criteria are intended to be used as guidelines 
that may be adjusted to meet site-specific 
conditions. The design criteria for turf-lined 
channels apply to wetland bottom chan
nels with the following modifications and 
additions. 

a. The longitudinal channel slope and the 
initial channel shape, which are selected 
to meet the design velocity criteria, 
should be determined using Manning's 
"n" values characteristic of newly con
structed channels. The Manning's "n" 
values given above for turf- and riprap
lined channels should be used. 

b. The design water surface profile should be 
determined using Manning's "n" values 
characteristic of mature wetland channels. 
Wetland channels with trickle channels 
should be designed using Manning's "n" 
values determined from Figure 18. The 
turf-lined portions of wetland channels 
with low-flow channels should be designed 
using a Manning's "n" value of 0.030, and 
the low-flow channels should be designed 
using a Manning's "n" value of 0.055. 
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Figure 17 

WETLAND BOTTOM CHANNEL CROSS-SECTIONS 

MANNING'S "n" • 0,030 MANNING'S "n" • 0,055 

IOO-YEAR FLOOD WATER SURFACE 

LOW-FLOW CHANNEL DESIGN 
SEE BELOW FOR ALTERNATE 
TRICKLE CHANNEL DESIGN 

MANNING'S "n" • 0,030 

TRICKLE CHANNELS FOR WETLAND VEGET A TI ON BOTTOMS 

AL TERNA TE DETAIL I AL TERNA TE DET AIL 2 

rilllt"'--- TYPE 2 GRANULAR 

18" ROCK (MINIMUM) if~~~~~~~~~~ BEOOING 

d .1.5 FEET d • (5 FEET 

a Desirable side slope is one vertical on four horizontal. Steepest allowable side slope is one vertical on two horizontal. 

bOesirable side slope is one venicalon three horizontal. Steepest allowable side slope is one vertical on two horizontal. 

Source: Denver Urban Drainage and Flood Control District; and SEWRPC. 

Bridge and Culvert Alteration or Replacement: 
Design criteria for bridge and culvert alteration or 
replacement are listed below: 
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1. For reaches having topographic or land use 
conditions that could accommodate stage 
increases greater than 0.01 foot without 
creating additional flood damage potential 
upstream of the proposed structure, and 
having substantial floodplain storage volume 
for reducing flood peaks, consideration 
should be given to maintaining undersized 
bridge or culvert waterway openings or to 
actually decreasing the waterway opening in 
order to decrease downstream flood flows 
and stages. 

2. Except at structures where blockage of the 
waterway opening is identified as an histori
cal problem, backwater computations should 
be made assuming proper waterway opening 
design and maintenance so that the full 
waterway opening of each proposed or 
existing bridge or culvert is available for the 
conveyance of flood flow. 

3. At existing structures where significant 
blockage of the waterway opening has con
sistently occurred during past floods, the 
backwater computations for determination 
of the design flood profile under existing 
conditions should be made assuming a 
degree of blockage of the opening commen
surate with available historical observations. 
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Figure 18 

MANNING'S "n" FOR WETLAND BOTTOM 
CHANNELS WITH TRICKLE CHANNELSa,b 
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CHANNEL TO SET THE CHANNEL'S LONGITUDINAL SLOPE. USING THIS 
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bFOR CHANNEL DESIGN DEPTH GREATER THAN FIVE FEET, USE THE 
DEPTH OF FIVE FEET IN THE ABOVE CHART. 

CDEPTH OF CHANNEL BEFORE WETLAND VEGETATION MATURES. 

Source: SEWRPC, 

5 

4. Manning's "n" values as shown in Figure 19 
should be used for properly installed and 
maintained corrugated metal pipe and pipe 
arch culverts. 

5. A Manning's "n" value of 0.012 should be 
used for well-constructed concrete pipe 
flowing full. 

6. Where analyses indicate that pipes would 
flow less than full at design loading, the 
hydraulic element charts set forth in Figures 
20 and 21 should be used to determine 
critical characteristics required for solution 
of Manning's equation. 

Figure 19 

MANNING'S "n" VERSUS DIAMETER FOR 
CORRUGATED METAL PIPE CULVERTS FLOWING FULL 
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Source: U.S. Department of Transportation, Hydraulic Flow Resis
tance Factors for Corrugated Metal Conduit, and SEWRPC. 

7. For culverts, the minimum desirable velocity 
during the design flood is 2.5 feet per second. 

8. The minimum culvert size should be 12 
inches in diameter. 

9. Culverts should be laid on an uninterrupted 
uniform gradient. 

10. Where practical, the culvert location should 
provide a direct exit, avoiding an abrupt 
change in direction at the outlet end, and, 
desirably, at the inlet end. 

11. Appropriate energy dissipation and/or ero
sion protection should be provided at cul
verts and bridges. The type of protection 
will be dictated by site-specific hydraulic 
considerations_ 
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Figure 20 

HYDRAULIC ELEMENTS 
GRAPH FOR CIRCULAR SEWERS 
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12. In streams with an existing or potential valu
able fishery, the bottoms of bridges and cul
verts should be designed to allow for the free 
passage of aquatic organisms for a variety of 
flow extremes. 

St.ormwater Drainage Facility Design Criteria 
There are two distinct drainage systems to be 
considered in the development of the stormwater 
drainage elements of this system plan: the minor 
system and the major system. The minor storm
water drainage system is intended to minimize 
the inconveniences attendant to inundation from 
more frequent storms. The minor drainage system 
consists of sideyard and backyard drainage swales, 
street curbs and gutters, roadside swales, storm 
sewers and appurtenances, and some storage 
facilities. It is composed of the engineered paths 
provided for the storm water runoff to reach the 
receiving streams and watercourses during these 
more frequent storm events. 

The major stormwater drainage system is designed 
for conveyance of stormwater runoff during major 
storm events when the capacity of the minor 
system is exceeded. The major stormwater drainage 
system consists of the entire street cross-section 
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Figure 21 

HYDRAULIC PROPERTIES OF CORRUGATED 
STEEL AND STRUCTURAL PLATE PIPE-ARCHES 
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and interconnected drainage swales, watercourses, 
and stormwater storage facilities. Portions of the 
streets, therefore, serve as components of both the 
minor and major stormwater drainage systems. 
When providing transport of overland runoff to the 
piped storm sewer system, the streets function as a 
part of the minor drainage system; when utilized to 
transport overflow from surcharged pipe storm 
sewers and culverts and overflowing roadside 
swales, the streets function as a part of the major 
drainage system. Major drainage system compo
nents must be carefully studied to identify areas 
subject to inundation during major storm events. 

To ensure that the storm water drainage system is 
able to effectively control the stormwater runoff in 
a cost-effective manner, storm events of specified 
recurrence intervals must be selected as a basis for 
the design and evaluation of both the minor and 
major drainage systems. The selection of these 
design storm events should be dictated by careful 
consideration of the frequency of inundation 
which can be accepted versus the cost of protec
tion. This involves value judgments which should 
be made by the responsible local officials involved 
and applied consistently in both the public and 
private sectors. 



The average frequency of rainfall used for design 
purposes determines the degree of protection 
afforded by the stormwater management system. 
This protection should be consistent with the 
damage to be prevented. In practice, however, the 
calculation of benefit-cost ratios is not deemed 
warranted for ordinary urban drainage facilities, 
and a design storm recurrence interval is selected 
on the basis of engineering judgment and experi
ence with the performance of stormwater manage
ment facilities in similar areas. 

In this respect, it should be noted that the cost of 
storm sewers and other drainage facilities is not 
directly proportional to either the design storm 
frequency or the flow rates. A 10-year recurrence 
interval storm produces approximately 16.5 per
cent greater rainfall intensities and 26 percent 
greater runoff intensities than a 5-year recurrence 
interval storm. This higher runoff rate requires 
sewer pipe diameters to be on the order of 10 
percent larger. However, drainage systems are 
limited to commercially available pipe sizes which, 
in the most frequently used range of 15- to 66-
inch diameter, have incremental diameter increases 
of 10 to 20 percent, corresponding incremental 
capacity increases of 27 to 58 percent, and corre
sponding average in-place cost increases of 15 to 23 
percent. However, the incremental cost increases 
on a systemwide basis may be expected to be on 
the order of 15 percent, because only portions of 
any given system will require modified sizes. 

Another consideration in evaluating alternative 
design recurrence intervals for drainage facilities is 
the risk of exceeding capacity. A 5-year recurrence 
interval event, which is expected to occur on the 
average of 20 times in 100 years, has a 50 percent 
chance of being exceeded in about 3.5 years, a 
period which may be unacceptable from a public 
relations point of view. In contrast, a 10-year 
recurrence interval event, which is expected to 
occur on the average of 10 times in 100 years, has 
a 50 percent chance of being exceeded in about 
seven years. 

The municipalities in the District storm water 
drainage and flood control system plan study area 
generally use either a 5- or 10-year recurrence 
interval storm event for the design of minor storm
water drainage elements, including storm sewers. 
For this system plan, the design storm frequency 
used by the local municipality was used in the 
systems analyses. 

The storm water drainage system components to be 
considered in this drainage and flood control plan 
are listed in the policy plan that was prepared by 
the Regional Planning Commission.1 6 Those 
components include storm sewers, detention and 
retention basins, pumping stations, and other 
appurtenances of areawide significance. Interior 
drainage facilities should also be considered as 
possible elements of a stormwater drainage system. 
Interior drainage facilities are necessitated when 
the construction of diversions, flood protection 
dikes, or floodwalls may be expected to obstruct 
natural, or man-made, drainage patterns to receiv
ing streams and watercourses, or when dikes or 
floodwalls raise the stage in the receiving stream to 
a level that will cause backwater in storm sewers 
and flooding of protected areas. Interior drainage 
systems combine conveyance measures, or convey
ance and storage measures, to transmit stormwater 
runoff from the landward side of dikes or flood
walls to streams or watercourses. Such systems 
may include all, or some, of the following elements: 
1) open drainage channels, including grass swales; 
2) cross culverts to convey stormwater under 
streets, highways, railways, or other embankments; 
3) stormwater storage facilities; 4) storm sewers; 5) 
pumping stations; and 6) backwater gates for storm 
sewer outlets. While several of these elements are 
generally considered to be part of the minor drain
age system, their interrelationship with the major 
drainage and flood control systems requires that 
their functions be evaluated during storms in 
excess of the minor system design storm. 

Design criteria for open drainage channels, cross 
culverts, and storm water storage facilities have all 
been addressed in the preceding section on flood 
control facility design criteria. Design criteria for 
major storm sewers, grass swales, and pumping 
stations are given below. 

Storm Sewers: 
1. Sewer modifications or additions should be 

designed to accommodate the peak runoff 
from the design storm used by the munici
pality in which the modifications or additions 
are to be made. If a storm sewer crosses 
corporate limits and one municipality has a 
more stringent design storm requirement 
than the other, the more stringent require-

1 6 SEWRPC Community Assistance Planning Report 
No. 130, A Storm water Drainage and Flood Con
trol Policy Plan for the Milwaukee Metropolitan 
Sewerage District. March 1986. 
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ment should be used. In no instance should 
storm sewers be sized for less than a 5-year 
recurrence interval storm. 

2. A Manning's "n" of 0.012 should be used 
for well-constructed, precast, concrete pipe 
sewer lines flowing full. 

3. Where the analyses indicate that sewers 
would flow less than full at design loadings, 
the hydraulic element chart set forth in 
Figure 20 should be used to determine the 
critical hydraulic characteristics. 

4. The minimum desirable velocity during the 
design storm event is 2.5 feet per second. 

5. The minimum depth of cover over the top of 
the sewer should be 3.0 feet. 

6. Where the elevations of street inlets, or other 
storm sewer entry points, in protected areas 
are at or below the design flood stage on the 
receiving stream, backwater gates should be 
provided on storm sewer outlets. 

7. Storm sewer outlet invert elevations should 
be above the channel bottom elevations of 
the receiving watercourses. This criterion 
assumes that there is periodic cleaning and 
maintenance of stream channels. 

Grass Swales: In some areas of low-density urban 
development, grass swales are used to convey 
stormwater runoff to collector storm sewers or to 
receiving streams. Such systems are generally used 
in conjunction with culverts at driveway and street 
crossings. In addition to providing a relatively low
cost means of conveyance, as compared to conven
tional storm sewers, grass swales may be designed 
to reduce peak flows and to remove some pollu
tants from the runoff through deposition and 
infiltration. The effectiveness of a grass swale in 
removing pollutants can be increased through the 
addition of an infiltration trench in the bottom of 
the swale. 
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1. Grass swale components of the minor storm
water drainage system should be designed to 
accommodate the peak runoff from the 
frequency design storm used for a minor 
system of the municipality in which the 
swales are located. 

2. Swales may be designed to flow full with no 
freeboard. 

3. The depth of the swale bottom below the 
street shoulder should be from one and one
half to three feet. 

4. Manning's "n" factors ranging from 0.035 to 
0.10 should be used for swale design, depend
ing on the swale location, anticipated fre
quency of mowing, longitudinal swale bot
tom slope, and design flow depth. 

5. All swales should be designed to provide a 
maximum flow velocity of five feet per 
second when accommodating the design 
storm. 

6. Culverts that are part of a grass swale system 
should be designed according to the appli
cable criteria listed in the "Bridge and Cul
vert Alteration or Replacement" subsection 
of this chapter. 

7. Cross culverts at roadways and railways 
should be designed to meet the applicable 
flow capacity standards listed in Standard 
No.1 of Objective No.1 in Table 20 of this 
chapter. 

Pumping Stations: The purpose of stormwater 
pumping is to remove stormwater from low-lying 
areas that cannot be effectively drained by gravity. 

When closed backwater gates prevent storm water 
drainage from areas protected by dikes or flood
walls, temporary or permanent pumping stations 
can be used to convey the impounded storm 
drainage over the dikes or floodwalls to the stream 
during major flood events. Stormwater pumping 
stations are also associated with stormwater storage 
facilities that have limited land surface available 
and are restricted to deep storage. Pumping should 
not be included as a component of the drainage 
and flood control plan when an alternative provid
ing gravity drainage is practicable. 

At the systems planning level, only recommenda
tions concerning the location, type, and capacity 
of the pumping facility are provided. More detailed 
engineering at the facilities planning and final 
design stages will be needed to determine the type 
of pumps, type of drives and motor requirements, 
type of electrical controls, and size and configura
tion of intake facilities. 



The following criteria and assumptions relating to 
storm water pumping facilities should be used in 
the development of the drainage and flood control 
system plan: 

1. An evaluation should be made of the ability 
of the pumping station to provide protected 
areas with relief from flooding during floods 
with recurrence intervals ranging from 5 to 
100 years. 

2. The pumping station should be designed 
with a gravity overflow to the major drain
age system. 

3. For systems planning purposes, it should be 
assumed that the pumps will be high-capaci
ty, low-head centrifugal pumps powered by 
constant-speed electric motors designed for 
intermittent service. 

4. Each pumping station should be designed 
with a backup power source. 

Flood Control Facility Safety Design Criteria: 
Because of the detailed nature of the design of 
most safety measures for flood control facilities, 
such design is most appropriately accomplished at 
the final design stage rather than at the system 
planning stage. Therefore, this system plan does 
not include criteria relating to specific safety 
measures. Potential safety hazards were considered 
to be intangible elements in the comparison of 
alternative plans. 

Economic Evaluation 
The concepts of economic analysis and economic 
selection are vital to the public planning process. In 
dealing with a single system of public works, such 
as drainage and flood control facilities, the evalua
tion of alternative projects and the establishment 
of a priority order among potential projects can 
probably best be achieved through economic 
analysis and selection. All decisions concerning 
monetary expenditures, public or private, are based 
on an evaluation, objective or subjective, of bene
fits and costs. This is not to imply that a formal 
economic analysis is made before every such 
decision. The process of decision-making itself, 
however, consists of an evaluation as to whether or 
not the benefits to be received will be worth the 
costs to be incurred. Benefits are not necessarily 
accountable in monetary terms, but the very act of 
spending money-or resources-for an intangible 
benefit implies that the benefit is perceived to be 
worth at least the cost incurred. 

In addition, consideration should be given to pos
sible alternative benefits that could be received for 
alternative expenditures within the limits of the 
available resources. Alternative benefits are com
pared, and the project which is considered to give 
the greatest value for the costs entailed selected. 
One alternative that should always be considered is 
the benefit that would be received from investment 
in the money market. This benefit is expressed in 
the prevailing interest rates. 

Personal and private decisions, while implying at 
least subjective consideration of benefits and costs 
broadly defined, are not, as already noted, neces
sarily based on either an objective or explicit 
evaluation of monetary benefits and costs. Public 
officials, however, have a responsibility to objec
tively and explicitly evaluate the monetary benefits 
and costs of alternative investments to assure that 
the public will receive the greatest possible benefits 
from the always limited monetary resources 
available. 

It is then a goal of good public administration that 
every public expenditure return to the public a 
value at least equal to the amount proposed to be 
expended for a project plus the interest income 
foregone from the ever-present alternative of pri
vate investment. Accordingly, benefit-cost analysis 
has been used for many years by the Regional 
Planning Commission to select from among alterna
tives the most economically efficient means of 
resolving a problem-or of reaching an objective. 
Other agencies utilizing this method in planning 
and engineering include the U. S. Army Corps of 
Engineers and the Wisconsin Department of 
Transportation. The method is recommended by 
such national agencies as the American Association 
of Highway and Transportation Officials, and is 
usually one of the major methods set forth in 
textbooks on engineering economics. Benefit-cost 
analysis can also be adapted to provide a basis for 
prioritizing projects, all intended to attain the same 
objectives. Thus, benefit-cost analysis, together 
with certain overriding considerations which 
include technical feasibility, environmental sound
ness, public health and safety factors, and regUlatory 
constraints, was used to compare the alternative 
projects considered for this system plan and to 
establish a preliminary construction priority order 
among otherwise eligible drainage and flood con
trol improvements. 

Benefit-Cost Analysis: The benefit-cost analysis 
method of evaluating government investment in 
public works came into general use after the 
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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 benefits is defined as the amount 
of money which an individual would pay for that 
benefit if given the market choice of purchase. 
Monetary costs are defined as the total value of the 
resources used in the construction of the project. 

In order to assure that public funds are invested 
most profitably, alternative plans or projects 
should be investigated and analyzed. Such investi
gations and analyses are properly conducted at the 
systems planning level and have been included in 
this drainage and flood control plan. 

The recommended plan should be selected from 
those alternatives which meet watershed develop
ment objectives only after consideration of the 
following hierarchy of economic considerations: 

1. Benefits, including intangible values, must 
exceed costs in order for a project to be 
economically justified. 

2. An excess of benefits over costs, however, is 
not a sufficient criterion on which to base a 
recommendation; and, therefore, among 
those alternative plan elements exhibiting 
benefit-cost ratios greater than one, the 
alternative with the greatest difference 
between benefits and costs, 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 poten
tially available, and public attitudes toward a 
particular plan element, must be considered 
in selecting from among various plan ele
ments. 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 and often the costs of drainage and 
flood control projects accrue over long periods of 
time. Moreover, each project is likely to have a 
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different time flow of benefits and costs. Benefits 
of one project may be realized earlier than those of 
another, while the time flow of costs may vary 
from one large initial investment for one project to 
small, but recurrent, expenditures over a long 
period of time 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 applied. A dollar 
benefit or a dollar cost at some time in the future 
has a value less than a dollar at present. The varia
tion of the value of benefits and costs with respect 
to time is expressed through the mathematics of 
compound interest. Use of an interest rate also 
incorporates consideration of the ever-present 
possibility of private investment as an alternative. 
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 drainage and flood control 
plan should return benefits to the public similar to 
those which could be attained through private 
investment by small investors, an interest rate of 6 
percent is recommended for use in the economic 
evaluation of plans. 

The benefit-cost analysis must also be based on a 
specified number of years, usually equal to the 
physical or economic life of the project. Drainage 
and flood control improvement will often continue 
to furnish benefits for an indefinite period of time, 
particularly land use control and public park ele
ments. Accordingly, the Regional Planning Com
mission has selected 50 years as the period of 
economic analysis for drainage and flood control 
works. Benefits accrued after 50 years discounted 
to the present at 6 percent are very small. 

Project Benefits: The benefits from a drainage and 
flood control project can be classified as tangible
that is, measurable in monetary terms-and as 
intangible. Tangible benefits include flood damage 
reduction, enhancement of property values, and 
that part of outdoor recreation to which a mone
tary value can be assigned. Intangible benefits 
include aesthetic factors and such benefits as 
improved efficiencies in public utilities that have 
monetary values, but values that cannot be practi
cally calculated. The specific benefits of water 
quality improvements were considered to be 
intangible in the sense that these benefits are 



difficult to measure, although very real since a high 
level of recreational use of surface waters is pos
sible only if applicable water quality standards 
are met.' 7 

Project Costs: The direct costs of water resource 
development include the construction, operation, 
and maintenance costs of physical elements of the 
plan; the cost of acquiring land; income foregone 
as a result of land use regulation; and expenditures 
for engineering, legal work, and project adminis
tration. The costs of structural facilities were 
calculated using 1986 unit prices, which reflect the 
magnitude of work, the location in the urban 
region, and regional labor costs. The cost of land 

'7 More specifically, flood damage is defined as the 
physical deterioration or destruction caused by 
floodwaters. Flood loss refers to the net effect of 
flood damages on the economy and is usually 
expressed in monetary terms. All losses resulting 
from a flood can be broadly classified as direct, 
indirect, depreciation, or intangible. Reduction of 
flood loss by flood protection measures creates 
benefits equal to the damages protected against. 

Direct losses are defined as the monetary costs 
entailed in restoring flood-damaged property to 
preflood condition. This includes the cost of 
restoring flood-damaged residential, commercial, 
and industrial properties and the value of farm 
crops destroyed by flooding. 

Indirect losses are defined as the monetary costs 
of flood-fighting and floodproofing, and of flood
caused loss of wages, sales, and production. In
creased costs of carrying on normal operations 
during periods of flood disruption, and increased 
costs of transportation because of flood-caused 
detours, are also defined as indirect losses. 

Depreciation losses are defined as the reduction in 
the value of real property when the risk of flooding 
becomes known. Property values after a flood are 
reduced by the amount of money which will have 
to be expended for flood repairs. Accordingly, 
depreciation losses should be equal to the probable 
direct losses from future floods. In the Regional 
Planning Commission approach to flood control 

acquisition was based on 1986 market prices for 
land in the District. 

Method of CalCUlating Benefit-Cost Ratio: The 
accepted rule for economic efficiency is to select 
the set of improvement projects having the greatest 
excess of benefits over costs-that is, the maximum 
net present value. In situations where there is a 
budgetary constraint, the net present value of the 
potential projects can be maximized by selecting 
the combination of projects that have maximum 
present value but in total do not violate the bud
getary constraint. For a number of projects, 
benefit-cost ratios can be defined with mainte
nance and operating costs and residual, or salvage, 
value in the numerator as follows: 

planning, the direct flood losses, rather than the 
depreciation losses, are used in the economic 
analyses. 

Intangible losses are defined as losses that cannot 
be measured in monetary terms. Intangible losses 
include loss of life, health hazard, interruption 
of schooling, loss of police and fire protection, and 
mental aggravation. Although these losses cannot 
be measured in monetary terms, they often con
stitute the most severe flood damage experienced 
by the public, monetary costs notwithstanding. 

Flood damages may also be classified into public 
sector and private sector losses. Direct public 
sector losses include road and bridge repairs, 
basement pumping, and flood clean-up operations. 
Indirect public sector losses include highway traffic 
rerouting and control, and relief and health ser
vices. In the Commission flood control planning 
work, road-user detour costs are calculated on the 
basis of traffic volume, detour length, time of 
closures, and average per-mile vehicle costs over the 
normal routes and over the detour routes. 

Direct private sector losses include damage to 
residential, commercial, and industrial properties 
and to agricultural crops, with such damages being 
related to the type of building or structure in
volved, the value of the structures and contents, 
and the depths and durations ()f inundation. 
Damages to structures include, among others, 
damages to electrical, heating, and ventilating 
equipment; to ceilings, walls, floors, and fittings; 
to carpeting; to furniture and appliances; and to 
other contents. 
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BjC = PVC 6 U) + PVC 6 R) 
PV(6o I)+PV(6oM) 

where: BjC = the benefit-cost ratio 

PVC 6 U) = the present value of benefits rela
tive to the "do nothing" alterna
tive; these benefits are measured 
in terms of the monetary value of 
the direct and indirect flood dam
ages avoided by the project; 

PVC 6 M) the present value of maintenance 
and operating costs relative to the 
do nothing alternative; 

PVC 6 R) 

PVC 6 I) 

the present value of the project 
residual, or salvage, value relative 
to the do nothing alternative; and 

the present value of the project 
capital cost relative to the do 
nothing alternative. 

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 con
siderably from the actual income and expenditures 
of a government agency. 

Basic Cost Data: In order to provide a consistent 
basis for the determination of the costs of the 
structural and non structural flood control and 
drainage components of the alternative plans 
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considered, basic cost data were developed for 
construction and annual operation and mainte
nance. Those data are presented in Appendix A. 

Where feasible, construction cost curves for entire 
components are presented. Such curves are given 
for surface storage facilities, storm sewers, dikes, 
flood walls, circular culverts, tunnels, and pumping 
stations. For other structural flood control mea
sures, unit construction costs for each element of 
the particular measure are tabulated. Unit-cost 
tabulations are provided for bridge alteration or 
replacement, channel modifications, and channel 
enclosures. 

Figures A-I through A-I0 and Tables A-I through 
A-6 in Appendix A represent 1986 construction or 
operation and maintenance costs based on an 
Engineering News-Record Construction Cost Index 
(CCI) of 4520 as has been adopted for the Milwau
kee area by the District. When estimating total 
project costs, the costs obtained from those figures 
and tables should be increased by 35 percent to 
account for engineering, administration, and 
contingencies. Where applicable, the cost of land 
acquisition or easements should be added. 

Cost data were obtained from several of the more 
recent District flood control projects, from bid 
tabulations for other recent flood control and 
drainage projects within the Region, from past 
Regional Planning Commission studies, from 
studies conducted by the U. S. Army Corps of 
Engineers, and from the 1982 Dodge Guide to 
Public Works and Heavy Construction Costs. iS 

Where pre-1986 data were used in the development 
of cost curves or unit costs, the Milwaukee CCI 
was used to adjust the costs to 1986. 

Cost data for the structural measures considered 
were adopted after comparison and evaluation of 
data from the sources listed previously. The 
validity of the adopted unit-cost data for the 
typical elements of a channel modification project 
was verified by using the data to estimate the costs 
of several constructed District flood control proj
ects for which total costs were available. 

18 Leonard A. McMahon, 1982 Dodge Guide to 
Public Works and Heavy Construction Costs, ed. 
Percival E. Pereira, Annual Edition No. 14, 
McGraw-Hill, Princeton, New Jersey, 1981. 



Cost estimating data and procedures for nonstruc
tural flood control methods are given in Tables A-7 
through A-10. The data were developed from past 
studies by the Regional Planning Commission and 
from studies conducted within the Region by the 
U. S. Army Corps of Engineers. These data repre
sent total 1986 costs and they should not be 
increased for engineering, administration, and 
contingencies. 

For both structural and nonstructural flood 
control measures, the adopted base cost data are 
those which are considered most applicable to the 
types of projects considered for the District drain
age and flood control plan. The cost data presented 
in Appendix A were used in the economic evalua
tion of alternative systems plans, and are not inten
ded to be used for project estimating purposes. 
Actual costs will vary from these estimates, reflect
ing site-specific conditions, local availability and 
supply of materials, and labor costs. Any necessary 
land acquisition costs were estimated utilizing the 
latest available state equalized assessed valuations. 

Staged Development and Priority Determination: 
Because rarely, if ever, are sufficient public monies 
available to construct siI!Jpltaneously all of the 
public works facilities which may be needed in a 
functional area, it becomes necessary to establish a 
program of construction projects arranged in order 
of priority. Desirably, that order would provide the 
greatest return on the public funds invested in the 
projects over time. 

An attractive feature of many water resource devel
opments is their divisibility into several individual 
projects which may be assigned priorities and then 
financed and built at different times. Staged con
struction based on prioritization of individual 
projects permits lower initial capital investments, 
reduces interest costs, and allows for flexibility in 
continued planning. Staging developments 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 develop
ment, staging also serves to lower risks incurred 
because of unavailability of data during prepara
tion and partial implementation of initial plans. 

Variations on the means by which benefit-cost 
analyses are applied in planning and engineering 
work are possible, including application of the 
benefit-cost method in a manner which considers 

the difference between benefits and costs. For the 
purpose of the prioritization of the District drain
age and flood control projects, however, it is 
recommended that the method be applied in its 
simplest and most direct form. This not only main
tains simplicity and thereby promotes public 
understanding, but recognizes that maximization 
of benefits minus costs will in some cases be insuf
ficient in and of itself for the final prioritization of 
proposed projects. Other factors, including the 
amount of public funds available, or potentially 
available, and public attitudes toward, and under
standing of, a particular improvement proposal 
must also be considered in prioritizing projects if 
the political and financial feasibility of the pro
gram is to be assured. 

To rank independent improvements, the project 
with the highest benefit-cost ratio is selected first, 
and other projects-always with the next highest 
benefit-cost ratio-are added to the list until all 
projects are accounted for. Based upon considera
tion of the total cost of the program and estimates 
of the available funding for the program, a five-year 
capital improvements program can then be devel
oped. This program should be reviewed annually, 
at which time the first year of the program would 
be proposed for inclusion in the District annual 
budget, and an additional year would be added to 
the end of the program-thus always maintaining a 
five-year program-until all of the needed drainage 
and flood control improvements are in place. 

Another intangible factor which should be consid
ered is the history of citizen concern in a pro blem 
area. In many instances, elected and appointed 
officials and interested citizens have spent consid
erable effort over long periods of time in attempt
ing to resolve problems, in some cases with no 
tangible progress. While it is not possible to dir
ectly consider such histories in the prioritization 
owing to their intangible nature, it is possible for 
the Advisory Committee to indirectly consider 
such histories in arriving at a final improvement 
schedule. 

Overriding Considerations: The following overrid
ing considerations must be met before applying the 
benefit-cost analysis to the consideration of alter
natives and to the prioritization of the drainage 
and flood control projects: 

1. Each project to be considered must have 
been shown at the systems level of planning 
to be technically feasible and economically 
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and environmentally sound. The determina
tion of technical feasibility should be based 
upon analyses, preferably hydrologic and 
hydraulic simulation model studies such as 
those conducted for this plan. Those analyses 
should clearly indicate that the proposed 
project will achieve the reductions in peak 
flood flows or peak flood stages, or both, 
that are necessary to abate the flood dam
ages concerned without exacerbating such 
problems either upstream or downstream of 
the proposed project. 

2. The project should be shown to be economi
cally sound by benefit-cost analysis. While 
such analysis applied in the classic manner 
would require that the benefit-cost ratio of a 
project be greater than one, it must be recog
nized that other objectives which cannot be 
directly quantified monetarily, such as pro
viding adequate outlets for municipal storm
water sewers or abating public health and 
safety hazards resulting from the backup of 
sanitary sewers surcharged by floodwaters 
into basements of buildings, may make it 
politically desirable to construct a project 
having a benefit-cost ratio of less than one. 
However, in such cases it should always be 
demonstrated that the project, while having 
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a benefit-cost ratio of less than one, has the 
highest benefit-cost ratio of the feasible 
alternatives. 

3. The project must have been shown at the 
systems level of planning to be environ
mentally sound by explicitly considering 
potential impacts on surface- and ground
water quality and existing and potential fish 
and wildlife habitats and populations. The 
project must qualify for all legally required 
regulatory agency approvals. 

Only if a project meets the foregoing overriding 
considerations should it be considered for selection 
as a recommended alternative and for prioritization 
utilizing the benefit-cost analysis results presented 
in this plan. 

Once the projects have been prioritized on the 
basis of the benefit-cost analysis, two additional 
overriding criteria may increase the order of prior
ity of a given project. First would be evidence of a 
foreseeable danger to human life. Second would be 
evidence that the timing of the project must be 
changed in order to coordinate its construction 
with the construction of other major public works, 
such as highways, sanitary sewerage systems, or 
water supply facilities. 



Chapter IV 

EVALUATION OF ALTERNATIVE PLANS AND SELECTION OF RECOMMENDED 
FLOOD CONTROL AND RELATED DRAINAGE SYSTEM PLAN

KINNICKINNIC RIVER WATERSHED 

INTRODUCTION 

The adopted Milwaukee Metropolitan Sewerage 
District drainage and flood control policy plan 
recommends that the District assume jurisdiction 
over six perennial streams in the Kinnickinnic 
River watershed. These six streams, totaling 15.9 
lineal miles in length, include the Kinnickinnic 
River, Lyons Park Creek, Wilson Park Creek, S. 
43rd Street Ditch, Villa Mann Creek, and Villa 
Mann Creek Tributary. Three of these streams-the 
Kinnickinnic River, Lyons Park Creek, and Wilson 
Park Creek-have been studied under pr~vious 

Commission planning programs.1 Each of these six 
streams is considered in the following sections of 
the chapter. Data are presented on existing and 
probable future flood problems, alternative and 
recommended flood control and related drainage 
improvement measures, and recommended imple
mentation actions. 

KINNICKINNIC RIVER WATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Flood control improvements for the Kinnickinnic 
River were considered in a comprehensive water
shed plan prepared by the Commission in Decem
ber 1978.2 That plan recommended the following 
flood control measures for the Kinnickinnic River: 
1) removal of 14 bridges between the abandoned 
Chicago, North Shore & Milwaukee right-of-way 
and S. 16th Street; 2) construction of new bridges 
at S. 6th Street, S. 9th Place, S. 13th Street, and 
S. 16th Street; and 3) channel reconstruction and 
widening between S. 5th Street extended and S. 
6th Street, and between S. 8th Street and S. 12th 
Street. These measures were designed to prevent 
overbank flooding in this reach for floods up to 
and including the 100-year recurrence interval 
event, and were completed by the District and the 

1 See SEWRPC Planning Report No. 32, A Compre
hensive Plan for the Kinnickinnic River Watershed, 
December 1978. 

2 Ibid. 

City of Milwaukee in 1985. Hydrologi~ and hydrau
lic analyses conducted under the Commission's 
watershed study indicated no further reaches along 
the Kinnickinnic River where flood damages are to 
be expected for floods up to and including the 
100-year recurrence interval event under either 
existing or planned land use conditions. Accord
ingly, no further flood control measures for the 
Kinnickinnic River were considered under that 
study. 

As a result of the heavy rainfall that occurred on 
August 6, 1986, severe flood damages were again 
experienced along that reach of the Kinnickinnic 
River between S. 6th Street and S. 16th Street. 
That flood, however, had an estimated recurrence 
interval in excess of 500 years. As a result of that 
flood event, the City of Milwaukee Common Coun
cil adopted a resolution requesting that the District 
consider diverting all, or part, of the flow from 
Wilson Park Creek to Lake Michigan in order to 
reduce flood flows exceeding the 100-year recur
rence interval flows along the Kinnickinnic River. 
Accordingly, alternative diversion measures were 
investigated as part of this system plan. Those 
measures are presented later in this chapter 
under the discussion of the Wilson Park Creek 
subwatershed. 

Overview of the Study Area 
The Kinnickinnic River watershed is located largely 
within the City of Milwaukee. Portions of the 
watershed are also located in the Cities of Cudahy, 
Greenfield, West Allis, and St. Francis and in the 
Village of West Milwaukee. From its headwater 
area at S. 60th Street, the Kinnickinnic River flows 
in a generally easterly direction for approximately 
8.0 miles, and drains an area of 24.78 square miles 
(see Map 26). Of this total drainage area, 18.70 
square miles, or about 75 percent, lie within the 
City of Milwaukee; 1.47 square miles, or about 6 
percent, lie within the City of Cudahy; 2.32 square 
miles, or 9 percent, lie within the City of Green
field; 1.66 square miles, or about 7 percent, lie 
within the City of West Allis; 0.51 square mile, or 
2 percent, lies within the Village of West Milwau
kee; and 0.12 square mile, or about 0.5 percent, 
lies in the City of St. Francis. 
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Map 26 

THE KINNICKINNIC RIVER WATERSHED 
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More specifically, from its origin at a storm sewer 
outfall at S. 60th Street immediately south of W. 
Kinnickinnic River Parkway Drive, the Kinnickin
nic River flows in a generally easterly direction to 
about S. 4th Street, at which point it turns to flow 
in a north-northeasterly direction to join the 
Milwaukee River near Lake Michigan. The entire 
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B.O-mile reach described is classified as perennial. 
This entire stream length is recommended for 
District jurisdiction in the policy plan companion 
to this system plan. 

The Kinnickinnic River watershed is almost com
pletely developed for urban use, including residen-



tial, commercial, industrial, institutional, and urban 
open space uses. The open space uses are comprised 
mainly of public parks and cemeteries. The devel
oped areas of the Kinnickinnic River watershed 
are generally provided with a full range of munici
pal street improvements, including paved streets 
with curbs and gutters and attendant storm sewers. 
Accordingly, surface runoff is generally conveyed 
rapidly from each individual site to the Kinnickin
nic River through storm sewers. 

Specific data on pertinent characteristics of the 
watershed, including hydrologic soil types, land 
slopes, and land use, appear in Chapter II of this 
report. The planned land use conditions utilized in 
the system planning assume that the watershed will 
be fully urbanized by the design year of the plan. 
However, existing open space uses, such as parks 
and cemeteries, will remain. 

Flooding, in various degrees, has been a common 
occurrence adjacent to the Kinnickinnic River. 
Flooding along the river has increased proportion
ally to the degree of conversion of land from open, 
rural uses to urban uses. Channel improvements 
have been made along 6.2 miles, or 77 percent, of 
the stream length to accommodate the increased 
streamflows. The channel has been physically 
altered by deepening, straightening, lining with 
concrete or stone, construction of sills or drop 
spillways, and enclosure in culverts. 

Flooding and Related Drainage Problems 
As already noted, flooding, including first-floor 
flooding, yard flooding, and basement flooding, 
has occurred frequently along the Kinnickinnic 
River. Historically, the area that has sustained the 
worst flooding is that along the 0.77 -mile reach 
between S. 6th Street and S. 16th Street. Flood 
control works that were completed in 1985 for this 
reach have greatly reduced this problem. Those 
improvements, which were described earlier, were 
designed to prevent overbank flooding for floods 
up to and including the 100-year recurrence 
interval event. 

During 1986, there were seven storm events for 
which flooding and water-related problems were 
reported, based upon records maintained by the 
City Engineer of the City of Milwaukee. Map 27 
shows those areas for which problems were 
reported. More than 340 separate flooding prob
lems were documented during 1986, with the 
most- 230- being reported during the August 6 
rainfall. The majority of the reported problems 
were due to either sanitary sewer backups or 
localized stormwater drainage problems. Structure 

damages due to overbank flooding from the 
Kinnickinnic River were, however, documented for 
the August 6, 1986, rainfall. These damages were 
located mainly along the reach between S. 6th 
Street and S. 16th Street. As previously noted, that 
event had an estimated recurrence interval in.rxcess 
of 500 years, far beyond the design capacity of the 
completed flood control works. Flood damages 
from the August 6 event would have been much 
worse had the flood control improvements recom
mended in the adopted Kinnickinnic River water
shed plan not been in place. Map 28 shows the 
extent of flooding from the August 6 event, as well 
as the estimated floodplain had these improve
ments not been implemented. As shown on this 
map, the August 6 event resulted in the flooding of 
about 20 acres of land along the river and resulting 
damages to about 80 structures. Had the channel 
improvements not been in place, the area impacted 
by this flood event would have encompassed about 
90 acres, and the flooding would have resulted in 
damages to about 460 structures. It should be 
noted that the flood control measures considered 
under this system plan are aimed primarily at 
alleviating flood damages from direct overland 
flooding along the stream studied, as well as at 
providing an adequate outlet for local storm 
sewers. These measures will help to reduce, but 
will not necessarily eliminate, flooding due to 
localized stormwater drainage problems or sanitary 
sewer backup. 

The drainage and flood control objectives and sup
porting principles and standards set forth in Chap
ter III specify the flood events which bridges shall 
accommodate without overtopping the related 
roadway. Based on those criteria, two bridges, S. 
Chase Avenue and S. 43rd Street, are considered 
hydraulically inadequate as shown in Appendix B. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the hydro
logic model used in developing design discharges 
for the Kinnickinnic River simulates streamflow on 
a continuous basis using recorded climatological 
data as input. Flood discharges are developed by 
conducting discharge-frequency analyses of simu
lated annual peak discharges generated by the 
hydrologic model according to the log Pearson 
Type III method of analysis, as recommended by 
the U. S. Water Resources Council3 and as speci-

3 United States Water Resources Council, "Guide
lines for Determining Flood Flow Frequency," 
Bulletin No. 17 of the Hydrology Committee, 
Washington, D. C., March 1976. 
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fied by the Wisconsin Department of Natural 
Resources.4 These analyses were conducted for 
planned land use and existing channel conditions at 

4 "Wisconsin's Floodplain Management Program," 
Wisconsin Administrative Code, Chapter NR 116, 
February 1986. 

116 

seven locations along the Kinnickinnic River. The 
flood discharges that were developed were then 
checked by incorporating the discharges into a 
hydraulic model to develop stages and comparing 
those stages to available historical high water mark 
data. Such data were available at one location on 
the channel from the U. S. Geological Survey, at 
11 locations on the channel from the City Engineer 



Map 2B 
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of the City of Milwaukee, and at 10 locations on 
the channel from the Milwaukee Metropolitan 
Sewerage District. 

In preparing the Kinnickinnic River watershed 
comprehensive plan, stream flows were developed 
on a continuous basis for the 37 -year period from 
1940 through 1976. Annual peak discharges for 

t 
these 37 years were used in the log Pearson Type 
III analysis to determine flood discharges of the 
required frequencies. As part of this system plan, 
the previously published flood discharges were 
reviewed in light of the availability of an additional 
10 years of climatological data. Special considera
tion was given to the impact of the August 6, 
1986, storm event on the resulting discharge-
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frequency relationship, since the event produced a 
discharge that was significantly higher than any 
previous flood. Log Pearson Type III analyses were 
conducted for the Kinnickinnic River at River Mile 
2.72, the site of a continuous stage recorder. 
Recorded annual peak discharges were added to 
the 37 years of simulated peak discharges in order 
to extend the period of record through both water 
year 1985 and water year 1986. 

The resulting discharge-frequency curves for these 
two periods of record, as well as for the 37 -year 
period used in the Kinnickinnic River watershed 
study, are shown in Figure 22. As shown in Figure 
22, the data for the periods of 1940 through 1976 
and 1940 through 1985 produce similar discharge
frequency relationships. The addition of the 
August 6, 1986, flood discharge, however, results 
in a significant increase in the flood discharge, 
particularly for the less frequent events. When 
performing statistical analyses such as this, the 
addition of a single data value should not be 
allowed to significantly alter the resulting fre
quency relationship, particularly when a relatively 
long period of record is used, as in this case. There
fore, the discharge for the August 6 flood event 
was regarded as an anomaly, and was not included 
in the extended record discharge-frequency analy
sis. Furthermore, since the revised discharges 
developed by extending the period of record 
through 1985 do not differ significantly from the 
discharges developed under the Kinnickinnic River 
watershed study, particularly for the 100-year 
recurrence interval design flood, the added time 
and cost of developing revised discharges based on 
an extended period of record for the streams in the 
Kinnickinnic River watershed were not considered 
warranted. 

The estimated peak flood discharges under year 
2000 planned land use and existing (1986) channel 
conditions are set forth in Table 24. Flood stage 
profiles were determined for the 10-, 50-, and 
100-year recurrence interval runoff events under 
planned land use and existing channel conditions. 
These profiles, which encompass the full 8.0-mile
long reach of the Kinnickinnic River studied, con
stitute a graphic representation of the flood stages 
along the Kinnickinnic River under the specified 
recurrence interval flood discharges. In addition to 
providing an overall representation of flood stages 
relative to familiar points of reference, such as the 
channel bottom and bridge deck surfaces, the 
profiles, because of their continuity, permit the 
determination of flood stages at any point along 
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Figure 22 

DISCHARGE-FREQUENCY RELATIONSHIPS FOR 
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the stream channel. The flood profiles are shown in 
Figure 23. The extent of the 100-year recurrence 
interval floodplain for the Kinnickinnic River 
under planned land use and existing channel 
conditions is shown on Map 29. 

Recommended Flood Control 
System for the Kinnickinnic River 
As previously noted, channel modifications along 
with bridge removal and replacement were com
pleted by the District in 1985 for that reach of the 
Kinnickinnic River between S. 5th Street extended 
and S. 16th Street. Those improvements are 
designed to eliminate overbank flooding in this 
reach for floods up to and including the 100-year 
recurrence interval event. Overbank flooding 
during a 100-year recurrence interval event along 
the Kinnickinnic River upstream of S. 16th Street 
would be confined to Milwaukee County-owned 
parkway lands, and therefore no structure damages 



Table 24 

FLOOD DISCHARGES FOR THE KINNICKINNIC RIVER FOR 
YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge 
(cubic feet per second) 

Location River Mile 10-Year 50-Year 100-Year 

Chicago & North Western Railway ...... . 
Kinnickinnic Avenue (STH 32) ........ . 
Soo Line Railroad ................. . 
Chicago & North Western Railway ...... . 
S. 1 st Street ..................... . 
W. Becher Street .................. . 
W. Lincoln Avenue ................ . 
S. 1 st Street ..................... . 
S. Chase Avenue .................. . 
IH 94 ......................... . 
Abandoned Chicago, North Shore 
& Milwaukee Railroad ............. . 

S. 6th Street. . . . . . . . . . . . . . . ...... . 
S. 9th Place ..................... . 
S. 13th Street .................... . 
S. 16th Street .................... . 
Pedestrian Bridge .................. . 
W. Cleveland Avenue ............... . 
Chicago & North Western Railway ...... . 
Chicago & North Western Railway Spur ... . 
Drop Structure ................... . 
S. 20th Street .................... . 
Chicago & North Western Railway Spur ... . 
S. 27th Street (USH 41) ............. . 
S. 29th Street .................... . 
Drop Structure ................... . 
Kinnickinnic River Parkway .......... . 
Pedestrian Bridge .................. . 
S. 35th Street .................... . 
W. Forest Home Avenue ............. . 
Jackson Park Drive ................ . 
Jackson Park Tunnel Outlet Structure .... . 
Jackson Park Tunnel Inlet Structure ..... . 
Drop Structure ................... . 
Pedestrian Bridge .................. . 
S. 43rd Street .................... . 
Pedestrian Bridge .................. . 
S. 60th Street Outfall. .............. . 

Source: SEWRPC. 

0.84 
1.28 
1.31 
1.35 
1.43 
1.67 
1.96 
2.01 
2.40 
2.57 

2.72 
2.81 
3.08 
3.32 
3.58 
3.65 
3.79 
3.94 
3.96 
3.995 
4.32 
4.44 
4.91 
5.03 
5.12 
5.14 
5.21 
5.45 
5.71 
5.87 
6.01 
6.14 
6.271 
6.44 
6.51 
7.16 
8.05 

4,550 
4,550 
4,540 
4,550 
4,350 
4,350 
4,350 
4,350 
4,350 
4,350 

3,750 
3,750 
3,750 
3,750 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
3,550 
1,600 
1,600 
1,600 
1,600 
1,600 
1,600 
1,600 
1,600 

790 
790 
790 

6,500 
6,500 
6,500 

6,500 
6,200 
6,200 
6,200 
6,200 
6,200 
6,200 

5,300 
5,300 
5,300 
5,300 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
2,250 
2,250 
2,250 
2,250 
2,250 
2,250 
2,250 
2,250 
1,100 
1,100 
1,100 

7,400 
7,400 
7,400 

7,400 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 

6,000 
6,000 
6,000 
6,000 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
5,700 
2,550 
2,550 
2,550 
2,550 
2,550 
2,550 
2,550 
2,550 
1,200 
1,200 
1,200 
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Figure 23 
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are expected. Accordingly, no additional flood 
control or drainage system measures are recom· 
mended for the Kinnickinnic River. 

As previously noted, numerous problems resulting 
from localized stormwater drainage were reported 
in the Kinnickinnic River watershed in 1986. It is 
recommended that a local drainage system analysis 
be conducted by the City of Milwaukee Engineer
ing Department for the entire Kinnickinnic River 
watershed in order to more adequately define 
problem areas and to develop solutions to the 
problems. It is also recommended that replacement 
bridges for those structures shown in Appendix B 
as having inadequate hydraulic capacities be 
designed so as to pass the recommended design 
flood flow without overtopping of the attendant 
roadway. Such replacement is not required for 
flood control purposes, but rather should be car
ried out for transportation or other purposes. 

Finally, it is recommended that large-scale topo
graphic maps be prepared by the Milwaukee 
Metropolitan Sewerage District for those areas 
adjacent to the Kinnickinnic River. Such maps are 
essential in assessing the extent of flooding along 
the river, as well as in identifying stormwater 
drainage patterns and possible low-lying areas near 
the channel where ponding of stormwater or storm 
sewer surcharging could cause flood problems. 
Although orthophotographs prepared by the U. S. 
Geological Survey are available for most of the 
Kinnickinnic River, as well as a portion of Wilson 
Park Creek, they often do not show ground eleva
tions beyond the channel banks or the immediate 
vicinity of the channel. Also, these orthophoto
graphs do not reflect the channel modifications 
and new bridge constructed along the reach 
between S. 5th Street and S. 16th Street. No cost 
has been assigned to the flood control plan as these 
maps could also be used for other purposes. 

LYONS PARK CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses of Lyons Park 
Creek were conducted under the comprehensive 
watershed plan for the Kinnickinnic River prepared 
by the Commission in 1978. That plan also assessed 
existing and possible future flood problems along 
the stream. Flood flows and stages developed 
under that study have been incorporated into this 
system plan. 
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Map 30 
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Overview of the Study Area 
Lyons Park Creek is a tributary of the Kinnickinnic 
River. The Lyons Park Creek subwatershed is 
located almost entirely within the City of Milwau
kee, with a small portion of the subwatershed 
being located in the City of Greenfield. From its 
headwater area near S. 50th Street, Lyons Park 
Creek flows in a generally northerly direction for 
approximately 1.5 miles, and drains an area of 
about 1.32 square miles (see Map 30). Of this total 
drainage area, 1.18 square miles, or about 89 per
cent, lie within the City of Milwaukee, and 0.14 
square mile, or about 11 percent, lies within the 
City of Greenfield. 

More specifically, from its ongm near S. 50th 
Street and W. Colonial Court, Lyons Park Creek 
flows in a generally northwesterly direction to the 
vicinity of S. 57th Street and W. Euclid Avenue. 



From this point, the creek flows in a generally 
northerly direction to its confluence with the 
Kinnickinnic River near N. 59th Street and W. 
Cleveland Avenue. Of the 1.5-mile reach described, 
1.3 miles, or 87 percent, is classified as perennial, 
while the remaining 0.2 mile, or 13 percent, is 
classified as intermittent. The entire perennial 
stream length is recommended for District juris
diction in the policy plan companion to this 
system plan. 

The Lyons Park Creek subwatershed is almost 
completely developed for urban use, including 
residential, commercial, institutional, and urban 
open space uses. The open space uses are comprised 
mainly of public parks. The developed areas of the 
Lyons Park Creek subwatershed are generally 
provided with a full range of municipal street 
improvements, including paved streets with curbs 
and gutters and attendant storm sewers. Accord
ingly, surface runoff is generally conveyed rapidly 
from each individual site to Lyons Park Creek 
through storm sewers. 

Specific data on pertinent characteristics of the 
watershed, including hydrologic soil types, land 
slopes, and land use, appear in Chapter II of this 
report. The planned land use conditions utilized in 
the system planning assume that the watershed will 
be fully urbanized by the design year of the plan. 
However, existing open space uses, such as parks, 
will remain. 

Channel improvements have been made along the 
entire 1.3-mile perennial stream length to accom
modate the increased streamflows. The channel has 
been physically altered by deepening, straightening, 
lining with concrete or stone, construction of sills 
or drop spillways, and enclosure in culverts. 

Flooding and Related Drainage Problems 
The investigations of historical flood problems 
along Lyons Park Creek that were conducted under 
the comprehensive plan for the Kinnickinnic River 
watershed, as well as under this system plan, 
indicated few problems. Reported problems were 
limited to minor street flooding and isolated 
basement sewer backUps. This lack of any serious 
flooding problems can be attributed, in part, to the 
extensive channel modifications that have been 
implemented along Lyons Park Creek. 

The results of the hydrologic and hydraulic analy
ses indicate that no structure flood damages are 

expected to occur along Lyons Park Creek for 
floods up to and including the 100-year recurrence 
interval event under year 2000 planned land use 
and existing channel conditions. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the hydro
logic model used in developing design discharges 
for Lyons Park Creek simulates streamflow on a 
continuous basis using recorded climatological data 
as input. Flood discharges are developed by con
ducting discharge-frequency analyses of simulated 
annual peak discharges generated by the hydrologic 
model according to the log Pearson Type III 
method of analysis, as recommended by the U. S. 
Water Resources Council and as specified by the 
Wisconsin Department of Natural Resources. These 
analyses were conducted for planned land use and 
channel conditions at two locations along Lyons 
Park Creek. The flood discharges that were devel
oped were then checked by incorporating the 
discharges into a hydraulic model to develop stages 
and comparing those stages to available historical 
high water mark data. Such data were available for 
three locations on the channel from the City 
Engineer of the City of Milwaukee. 

The estimated peak flood discharges under year 
2000 planned land use and existing (1986) channel 
conditions are set forth in Table 25. Flood stage 
profiles were determined for the 10-, 50-, and 
100-year recurrence interval runoff events under 
planned land use and existing channel conditions. 
These profiles, which encompass the full 1.3-mile
long reach of Lyons Park Creek studied, constitute 
a graphic representation of the flood stages along 
Lyons Park Creek under the specified recurrence 
interval flood discharges. In addition to providing 
an overall representation of flood stages relative to 
familiar points of reference, such as the channel 
bottom and bridge deck surfaces, the profiles, 
because of their continuity, permit the determina
tion of flood stages at any point along the stream 
channel. The flood profiles are shown in Figure 24. 
The extent of the 100-year recurrence interval 
floodplain under planned land use conditions is 
shown on Map 31. 

Recommended Flood Control 
System for Lyons Park Creek 
As previously noted, no structure flood damages 
are expected along Lyons Park Creek for floods up 
to and including the 100-year recurrence interval 
event under year 2000 planned land use and 
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Table 25 

FLOOD DISCHARGES FOR LYONS PARK CREEK FOR YEAR 
2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Location 

Confluence with Kinnickinnic River ...... 
Parking Lot Tunnel Outlet ............ 
W. Cleveland Avenue Tunnel Inlet ....... 
Pedestrian Bridge ................... 
W. Stack Drive .................... 
W. Bennett Avenue Tunnel Outlet ....... 
W. Lakefield Drive Extension Tunnel Inlet .. 
S. 57th Street ..................... 
Pedestrian Bridge ................... 
Pedestrian Bridge ................... 
Pedestrian Bridge ................... 
S. 55th Street ..................... 
W. Forest Home Avenue .............. 

Source: SEWRPC. 

existing channel conditions. Minor overland 
flooding of a segment of one collector street-W. 
Stack Drive-may be expected to result from storm 
sewer surcharging, however. Any overbank flood
ing of Lyons Park Creek would be limited to that 
reach through Lyons Park. 

Because of the lack of structure flood damages and 
only minor road flooding, no flood control or 
drainage alternatives were considered for Lyons 
Park Creek. Accordingly, no flood control or 
drainage system plans are recommended for Lyons 
Park Creek. 

Because of a lack of large-scale topographic maps 
for Lyons Park Creek, the floodplain shown on 
Map 31 can be considered only an approximation. 
This delineation was based on field-surveyed cross
sections supplemented by construction drawings 
for the channel modifications. In order to provide 
a more precise delineation of the Lyons Park Creek 
floodplain, it is recommended that the Milwaukee 
Metropolitan Sewerage District prepare large-scale 
topographic maps for the floodplain areas along 
this stream. Because these maps would have 
multiple uses, no cost has been assigned to the 
flood control plan. 
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Peak Flood Discharge 
(cubic feet per second) 

River Mile 10-Year 50-Year 100-Year 

0.00 670 980 1,150 
0.06 670 980 1,150 
0.12 670 980 1,150 
0.20 670 980 1,150 
0.36 670 980 1,150 
0.54 670 980 1,150 
0.70 670 980 1,150 
0.84 670 980 1,150 
0.87 670 980 1,150 
0.89 670 980 1,150 
1.07 670 980 1,150 
1.17 670 980 1,150 
1.31 475 640 710 

WILSON PARK CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Flood control improvements for Wilson Park Creek 
were considered in a comprehensive watershed plan 
prepared by the Commission in December 1978. 
Alternative flood control measures developed 
under that study were limited to that portion of 
Wilson Park Creek-also known as the Edgerton 
Channel-that is located upstream of Milwaukee 
General Mitchell International Airport in the City 
of Cudahy. Plans developed by the Milwaukee 
Metropolitan Sewerage District that called for 
major channel modifications to Wilson Park Creek 
between W. Euclid Avenue and S. 6th Street were 
considered as being committed, and therefore no 
alternative flood control measures were considered 
for that reach. As of December 1986, the District 
had completed the channel modifications between 
W. Euclid Avenue and S. 20th Street. The remain
ing 1.3 miles of channel modifications between S. 
20th Street and S. 6th Street had not been imple
mented. This includes a OA-mile reach through 
Wilson Park. Local residents have expressed con
cerns to the District that the proposed channel 
modifications would have an adverse impact on a 
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resident population of ducks that nest in the park. 
Accordingly, the District requested that the Com
mission consider alternative flood control measures 
for Wilson Park Creek between S. 20th Street and 
S. 6th Street. Also, as a result of the severe flood 
damages that occurred along the Kinnickinnic 
River during the August 6, 1986, flood event, the 
City of Milwaukee Common Council adopted a 
resolution requesting the District to consider 
diverting all, or part, of the flow in Wilson Park 
Creek to Lake Michigan in order to reduce flood 
flows along the Kinnickinnic River. Accordingly, 
alternative diversion measures were investigated as 
part of this system plan and are presented herein. 

Overview of the Study Area 
Wilson Park Creek is a tributary of the Kinnickin
nic River. The Wilson Park Creek subwatershed is 
located almost entirely within the City of Milwau
kee. Small portions of the subwatershed are located 
in the Cities of Cudahy, Greenfield, and St. Francis. 
From its headwater area near S. Whitnall Avenue, 
Wilson Park Creek flows in a generally north
westerly direction for approximately 6.1 miles, and 
drains an area of 11.19 square miles (see Map 32). 
Of this total drainage area, 7.58 square miles, or 
about 68 percent, lie within the City of Milwaukee; 
1.4 7 square miles, or about 13 percent, lie within 
the City of Cudahy; 2.02 square miles, or 18 
percent, lie within the City of Greenfield; and 0.12 
square mile, or about 1 percent, lies within the 
City of St. Francis. 

More specifically, from its origin near S. Whitnall 
Avenue, Wilson Park Creek flows in a generally 
westerly direction to the vicinity of S. Howell 
Avenue and W. Layton Avenue. From this point, 
the creek flows in a generally northwesterly 
direction to W. Morgan Avenue, and thence in a 
generally northerly direction to its confluence with 
the Kinnickinnic River near S. 30th Street and W. 
Oklahoma Avenue. Of the 6.1-mile reach described, 
5.2 miles, or 85 percent, is classified as perennial, 
while the remaining 0.9 mile, or 15 percent, is 
classified as intermittent. As already noted, the 
entire 6.1-mile stream length is recommended for 
District jurisdiction in the policy plan companion 
to this system plan. 

The Wilson Park Creek subwatershed is almost 
completely developed for urban use, including 
residential, commercial, industrial, institutional, 
and urban open space uses. The open space uses are 
comprised mainly of public parks and cemeteries. 
The developed areas of the Wilson Park Creek 
subwatershed are generally provided with a full 
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range of municipal street improvements, including 
paved streets with curbs and gutters and attendant 
storm sewers. Accordingly, surface runoff is gen
erally conveyed rapidly from each individual site to 
Wilson Park Creek through storm sewers. 

Specific data on pertinent characteristics of the 
watershed, including hydrologic soil types, land 
slopes, and land use, appear in Chapter II of this 
report. The planned land use conditions utilized in 
the system planning assume that the watershed will 
be fully urbanized by the design year of the system 
plan. However, existing open space uses, such as 
parks and cemeteries, will remain. 

Flooding, in various degrees, is a common occur
rence adjacent to the Wilson Park Creek and the 
Edgerton Channel. Flooding along the creek has 
increased proportionally to the degree of conver
sion of land from open, rural uses to urban uses. 
Channel improvements have been made along the 
entire stream length to accommodate the increased 
streamflows. The channel has been physically 
altered by deepening, straightening, lining with 
concrete or stone, construction of sills or drop 
spillways, and enclosure in culverts. 

Flooding and Related Drainage Problems 
As already noted, flooding, including first-floor 
flooding, yard flooding, and basement flooding, 
occurs frequently within the Wilson Park Creek 
subwatershed. 

During 1986 alone, there were three storm events 
for which flooding and water-related problems 
were reported, based upon records maintained by 
the City Engineer of the City of Milwaukee. Map 
33 shows those areas for which problems were 
reported. More than 130 flooding problems were 
documented during 1986, with the most-115-
being reported during the August 6 rainfall. Addi
tional areas in which flooding problems have 
occurred-including areas along the Edgerton 
Channel-were documented in the Kinnickinnic 
River watershed study and are also shown on Map 
33. Flooding of roadways and underpasses has also 
occurred frequently in the watershed. It should be 
noted that the flood control measures considered 
under this system plan are aimed primarily at 
alleviating flood damages from direct overland 
flooding along the stream studied, as well as at 
providing an adequate outlet for local storm 
sewers. These measures will help to reduce, but will 
not necessarily eliminate, flooding due to localized 
stormwater drainage problems or sanitary sewer 
backups. 
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The costs of flooding were estimated using damage 
cost curves prepared by the Commission and 
described in Chapter III. The dollar amount of the 
flood damages is based upon the depth of inunda
tion and the assessed valuation of the building. 
Damages to building contents are included in the 
total costs. 

Flooding, as defined herein, includes basement 
flooding, yard inundation, and flooding above the 
first-floor level. The total number of existing 
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residences that may be expected to experience 
direct flooding along Wilson Park Creek in the City 
of Milwaukee is as follows: 

Flood Event Number of EXisting Homes Flooded 
Recurrence Interval Year 2000 Land Use Conditions 

100 
50 
10 

36 
26 
o 
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The number of existing industrial and commercial 
properties that may be expected to experience 
direct flooding along Wilson Park Creek in the City 
of Milwaukee is as follows : 

Flood Event 
Recurrence Interval 

130 

100 
50 
10 

Number of Existing Industrial and 
Commercial Properties Flooded 

Year 2000 Land Use Conditions 

8 
5 
o 
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Additional homes and industrial and commercial 
properties may be expected to experience indirect 
flood damages through sewer backup. The eight 
commercial and industrial buildings that are 
expected to experience flood damage include 
De Paul Rehabilitation Hospital. This facility 
incurred extensive flood damage as a result of the 
August 6, 1986, storm event, including the flood
ing of a cafeteria area, numerous offices, and a 
gymnasium, and the loss of the hospital telephone 
system and portions of the electrical system. All of 
these facilities were located in the basement or 
subbasement levels of the hospital. 



The total average annual flood losses-<iamages-for 
Wilson Park Creek in the City of Milwaukee are 
estimated at $39,000 under year 2000 planned 
land use and existing channel conditions. Flood 
losses of about $900,000 may be expected from a 
100-year recurrence interval flood under year 2000 
planned land use and existing channel conditions. 

The total number of existing residences that may 
be expected to experience direct flooding along 
Wilson Park Creek-Edgerton Channel in the City 
of Cudahy is as follows: 

Flood Event Number of Existing Homes Flooded 
Recurrence Interval Year 2000 Land Use Conditions 

100 177 
50 175 
10 140 

The total number of existing industrial and 
commercial properties that may be expected to 
experience direct flooding along Wilson Park 
Creek-Edgerton Channel in the City of Cudahy is 
as follows: 

Flood Event 
Recurrence Interval 

100 
50 
10 

Number of Existing Industrial and 
Commercial Properties Flooded 
Year 2000 Land Use Conditions 

5 
5 
3 

Additional homes and industrial and commercial 
properties be expected to experience indirect flood 
damages through sewer backup. 

The total average annual flood losses-<iamages-for 
Edgerton Channel in the City of Cudahy are 
estimated at $142,100 under year 2000 planned 
land use and existing channel conditions. Flood 
losses of about $486,000 may be expected from a 
100-year recurrence interval flood under year 2000 
planned land use and existing channel conditions. 

The drainage and flood control objectives and sup
porting principles and standards set forth in Chap
ter III specify the flood events which bridges shall 
accommodate without overtopping the related 
roadway. Based on those criteria, three bridges are 
considered hydraulically inadequate, as shown in 
Appendix B. These three structures are at S. Penn
sylvania, S. Nicholson, and S. Whitnall Avenues. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the hydro
logic model used in developing design discharges 
for Wilson Park Creek simulates streamflow on a 
continuous basis using recorded climatological data 
as input. Flood discharges are developed by con
ducting discharge-frequency analyses of simulated 
annual peak discharges generated by the hydrologic 
model according to the log Pearson Type III 
method of analyses, as recommended by the U. S. 
Water Resources Council5 and as specified by the 
Wisconsin Department of Natural Resources.6 

These analyses were conducted for both existing 
and planned land use and channel conditions at six 
locations along Wilson Park Creek. The flood 
discharges that were developed were then checked 
by incorporating the discharges into a hydraulic 
model to develop stages and comparing those 
stages to available historical high-water-mark data. 
Such data were available for three locations on the 
channel from the City Engineer of the City of 
Milwaukee, and for six locations on the channel 
from the Milwaukee Metropolitan Sewerage 
District. 

The flood discharges presented in the Kinnickinnic 
River watershed study for plannea land use and 
existing channel conditions were developed with 
the assumption that the District's plans for major 
channelization along Wilson Park Creek between 
W. Euclid Avenue and S. 6th Street would be fully 
implemented. As previously noted, as of December 
1986, this channelization had been completed 
except for a 1.3-mile reach between S. 6th Street 
and S. 20th Street. Therefore, for purposes of this 
system plan, a new set of flood flows and stages 
was developed for Wilson Park Creek assuming year 
2000 planned land use and existing (1986) channel 
conditions. This change in channel conditions 
along Wilson Park Creek did not produce any sig
nificant change in the discharges for the Kinnic
kinnic River presented in the Kinnickinnic River 
watershed stUdy. Therefore, planned land use and 
existing channel flood flows and stages were 
revised only for Wilson Park Creek. 

5 United States Water Resources Council, loco cit. 

6 "Wisconsin's Floodplain Management Program," 
Wisconsin Administrative Code, Chapter NR 116, 
February 1986. 
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Table 26 

FLOOD DISCHARGE FOR WILSON PARK CREEK-EDGERTON CHANNEL 
FOR YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Location 

Mouth at Kinnickinnic River ........... 
W. Oklahoma Avenue Tunnel Outlet ...... 
W. Euclid Avenue Tunnel Inlet .......... 
W. Lakefield Drive .................. 
W. Morgan Avenue Tunnel Outlet ........ 
S. 27th Street Tunnel Inlet ............ 
W. Howard Avenue ................. 
S. 20th Street ..................... 
Pedestrian Bridge ................... 
S. 13th Street ..................... 
IH 94 .......................... 
Soo Line Railroad .................. 
S. 6th Street ...................... 
S. 5th Street ...................... 
W. Layton Avenue Tunnel Outlet ........ 
S. Howell Avenue Tunnel Inlet .......... 
Airport Tunnel Outlet ............... 
Airport Tunnel Inlet ................ 
Airport Service Road ................ 
Drop Structure .................... 
Chicago & North Western Railway ....... 
Utility Lane ...................... 
S. Pennsylvania Avenue .............. 
Frontage Road .................... 
S. Nicholson Avenue ................ 
S. Whitnall Avenue ................. 

Source: SEWRPC. 

The estimated peak flood discharges under year 
2000 planned land use and existing (1986) channel 
conditions are set forth in Table 26. Flood stage 
profiles were determined for the 10-, 50-, and 
100-year recurrence interval runoff events under 
planned land use and existing channel conditions. 
These profiles, which encompass the full 6.1-mile
long reach of Wilson Park Creek studied, constitute 
a graphic representation of the flood stages along 
Wilson Park Creek under the specified recurrence 
interval flood discharges. In addition to providing 
an overall representation of flood stages relative to 
familiar points of reference such as the channel 
bottom and bridge deck surfaces, the profiles, 
because of their continuity, permit the determina
tion of flood stages at any point along the stream 
channel. The flood profiles are shown in Figure 25. 
The extent of the 100-year recurrence interval 
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Peak Flood Discharge 
(cubic feet per second) 

River Mile 10-Year 50-Year 100-Year 

0.00 1,970 2,730 3,070 
0.05 1,970 2,730 3,070 
0.32 1,970 2,730 3,070 
0.49 1,970 2,730 3,070 
0.68 1,670 2,310 2,600 
0.87 1,670 2,310 2,600 
1.30 1,670 2,310 2,600 
1.70 1,670 2,310 2,600 
1.83 1,670 2,310 2,600 
2.42 1,250 1,690 1,880 
2.50 1,250 1,690 1,880 
2.57 1,250 1,690 1,880 
3.03 1,250 1,690 1,880 
3.18 1,250 1,690 1,880 
3.51 520 660 710 
3.65 520 660 710 
3.86 520 660 710 
4.76 400 550 620 
4.96 400 550 620 
5.28 400 550 620 
5.34 400 550 620 
5.36 400 550 620 
5.54 350 450 510 
5.98 350 450 510 
5.99 350 450 510 
6.12 350 450 510 

floodplain for Wilson Park Creek under planned 
land use and existing channel conditioris is shown 
on Map 34. 

Alternative Flood Control and Related 
Drainage System Plans for Wilson Park 
Creek in the City of Milwaukee 
In the preparation of this system plan, six alterna
tive flood control plans were considered for allevi
ating the flood damage problems along Wilson Park 
Creek in the City of Milwaukee: 1) Alternative 
System I-no action; 2) Alternative System 2-
structure floodproofing and elevation; 3) Alterna
tive System 3-major channelization; 4) Alternative 
System 4-major channelization with concrete 
lining through Wilson Park; 5) Alternative System 
5-bridge replacement with limited channelization; 
and 6) Alternative System 6-diversion. 



Table 27 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES 
FOR WILSON PARK CREEK IN THE CITY OF MILWAUKEE 

Benefit-Cost Analysis 

Annual Costs Annual 
Benefits Economic 

Operation Minus Benefit- Aatio 
Capital Amortized and Annual Annual Cost Greater 

Alternative Description Cost Capital8 Maintenance Other Total Benefits Costs Ratio than One 

1. No Action .. $ 0 $ 0 $ 0 $39,000 $ 39,000 $ 0 $ ·39,000 .. No 

2. Structure a. Floodproof up to 36 $ 1,185,000 $ 79,000 $ .. $ .. $ 79,000 $39,000 $ ·40,000 0.49 No 
F loodproofing residential and 8 
and Elevation industrial and com-

mercial structures 
b. Elevate 2 residential 62,000 

structures 

Subtotal $ 1,247,000 

3. Major a. 1.3 miles of major $ 554,000 $ 37,000 $ 2,600 $ .. $ 39,600 $39,000 $ ·600 0.98 No 
Channelization channelization 

b. Modification of 30,000 
pedestrian bridge 

Subtotal $ 584,000 

4. Major Channel- a. 0.9 mile of channel- $ 333,000 $ 79,400 $ 2,600 $ .. $ 82,000 $39,000 $ ·43,000 0.48 No 
ization with ization with turf 
Concrete Lining lining 
through Wilson b. 0.4 mile of channel- 888,000 
Park ization with concrete 

lining 

c. Modification of 30,000 
pedestrian bridge 

Subtotal $ 1,251,000 

5. Bridge Replace- a. Replacement of one $ 778,000 $ 60,400 $ 2,600 $ .. $ 63,000 $39,000 $ ·24,000 0.62 No 
ment with bridge 
Limited b. 1.3 miles of limited 166,000 
Channelization channelization 

Subtotal $ 944,000 

6. Diversion 18,350 feet of 13·foot· $48,307,000 $3,063,000 $18,000 $ .. $3,081,000 $39,000 $·3,042,000 0.01 No 
diameter diversion 
tunnel 

7. Combination a. 0.93 mile of channel- $ 342,000 $ 299,800 $ 4,200 $ .. $ 304,000 $39,000 $ ·265,000 0.13 No 
of Major ization with truf 
Channelization lining 
and Channel b. 1,450 feet of chan· 4,382,000 
Enclosure nel enclosure 

Subtotal $ 4,724,000 

8. Detention a. 65 acre-foot deten- $ 945,000 $ 91,000 $26,000 $ .. $ 117,000 $39,000 $ ·78,000 0.33 No 
Storage tion basin 

b. Culverts under rail- 48,000 
road spur 

c. Land acquisition 443,000 

Subtotal $ 1,436,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

Each alternative is described below. The economic 
benefits and costs attendant to the alternatives are 
provided in Table 27. 

Alternative System Plan I-No Action: One alterna
tive course of action to alleviate the flood problem 
along Wilson Park Creek in the City of Milwaukee 
is to do nothing-that is, to recognize the inevita
bility of extensive flooding but to decide not to 
mount a collective, coordinated program to abate 

the flood damages. Under year 2000 planned land 
use and existing channel conditions, the average 
annual flood damages along this reach would 
approximate $39,000. There are no monetary 
benefits associated with this alternative, and the 
average annual cost would be equivalent to the 
average annual flood damage cost of $39,000. The 
estimated damages associated with the 100-year 
recurrence interval flood under year 2000 planned 
land use and existing channel conditions total 
$900,000. 
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Alternative System Plan 2-Structure Floodproof
ing and Elevation, and Removal: A structure flood
proofing and elevation alternative flood control 
system was analyzed to determine if such a struc
ture-by-structure approach would be a technically 
feasible and economically viable solution to the 
flood problem along Wilson Park Creek in the City 
of Milwaukee. For analytical purposes, the 100-year 
recurrence interval flood stage under year 2000 
planned land use and existing channel conditions 
was used to estimate the number of existing flood
prone structures to be floodproofed, elevated, or 
removed, and the 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 
removal cost. Structures to be elevated were 
assumed to have the first-floor raised to an eleva
tion of at least two feet above the 100-year recur
rence interval flood stage to provide adequate 
freeboard. For aesthetic reasons, structure eleva
tion was limited to a maximum of four feet. 
Structures that would have to be elevated more 
than four feet were considered for removal. 

Floodproofing was considered 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 35, of the 44 structures that 
may be expected to incur flood damage, 42 would 
have to be floodproofed and two would have to be 
elevated. No structures would need to be removed. 
Damage from floods up to and including the 
100-year recurrence interval event would be 
virtually eliminated. 

Assuming that these structure floodproofing 
measures would be fully implemented, and utiliz
ing 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 esti
mated at $79,000. This cost consists of the amortiz
ation of the $1,247,000 capital cost-$l,185,OOO 
for flood proofing and $62,000 for structure eleva
tion. The average annual flood damage abatement 
benefit was estimated at $39,000, yielding a 
benefit-cost ratio of 0.49 . 
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Alternative System Plan 3-Major Channelization: 
This alternative consists of completing the major 
channel modifications along the lo3-mile reach 
between S. 6th Street and S. 20th Street, as 
shown on Map 36. These channel modifications are 
the same as those that have been proposed by 
the Milwaukee Metropolitan Sewerage District and 
were included in the Kinnickinnic River watershed 
study with the exception that the resulting channel 
would have a turf lining as opposed to a concrete 
lining. 

Under this alternative, the streambed would be 
lowered from 2.3 to 5.4 feet in order to match the 
existing streambed along those reaches for which 
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channel modifications have already been com
pleted. The proposed channel would have a bottom 
width of 20 feet and side slopes of one on four. 
The resulting top width would average 110 feet. 
Modification of the bridge piers for the one pedes
trian bridge in Wilson Park would be required. No 
other bridge reconstruction or modification would 
be required since the bridges within this stream 
reach have already been constructed to match the 
proposed channel invert. 

Implementation of this alternative would eliminate 
all structure flood damages due to overland flood
ing and storm sewer surcharging for floods up to 
and including the lOO-year recurrence interval 
event. 

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 channeliza
tion alternative is estimated at $39,600. This cost 
consists of the amortization of the $554,000 
capital cost of the channel modification, the 
$30,000 cost for modification of one pedestrian 
bridge, and $2,600 in annual operation and main
tenance costs. The proposed channel is located 
entirely within either a drainage right-of-way that 
is owned by the District or a county-owned park, 
and therefore no land acquisition costs have been 
included. The average annual flood abatement 
benefit is estimated at $39,000, resulting in a 
benefit-cost ratio of 0.98. 

Alternative System Plan 4-Major Channelization 
with Concrete Lining Through Wilson Park: This 
alternative flood control system is similar to 
Alternative System 3 in that it includes major 
channel modifications along the 1.3-mile reach 
between S. 6th Street and S. 20th Street, as shown 
on Map 37. These channel modifications are 
different, however, for the O.4-mile reach through 
Wilson Park in that the proposed channel would be 
fully concrete lined, which would permit the use 
of a steeper side slope and, accordingly, would 
result in a narrower channel cross-section. This 
narrower channel would reduce the number of 
trees that would need to be removed from the park 
as a result of the channelization. Current practice 
of the Milwaukee County Parks Department 
requires compensation for county-owned trees 
that are removed by other agencies for public 
works construction. 

Under this alternative, the streambed would be 
lowered from 2.3 to 5.4 feet in order to match the 
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existing streambed at S. 6th Street and at S. 20th 
Street. For the 0.9-mile reach between Wilson Park 
and S. 6th Street, the proposed channel would be 
turf lined and would have a bottom width of 20 
feet and side slopes of one on four. The resulting 
top width would average 110 feet. For the O.4-mile 
reach through Wilson Park, the channel would be 
concrete lined and would have a bottom width of 
20 feet and side slopes of one on two. The result
ing top width would average 50 feet. A suitable 
transition between the two channel cross-sections 
would be provided immediately upstream of 
Wilson Park. It would be necessary to modify the 
bridge piers for one pedestrian bridge in Wilson 
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Park. No other bridge replacement or modification 
would be required. Implementation of this alterna
tive would eliminate all structure flood damages 
due to overland flooding and storm sewer surcharg
ing for floods up to and including the 100-year 
recurrence interval event. 

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 channeliza
tion alternative is estimated at $82,000. This cost 
consists of the amortization of the $1,221,000 
capital cost of the channel modification, $30,000 
for modification of one pedestrian bridge, and 
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$2,600 in annual operation and maintenance costs . 
The average annual flood abatement benefit is 
estimated at $39,000, resulting in a benefit-<:ost 
ratio of 0.48. 

Alternative System Plan 5-Bridge Replacement 
with Limited Channelization: This flood control 
system alternative is shown on Map 38 and consists 
of replacing one existing bridge over Wilson Park 
Creek-at S. 13th Street at River Mile 2.42. Under 
existing channel conditions, this bridge produces a 
backwater of 3.0 feet for a 100-year recunence 
interval flood with year 2000 planned land use. 
This bridge would be replaced with a clear span 
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structure designed to produce no backwater during 
a 100-year recurrence interval flood event. 

In addition to the bridge replacement, minor 
channel modifications would be carried out along 
the 1.3-mile reach of Wilson Park Creek between S. 
6th Street and S. 20th Street. These modifications 
are intended to eliminate stagnant water conditions 
caused by a 2.0-foot jump in the streambed at S. 
6th Street, and also to help alleviate flood damages 
at De Paul Rehabilitation Hospital. The existing 
channel invert would be lowered from 1.3 to 2.3 
feet within this reach. The proposed streambed 
would match the existing streambed upstream of 
S. 6th Street, while a drop of about 4.0 feet would 
remain at S. 20th Street. Between S. 6th Street and 
S. 13th Street, the proposed channel would have a 
bottom width of 10 feet and side slopes of one on 
three. Between S. 13th Street and S. 20th Street, 
the proposed channel would have a bottom width 
of 20 feet and side slopes of one on three. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods up 
to and including the 100-year recurrence interval 
event. 

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 esti
mated at $63,000. This cost consists of the amor
tization of the $778,000 capital cost of the bridge 
replacement, the $166,000 capital cost of the 
channel modification, and $2,600 in annual opera
tion and maintenance costs. The average annual 
flood abatement benefit is estimated at $39,000, 
resulting in a benefit-cost ratio of 0.62. 

Alternative System Plan 6-Diversion: In analyzing 
a floodwater diversion system for Wilson Park 
Creek in the City of Milwaukee, three subalterna
tive systems were considered. These subalternatives 
considered diverting stormwater runoff from three 
different drainage areas through a gravity flow con
duit located along E. and W. Layton Avenue, 
discharging to Lake Michigan at Sheridan Park. 
These drainage basins are shown on Map 39, and 
include the following areas: 1) that portion of the 
Wilson Park Creek subwatershed located in the 
City of Cudahy; 2) that area which is tributary to 
Holmes Avenue Creek; and 3) that area which is 
tributary to the confluence of Wilson Park Creek 
and Holmes Avenue Creek. Under each subalterna
tive, the diversion tunnel would be designed to 
convey the peak discharge for a 100-year recur
rence interval flood event from the respective 
drainage area. 
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Hydrologic and hydraulic analyses conducted 
under this alternative indicate that the diversion 
of runoff from that area located in the City of 
Cudahy would not reduce flood discharges enough 
to eliminate flood damages along Wilson Park 
Creek in the City of Milwaukee during a 100-year 
recurrence interval flood. Therefore, that subalter
native was eliminated from further consideration. 

Implementation of either of the two remaining 
sub alternatives would serve to eliminate flood 
damages from floods up to and including the 100-
year recurrence interval event. Both subalternatives 
consist of the construction of about 18,350 feet of 
diversion tunnel along Layton Avenue between the 
Holmes Avenue Creek crossing and Lake Michigan 
at Sheridan Park. This tunnel would have a total 
drop of about 62 feet along its 18,350-foot length. 
A tunnel 11 feet in diameter would be required to 
divert the runoff from the Holmes Avenue Creek 
drainage basin. A tunnel diameter of 13 feet would 
be required to divert runoff from that area tribu
tary to the confluence of Wilson Park Creek and 
Holmes Avenue Creek. Since these two subalterna
tives are very similar in terms of the capital costs 
entailed, that subalternative which provides for the 
diversion of runoff from the area tributary to the 
confluence of Wilson Park Creek and Holmes 
Avenue Creek was chosen for further considera
tion. This subalternative would provide the greatest 
reduction in flood discharge along Wilson Park 
Creek as well as along the Kinnickinnic River. This 
sub alternative is shown on Map 40. 

An alternative diversion tunnel route which could 
be considered in any more detailed feasibility 
studies would route the diversion north at about 
Howell Avenue to the upper reaches of the inner 
harbor at about Chase Avenue. 

Utilizing an annual interest rate of 6 percent and 
an amortization period and project life of 50 years, 
the average annual cost of this floodwater diversion 
alternative is estimated at $3,081,000. This cost 
consists of the amortization of the $48,307,000 
capital cost of the diversion tunnel, and $18,000 in 
annual operation and maintenance costs. The aver
age annual flood abatement benefit is estimated at 
$39,000, resulting in a benefit-cost ratio of 0.01. 

Alternative System Plan 7-Combination of Major 
Channelization and Channel Enclosure: This alter
native flood control system is shown on Map 41 
and includes major channel modifications along 
the 0.9-mile reach between Wilson Park and S. 6th 
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Street, as well as the construction of a bypass 
tunnel through Wilson Park. This alternative was 
considered since it would avoid the need for major 
changes to the existing stream channel through 
Wilson Park. 

Under this alternative, the existing Wilson Park 
Creek channel would be lowered from 2.3 to 5.2 
feet between S. 6th Street and the Wisconsin 
Electric Power Company right-of-way located at 
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the upstream end of Wilson Park. The proposed 
channel through this reach would be turf lined and 
would have a bottom width of 20 feet and side 
slopes of one on four. The resulting top width 
would average 110 feet. Within Wilson Park the 
existing channel would remain unchanged except 
for the first 150 feet upstream of S. 20th Street . 
The channel in this reach would be lowered 5.4 
feet and widened, with a 20-foot bottom width 
and side slopes of one on three. The resulting 

141 

::r o , ,, 



Map 40 

ALTERNATIVE PLAN 6: DIVERSION OF FLOODWATERS 
FROM WILSON PARK CREEK IN THE CITY OF MILWAUKEE 

LEGEND 

DIVERSION fUNNEL 

c::::J DRA~AGE AREA OIVERTEO 

Source: SEWRPC, 

channel would be turf lined. In addition, a bypass 
tunnel would be constructed through Wilson Park 
following an alignment similar to that shown on 
Map 41 . This tunnel would consist of two l2-foot 
by lO-foot concrete box culverts and one 10-foot 
by 8-foot concrete box culvert, each culvert being 
about 1,450 feet in length. These culverts would be 
placed on a slope that would match the proposed 
channel inverts at either end . This tunnel would 
carry some normal flow and most wet-weather 
flow from Wilson Park Creek. During major storm 
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events, excess flow would be conveyed through the 
park by the existing channel. The existing channel 
would continue to convey the normal flow from 
Villa Mann Creek, as well as localized drainage. 

Implementation of this alternative would eliminate 
all structure flood damages due to overland flood
ing and storm sewer surcharging for floods up to 
and including the 100-year recurrence interval 
event. 
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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 esti
mated at $304,000. This cost consists of the amor
tization of the $342,000 capital cost of the channel 
modification, the $4,382,000 capital cost of the 
bypass tunnel, and $4,200 in annual operation and 
maintenance costs. The average annual flood abate
ment benefit is estimated at $39,000, resulting in a 
benefit-cost ratio of 0.13. 

Alternative System Plan 8-Detention Storage: 
This flood control system alternative consists of 
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the construction of a detention reservoir along 
Wilson Park Creek immediately upstream of the 
Soo Line Railroad crossing at River Mile 2.57, as 
shown on Map 42. The resulting reservoir would 
encompass about 18 acres and would provide 
about 65 acre-feet of storage under a 100-year 
recurrence interval flood event. An existing rail
road spur that services the Central Steel & Wire 
Company currently traverses the site of the pro
posed reservoir. This railroad spur would remain, 
with excavation of the reservoir occurring on either 
side of the embankment. In order to ensure access 
of floodwaters to that portion of the reservoir that 
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lies north of the railroad embankment, culverts 
would be placed along the embankment at a spac
ing of 100 feet. 

Implementation of this alternative would eliminate 
all structure flood damages due to overland flood
ing and storm sewer surcharging for floods up to 
and including the 100-year recurrence interval 
event. 

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 esti
mated at $117,000. This cost includes the amortiza
tion of the $945,000 capital cost of the reservoir, 
the $48,000 capital cost of the railroad spur cul
verts, $443,000 for land acquisition, and $26,000 
in annual operation and maintenance costs. The 
average annual flood abatement benefit is esti
mated at $39,000, resulting in a benefit-cost ratio 
of 0.33. 

Evaluation of Flood Control Alternatives for 
Wilson Park Creek in the City of Milwaukee 
In selecting recommended flood control measures 
for Wilson Park Creek, not only must the costs of 
each alternative plan be considered, but also the 
environmental and aesthetic impacts, and the 
implementability of the alternative. Also, the 
noneconomic, or intangible, benefits of each 
alternative plan must be considered. 

Excluding the "no action" alternative, all of the 
flood control alternatives developed for Wilson 
Park Creek in the City of Milwaukee are considered 
technically feasible. The results of an economic 
analysis of these alternatives revealed that only 
one-major channelization-produced a benefit
cost ratio close to one. Alternative Plan 4-major 
channelization with concrete lining through Wilson 
Park-and Alternative Plan 5-bridge replacement 
with limited channelization-would alleviate flood 
damages, but at higher costs. The remaining five 
alternatives were eliminated from further consid
eration for various reasons. The "no action" 
alternative, while offering the lowest cost, does 
nothing to alleviate the existing flood problem and 
does not represent a sound approach to flood 
control. In addition to having a benefit-cost ratio 
of less than one, Alternative Plan 2-structure 
floodproofing and elevation, and removal-presents 
several problems in implementation. First, com
plete implementation of a voluntary structure 
flood proofing and elevation program is unlikely 
and, with partial implementation, the City of 
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Milwaukee would be left with a significant residual 
problem whenever a major flood event occured. 
Also, yard damages and cleanup costs would 
remain under the structure floodproofing and 
removal alternative. Finally, some floodproofing is 
very likely to be applied without adequate profes
sional advice. As a result, structure damage is likely 
to occur, and, once again, the City of Milwaukee is 
likely to be asked to assist in resolution of the 
problem. It should be noted that in some instances 
a structure floodproofing and elevation alternative 
may be a viable solution to a flooding problem. 
Such would be the case where structure damages 
are relatively low and are widely scattered along a 
stream. Structural measures, such as channel 
modifications or detention storage, may not be an 
economical solution in such instances, since long 
reaches of the channel would have to be modified 
by structural improvements to resolve widely 
scattered problems. 

Implementation of Alternative Plan 6-diversion
would provide for additional intangible benefits in 
that the plan would result in a low-level outlet for 
local storm water drainage systems all along the 
route of the diversion tunnel to Lake Michigan. 
However, the present damages and thus the bene
fits associated with the local drainage system 
improvement have not been specifically quantified. 
The extremely high cost of Alternative Plan 6 
relative to the direct flood abatement benefits 
along Wilson Park Creek and the attendant very 
low benefit-cost ratio make this alternative imprac
tical from an economic standpoint. However, 
should funding from other than local sources be 
found for implementing this project, it could be 
considered further because of the potential for 
providing a means of improving local drainage 
systems. 

Alternative Plan 7-channel enclosure and major 
channelization-and Alternative Plan 8-detention 
storage-were not considered further because of 
their very low benefit-cost ratios. 

In choosing between the remaining three alterna
tives-major channelization, major channelization 
with concrete lining through Wilson Park, and 
bridge replacement with limited channelization
several factors must be considered. In terms of 
impacts on the natural environment, it appears that 
Alternative 5-bridge replacement with limited 
channelization-would be preferable, since required 
changes to the existing channel configuration 
would be more limited. In this respect, however, it 



should be noted that extensive channel modifica
tions have already been carried out along Wilson 
Park Creek, including along the O.4-mile reach 
through Wilson Park. These modifications included 
widening and straightening of the channel. There
fore, the creek is no longer in its "natural" state. 
By utilizing a turf lining under Alternative Plan 3-
major channelization-the appearance of the pro
posed channel could be made more consistent with 
the urban park environment along Wilson Park 
Creek. In addition, the impact on wildlife in Wilson 
Park-such as the resident duck popUlation-would 
be lessened by use of the turf lining as opposed 
to a concrete lining. Alternative Plan 4-major 
channelization with concrete lining through Wilson 
Park-would require fewer trees to be removed in 
Wilson Park. The remaining trees would provide a 
visual barrier along the channel, lessening the 
aesthetic impact of the concrete lining. 

In terms of environmental impacts on developed 
areas, all three alternatives would serve to reduce 
flood stages along Wilson Park Creek between S. 
20th Street and W. Layton Avenue. Because of the 
more extensive channelization and lower channel 
invert, Alternatives 3 and 4, providing for major 
channelization, result in lower flood profiles, 
particularly through that reach along De Paul 
Rehabilitation Hospital. 

In terms of implementability, all three alternatives 
would present few problems. Favorable aspects of 
Alternative Plans 3 and 4 include the fact that 
they are consistent with channelization plans 
prepared by the Milwaukee Metropolitan Sewerage 
District except for the use of a turf lining as 
opposed to concrete, and the fact that they utilize 
the bridges that have already been built to accom
modate the proposed channel invert. A favorable 
aspect of Alternative Plan 2 is that it has a lesser 
impact on the existing channel system, and thus 
should make the regulatory agency and the general 
public more favorably inclined to implementation. 

Upon consideration of the eight alternative flood
land management systems, a ninth alternative was 
developed. This alternative also consists of major 
channelization along the 1.3-mile reach between S. 
6th Street and S. 20th Street. The streambed 
would be lowered from 2.3 to 5.4 feet along this 
reach in order to match the existing inverts at S. 
6th Street and S. 20th Street. For the O.4-mile 
reach through Wilson Park, the channel would have 
a bottom width of 20 feet and side slopes of one 
on three. The resulting channel top width would 

average 70 feet. For the 0.9-mile reach between 
Wilson Park and S. 6th Street, the proposed 
channel would have a bottom width of 20 feet and 
side slopes of one on four. The resulting channel 
top width would average 110 feet. The channel 
along the entire 1.3-mile reach would be turf lined. 
It would be necessary to modify the piers on one 
pedestrian bridge located in Wilson Park. Imple
mentation of this alternative would eliminate all 
structure flood damages due to overland flooding 
and storm sewer surcharging for floods up to and 
including the 100-year recurrence interval event. 

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 channeliza
tion alternative is estimated at $35,600. This cost 
consists of the amortization of the $490,000 capi
tal cost of the channel modification, the $30,000 
cost for modification of one pedestrian bridge, and 
$2,600 in annual operation and maintenance costs. 
The average annual flood abatement benefit is 
estimated at $39,000, resulting in a benefit-cost 
ratio of 1.10. 

It is recommended that the revised Alternative Plan 
3 with side slopes of one on three through Wilson 
Park be adopted to resolve flooding problems along 
Wilson Park Creek in the City of Milwaukee. At 
a June 19, 1987, public hearing on the recom
mended plan, a number of citizens requested that 
the modified channel include concrete lining rather 
than turf lining. As a result of that hearing, it was 
decided that the Milwaukee Metropolitan Sewerage 
District should conduct an opinion poll of resi
dents along the channel in order to determine 
public support for the concrete lining of portions 
of the channel. The results of that poll would be 
used by the District in determining whether or not 
to provide a concrete lining on a part of the chan
nel cross-section in the final design of the channel 
modifications. 

In recommending the channel modification flood 
control plan for Wilson Park Creek, the Advisory 
Committee recognized that there was interest 
among local officials in providing a greater level of 
flood protection and a better means of solving 
local drainage problems through construction of 
the floodwater diversion tunnel. That interest led 
the Milwaukee County Board of Supervisors and 
the Common Council of the City of Milwaukee to 
urge the District to proceed with the recommended 
channel modifications along Wilson Park Creek as 
an interim measure, and to urge further that the 
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District seek funding for construction of the 
floodwater diversion alternative. The standards 
described in Chapter III of this system plan call for 
a 100-year recurrence interval level of protection in 
the design of flood control works by the District; 
the Advisory Committee thus concluded that the 
design and construction of flood control measures 
intended to protect against events with recurrence 
intervals in excess of 100 years and to provide a 
deep local drainage outlet would be the responsi
bility of the local communities, with assistance 
from state or federal agencies, such as the U. S. 
Army Corps of Engineers. This conclusion would 
not preclude the investigation of the potential for 
federal funding of this alternative, but would place 
the burden of seeking such assistance on the local 
community. 

Alternative Flood Control and Related Drainage 
System Plans for Wilson Park Creek-Edgerton 
Channel in the City of Cudahy 
In preparing the comprehensive plan for the 
Kinnickinnic River watershed, 11 alternative flood 
control systems were considered for alleviating 
the flood damage problem along Wilson Park Creek 
in the City of Cudahy-also referred to as the 
Edgerton Channel: 1) Alternative System 1-no 
action; 2) Alternative System 2-diversion; 3) 
Alternative System 3-structure flood proofing and 
elevation; 4) Alternative System 4-major channel
ization; 5) Alternative System 5-major channeliza
tion with channel enclosure; 6) Alternative System 
6-dikes and floodwalls; 7) Alternative System 7-
detention storage; 8) Alternative System 8-deten
tion storage, channel enclosure, and channel 
realignment; 9) Alternative System 9-bridge and 
culvert modification, replacement, and removal; 
10) Alternative System 10-channel enclosure; and 
11) Alternative System 11-major channelization 
with turf lining and channel enclosure. 

Each alternative system is described briefly below. 
The economic benefits and costs attendant to each 
alternative are provided in Table 28. More detailed 
descriptions of these 11 alternatives are set forth in 
SEWRPC Planning Report No. 32. 

Alternative System Plan 1-No Action: Under this 
"do nothing" alternative, the average annual cost 
would be equivalent to the average annual flood 
damages of $142,100 for this reach. Estimated 
damages of about $486,000 for the 100-year 
recurrence interval flood would remain along this 
stream reach. There would be no monetary bene
fits associated with this alternative. 

Alternative System Plan 2-Diversion: This flood 
control system alternative is shown on Map 43 and 
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consists of constructing a gravity flow conduit 
from the Edgerton Channel immediately down
stream of S. Nicholson Avenue to Lake Michigan 
through the City of Cudahy along the alignment of 
Edgerton Avenue. The diversion conduit would be 
approximately 6.0 feet in diameter and would 
have a total length of 7,500 feet. This conduit 
would be able to carry the 100-year recurrence 
interval flood discharge under year 2000 planned 
land use conditions at the point of diversion. This 
alternative would eliminate flood damages along 
this reach for floods up to and including the 
100-year recurrence interval event. 

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 esti
mated at $729,200. This cost consists of the 
amortization of the $11 ,390,000 capital cost for 
the diversion conduit and $7,100 in annual opera
tion and maintenance costs. The average annual 
flood abatement benefit is estimated at $142,100, 
resulting in a benefit-cost ratio of 0.19. 

Alternative System Plan 3-Structure Floodproof
ing and Elevation: A structure floodproofing and 
elevation alternative flood control system was 
analyzed to determine if such a structure-by-struc
ture approach would be a technically feasible and 
economically viable solution to the flood problem 
along Edgerton Channel in the City of Cudahy. 
The analysis indicated that 169 structures would 
have to be floodproofed and 11 structures would 
have to be elevated. These structures are shown on 
Map 44. No structures would be removed under 
this alternative. Implementation of this alternative 
would essentially eliminate all damages from floods 
up to and including the 100-year recurrence 
interval event. 

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 esti
mated at $55,800. This cost consists of the amor
tization of the $878,000 capital cost-$531,900 
for floodproofing and $346,000 for structure 
elevation. The average annual flood abatement 
benefit is estimated at $142,100, yielding a bene
fit-cost ratio of 2.55. 

Alternative System Plan 4-Major Channelization: 
Under this alternative, about 0.8 mile of major 
channel modifications would be carried out along 
Edgerton Channel between the upstream limit of 
the existing airport channelization at River Mile 
5.28 and S. Whitnall Avenue, as shown on Map 45. 



Table 28 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR EDGERTON CHANNEL IN THE CITY OF CUDAHY 

Benefit-Cost Analysis 

Annual Costs Annual 
Benefits Economic 

Operation Minus Benefit- Ratio 
Capital Amortized and Annual Annual Cost Greater 

Alternative Cost Capitala 
Maintenance Other Total Benefits Costs Ratio than One 

1. No Action $ 0 $ 0 $ 0 $142,100 $142,100 $ 0 $-142,100 -- No 

2. Diversion 11,390,000 722,100 7,100 0 729,200 142,100 -587,100 0.19 No 

3. Structure Floodproofing 878,000 55,800 0 0 55,800 142,100 86,300 2.55 Yes 
and Elevation 

4. Major Channelization 2,614,OOOd 166,000 1,700 0 167,700 142,100 -25,600 0.85 No 

5. Major Channelization 2,663,OOOd 168,800 1,900 0 170,700 142,100 -28,600 0.83 No 
with Channel Enclosure 

6. Dikes and F loodwalls 3,409,000 226,700c 53,200 0 279,900 142,100 -137,800 0.51 No 

7. Detention Storage 980,000 62,200 10,000 0 72,200 117,500 45,300 1.63 Yes 

8. Detention Storage, 2,109,OOOd 133,900 10,500 0 144,400 142,100 -2,300 0.98 No 
Channel Enclosure, and 
Channel Realignment 

9. Bridge and Culvert -- -- -- -- -- -- -- -- --
Modification, Replace-
ment, and Removal b 

10. Channel Enclosure 4,466,000 283,500 2,500 0 286,000 142,100 -143,900 0.50 No 

11. Major Channelization 2,154,OOOd 136,600 1,900 0 138,500 142,100 3,600 1.02 Yes 
with Turf Lining and 
Channel Enclosure 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

b No costs were determined as this alternative was not found to be technically feasible. 

C Assumes replacement of pumping equipment after 25 years. 

d No cost was assigned for S. Pennsylvania Avenue bridge replacement since this structure is scheduled for replacement under the Commission's adopted regional transportation plan. 

Source: SEWRPC. 

The proposed channel would be concrete lined and 
would have a bottom width of 10 feet and side 
slopes of one on two to one on three. The top 
width of the proposed channel would vary from 40 
to 50 feet. The existing streambed would be 
lowered from 1.5 to 2.5 feet. In addition to the 
major channel modifications, the following five 
bridges would require modification, replacement, 
or removal: 1) the Chicago & North Western 
Railway bridge, 2) the railroad utility road bridge 
at River Mile 5.36, 3) the S. Pennsylvania Avenue 
bridge, 4) the frontage road bridge at River Mile 
5.98, and 5) the S. Nicholson Avenue bridge. These 
bridges would be designed to span the entire modi
fied channel and to cause no backwater during a 
100-year recurrence interval flood event. Imple
mentation of this alternative would essentially elim
inate all damages attendant to floods up to and 
including the 100-year recurrence interval event. 

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 esti
mated at $167,700. This cost consists of the amor
tization of the $2,614,000 capital cost-$1,362,000 
for channelization and $1,252,000 for bridge 
replacement1 -and $1,700 in annual operation and 
maintenance costs. The average annual flood abate
ment benefit is estimated at $142,100, resulting 
in a benefit-cost ratio of 0.85. 

Alternative System Plan 5-Major Channelization 
with Channel Enclosure: A major channel modifi-

7 No cost was assigned for S. Pennsylvania Avenue 
bridge replacement since this structure is scheduled 
for replacement under the Commission's adopted 
regional transportation plan_ 
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Map43 

ALTERNATIVE PLAN 2: DIVERSION OF 
FLOODWATERS FROM EDGERTON 
CHANNEL IN THE CITY OF CUDAHY 
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Source: SEWRPC. 

cation and channel enclosure alternative was 
analyzed for Edgerton Channel in the City of 
Cudahy and is shown on Map 46. This alternative 
consists of major channel modifications along 0.5 
mile of this stream reach-Q.38 mile between the 
upstream limit of the existing airport channeliza
tion and River Mile 5.66, and 0.13 mile between S. 
Nicholson Avenue and S. Whitnall Avenue. The 
proposed channel would be concrete lined and 
would have a bottom width of 10 feet and side 
slopes ranging from one on two to one on three. 
The existing channel invert would be lowered from 
2.1 to 4.5 feet . This alternative also includes the 
enclosure of 0.3 mile of channel in a reinforced 
concrete box culvert between River Mile 5.66 and 
S. Nicholson Avenue. This box culvert would be 10 
feet wide by 6 feet high. In addition, this alterna
tive calls for the modification or replacement of 
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Map 44 

ALTERNATIVE PLAN 3: STRUCTURE 
FLOODPROOFING AND ELEVATION ALONG 

EDGERTON CHANNEL IN THE CITY OF CUDAHY 
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three bridges: 1) the Chicago & North Western 
Railway bridge, 2) the railroad utility road bridge 
at River Mile 5.36, and 3) the S. Pennsylvania 
Avenue bridge. Implementation of this alternative 
would essentially eliminate all damages attendant 
to floods up to and including the 100-year recur
rence in terval even t_ 

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 esti
mated at $170,700. This cost consists of the 
amortization of the $2,663,000 capital cost
$680,000 for channelization, $1,058,000 for 
channel enclosure, and $925,000 for bridge replace
mentS-and $1,900 in annual operation and main-

Slbid. 
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ALTERNATIVE PLAN 4: MAJOR 
CHANNELIZATION ALONG EDGERTON 

CHANNEL IN THE CITY OF CUDAHY 
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Source: SEWRPC. 

t 

D' 

tenance costS. The average annual flood abatement 
benefit is estimated at $142,100, resulting in a 
benefit-cost ratio of 0.83. 

Alternative System Plan 6-Dikes and Floodwalls: 
The dike and floodwall flood control system 
alternative for Wilson Park Creek in the City of 
Cudahy consists of the construction of 0.9 mile 
of earthen dikes and 0.8 mile of concrete or sheet 
steel flood walls, as shown on Map 47. These dikes 
and flood walls would be designed to pass the 
100-year recurrence interval flood with 3.0 feet of 
freeboard. The maximum height of the dikes and 
flood walls would be 8.0 feet. Also under this 
alternative, eight stormwater pumping stations 
would be required in order to drain low-lying areas 
behind the dikes and flood walls. Finally, this 
alternative includes the replacement of the bridge 
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ALTERNATIVE PLAN 5: MAJOR CHANNELIZATION 
AND CHANNEL ENCLOSURE ALONG EDGERTON 

CHANNEL IN THE CITY OF CUDAHY 
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at S. Nicholson Avenue and the removal of the 
frontage road bridge at River Mile 5.98. Imple
mentation of this alternative would essentially 
eliminate all damages attendant to floods up to and 
including the 100-year recurrence interval event. 

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 esti
mated at $279,900. This cost consists of the 
amortization of the $3,409,000 capital cost
$383,000 for dikes, $1,562,400 for floodwalls, 
$78,000 for bridge replacement, and $1,386,000 
for pumping stations-and $53,200 in annual 
operation and maintenance costs. The average 
annual flood abatement benefit is estimated at 
$142,100, resulting in a benefit-cost ratio of 0.5l. 
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ALTERNATIVE PLAN 6: DIKES AND 
FLOODWALLS ALONG EDGERTON 

CHANNEL IN THE CITY OF CUDAHY 
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Alternative System Plan 7-Detention Storage: The 
detention storage alternative for Edgerton Channel 
in the City of Cudahy would provide for the con· 
struction of a reservoir along Edgerton Channel 
immediately upstream of S. Whitnall Avenue, as 
shown on Map 48. An earthen embankment 
approximately 1,600 feet long and varying from 2 
to 13 feet in height would be constructed immedi· 
ately east and parallel to S. Whitnall Avenue. The 
reservoir would provide about 65 acre·feet of 
storage under a 100-year recurrence interval flood 
event. This detention reservoir would serve to 
reduce, but not eliminate, flood damages along this 
reach of Edgerton Channel. The residual flood 
damages would amount to about $24,600 on an 
average annual basis. 
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Map 48 

ALTERNATIVE PLAN 7: DETENTION 
STORAGE ALONG EDGERTON 

CHANNEL IN THE CITY OF CUDAHY 
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Utilizing an annual interest rate of 6 percent and 
an amortization period and project life of 50 years, 
the average annual cost of th is alternative is esti
mated at $72,200. This cost consists of the 
$980,000 capital cost of the detention reservoir 
and $10,000 in annual operation and maintenance 
costs. The average annual flood abatement benefit 
is estimated at $117,500, yielding a benefit-cost 
ratio of 1.63. 

Alternative System Plan 8-Detention Storage, 
Channel Enclosure, and Channel Realignment: 
Under this flood control system alternative, shown 
on Map 49, a detention reservoir would be con
structed immediately upstream of S. Whitnall 



....... 

D 

• 

-

Map49 

ALTERNATIVE PLAN 8: DETENTION 
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Avenue. An earthen embankment approximately 
1,600 feet in length and 2.0 to 13 feet in height 
would be constructed immediately east of S. 
Whitnall Avenue. In addition to the reservoir, a 
0.31-mile reach of the channel between River 
Miles 5.66 and 5.97 would be enclosed in a 10-
foot-wide by 6-foot-high reinforced concrete box 
culvert. Finally, the existing channel would be 
realigned between the downstream end of the box 
culvert and the western city limits in order to be 
consistent with local planning and with easements 
previously acquired for this purpose by the City of 
Cudahy. In addition, a new bridge at S. Pennsyl
vania Avenue would need to be constructed to 
match the new channel alignment. Implementation 
of this alternative would essentially eliminate all 

damages attendant to floods up to and including 
the 100-year recurrence interval event. 

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 esti
mated at $144,400. This cost consists of the 
$2,109,000 capital cost-$980,000 for the deten
tion reservoir, $1,085,000 for channel enclosure, 
and $44,200 for channel realignment9 -and 
$10,500 in annual operation and maintenance 
costs. The average annual flood abatement benefit 
is estimated at $142,100, resulting in a benefit-cost 
ratio of 0.98. 

Alternative System Plan 9-Bridge and Culvert 
Modification, Replacement, and Removal: A 
bridge and culvert modification, replacement, and 
removal alternative was considered for alleviating 
flood damages along Edgerton Channel in the City 
of Cudahy. This alternative is shown on Map 50. 
Under this alternative, selected bridges would be 
either removed, replaced, or modified so as to 
produce no backwater under a 100-year recurrence 
interval flood event. The bridges considered under 
this alternative were: 1) the Chicago & North 
Western Railway bridge at River Mile 5.34, 2) the 
utility road bridge at River Mile 5.36, 3) the S. 
Pennsylvania bridge at River Mile 5.54, 4) the 
frontage road bridge at River Mile 5.98, and 5) the 
S. Nicholson Avenue bridge at River Mile 5.99. The 
results of the hydraulic analysis conducted under 
this alternative indicate that the replacement or 
removal of these bridges would not have a signifi
cant impact on flood damages along this reach. 
Thus, this alternative is not considered to be 
technically or economically feasible. No costs were 
determined for this alternative. 

Alternative System Plan 1Q--Channel Enclosure: 
The channel enclosure alternative would provide 
for the enclosure of a 0 .8-mile reach of the Edger
ton Channel between the upstream end of the 
existing airport channel modifications and S. 
Whitnall Avenue. The channel enclosure would 
consist of a single 10-foot-wide by 6-foot-high 
reinforced concrete box culvert between S. Whit
nail Avenue and a point approximately 1,600 feet 

9 No cost was assigned for S. Pennsylvania Avenue 
bridge replacement since this structure is scheduled 
for replacement under the Commission's adopted 
regional transportation plan. 
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ALTERNATIVE PLAN 9: BRIDGE AND 
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downstream of S. Nicholson Avenue. At that 
point, a transition would be made to a double 
concrete box culvert, each box being 10 feet wide 
by 6 feet high, which would extend downstream to 
join the existing improved channel through Mil
waukee General Mitchell International Airport. 
This alternative is shown on Map 51. Implementa
tion of this alternative would essentially eliminate 
all damages from floods up to and including the 
100-year recurrence interval event. 

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 enclosure 
alternative is estimated at $286,000. This cost 
consists of the amortization of the $4,466,000 
capital cost of the channel enclosure, and $2,500 
in annual operation and maintenance costs. The 
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ALTERNATIVE PLAN 10: CHANNEL 
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average annual flood abatement benefit is esti
mated at $142,100, yielding a benefit-cost ratio 
of 0.50. 

Alternative System Plan ll-Major Channelization 
with Turf Lining and Channel Enclosure: A second 
flood control alternative combining major channel
ization and channel enclosure was analyzed for 
Edgerton Channel. This alternative is shown on 
Map 52 and consists of major channel modifi
cations along 0.5 mile of the stream-o.4 mile 
between the upstream limit of the existing airport 
channelization and River Mile 5.66, and 0.1 mile 
between S. Nicholson Avenue and S. Whitnall 
Avenue. The proposed channel would be turf lined 
and would have a bottom width of 10 feet and side 
slopes of one on three. The existing channel invert 
would be lowered from 2.1 to 4.5 feet. Between 
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the Cudahy city limits at River Mile 5,31 and River 
Mile 5,66, the channel would be realigned to 
accommodate local land use proposals and existing 
dramage easements, Also under this alternative, 0.3 
mile of channel between River Mile 5.66 and S. 
Nicholson Avenue would be enclosed in a rein
forced concrete box culvert, This box culvert 
would be 10 feet wide by 6 feet high , In addition 
this alternative calls for the replacement of th~ 
Chicago & North Western Railway bridge at River 
Mile 5.34 and the railroad utility road bridge at 
River Mile 5,36, as well as the construction of a 
new bridge at the Pennsylvania Avenue crossing at 
River Mile 5.54. 

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 esti-

mated at $138,500. This cost consists of the 
amortization of the $2,154,000 capital cost
$148,000 for channelization, $1,058,000 for 
channel enclosure, and $934,000 for bridge replace
ment 1 °-and $1,900 for annual operation and 
maintenance costs. The average annual flood 
abatement benefit is estimated at $142,100, 
resulting in a benefit-cost ratio of 1.02. 

Evaluation of Flood Control Alternatives for 
Edgerton Channel in the City of Cudahy 
The principal features of, and the costs and bene
fits associated with, each of the floodland manage
ment alternatives considered for the Edgerton 
Channel are summarized in Table 28. Excluding 
the "no action" alternative, all of the alternatives 
were found to be technically feasible with the 
exception of Alternative Plan 9-bridge and culvert 
modification, replacement, and removal. Of the 
remaining nine alternatives, four were found to 
have benefit-cost ratios of one or more, and one 
additional alternative-Alternative Plan 10, provid
ing for channel enclosure-was found to have suf
ficient intangible benefits to be maintained as a 
viable alternative. 

Alternative Plan 3-structure floodproofing and 
elevation-presents several problems in implementa
tion. First, complete implementation of a volun
tary structure floodproofing and elevation program 
is unlikely and, with partial implementation, the 
City of Cudahy would be left with a significant 
residual problem whenever a major flood event 
occurred. Second, even if a voluntary structure 
floodproofing program were completely carried 
out, the City of Cudahy would still be subjected to 
extensive overland flooding that would hamper 
rou tine access to and from some riverine area 
structures, continue to close local streets to auto
mobile traffic, and interfere with the rapid move
ment of emergency vehicles. Furthennore, yard 
and street damages and cleanup costs remain with 
the structure floodproofing and elevation alterna· 
tive. Finally, some floodproofing is very likely to 
be applied without adequate professional advice. 
As a result, structure damage is likely to occur, and 
once again city officials are likely to be asked to 
assist in resolution of the problem. Therefore, this 
alternative was eliminated from further considera
tion. It should be noted that in some instances a 
structure flood proofing and elevation alternative 
may be a viable solution to a flooding problem. 

1 ° Ibid. 
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Such would be the case where structure damages 
are relatively low and are widely scattered along a 
stream. Structural measures, such as channel 
modifications or detention storage, may not 
present an economical solution in those instances, 
since long reaches of the channel would have to be 
modified by structural improvements to resolve 
widely scattered problems. 

Although Alternative Plan 7-detention storage
exhibits a benefit-cost ratio of greater than one, 
this alternative would abate only about 80 percent 
of the flood problem in the City of Cudahy as 
measured by reduction in average annual flood 
damages, resulting in only a partial resolution to 
the flood problem. Therefore, this alternative was 
dropped from further consideration. 

The remaining three alternatives are similar in that 
they all provide for enclosure of the channel 
through the existing residential development 
between River Mile 5.66 and S. Nicholson Avenue. 
In addition to the flooding of homes, this reach has 
been the subject of several nonflood-related prob
lems, including the deposition of trash in the chan
nel, as well as health and safety problems relating 
to children playing in the channel. The open 
channel safety problems in this reach are the result 
of the narrow right-of-way between the buildings, 
necessitating the construction of near-vertical side 
slopes along the channel. These problems were 
brought up by City of Cudahy officials at inter
agency staff meetings and at the October 12, 1978, 
public hearing conducted as part of the Kinnic
kinnic River watershed study. 

In terms of implementability, it appears that 
Alternative Plan 8, providing for detention storage, 
channel enclosure, and channel realignment, would 
be objected to by city officials as indicated at the 
October 12,1978, public hearing mentioned above. 
In addition to the concerns expressed above, 
officials objected to the use for floodwater storage 
of lands proposed for industrial development in 
local plans and zoning. Of the two remaining 
alternatives, Alternative Plan 10, calling for com
plete channel enclosure, would be consistent with 
City of Cudahy plans to enclose Edgerton Channel 
within the City. This alternative has a very low 
benefit-cost ratio, however. 

After consideration of the various technical and 
economic features of the alternative floodland 
management measures, it was recommended that 
Alternative Plan 11, providing for a combination of 
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major channelization with turf lining and channel 
enclosure, be adopted to resolve flooding problems 
along Edgerton Channel in the City of Cudahy. 

Alternative Floodwater Diversion Alternatives for 
Wilson Park Creek and the Kinnickinnic River 
As previously noted, the City of Milwaukee Com
mon Council had requested that, as part of this 
system plan, the possibility of diverting flood
waters from all or part of Wilson Park Creek in 
order to reduce flood discharges on the Kinnic
kinnic River be investigated. As a result of such an 
investigation, two such diversion alternatives were 
developed: 1) diversion of runoff from that por
tion of the Wilson Park Creek subwatershed which 
drains to the confluence of Wilson Park Creek and 
Holmes Avenue Creek; and 2) diversion of all flow 
from Wilson Park Creek. These two alternatives are 
described below. 

Alternative System Plan I-Diversion of Flow from 
Wilson Park Creek at Confluence with Holmes 
Avenue Creek: This alternative is the same as 
Alternative System 5 for Wilson Park Creek in the 
City of Milwaukee and is shown on Map 40. Under 
this alternative, the flow in Wilson Park Creek at 
the confluence with Holmes Avenue Creek for 
floods up to and including the 100-year recurrence 
interval event would be diverted to Lake Michigan 
at Sheridan Park by a tunnel to be constructed 
along Layton Avenue. Flow in excess of the 100-
year recurrence interval event would still be carried 
along Wilson Park Creek. This tunnel would be 
about 18,350 feet in length and would have a 
diameter of about 13 feet, assuming a total avail
able drop of 62 feet between the point of diversion 
and Lake Michigan. The impact of this diversion 
tunnel on flood discharges along the Kinnickinnic 
River for both the 100-year recurrence interval 
flood and the August 6, 1986, flood event-the 
flood of record with an estimated recurrence 
interval in excess of 500 years-is shown in Table 
29. As shown in this table, the diversion alternative 
would serve to reduce the 100-year recurrence 
interval flood discharge on the Kinnickinnic River 
by 14 to 18 percent. The August 6, 1986, flood 
event discharge would be reduced by 11 to 16 
percent. 

Utilizing an annual interest rate of 6 percent and 
an amortization period and project life of 50 years, 
the average annual cost of this diversion alternative 
is estimated at $3,081,000. This cost consists of 
the amortization of the $48,307,000 capital cost 
of the diversion tunnel, and $18,000 in annual 



Table 29 

IMPACT OF FLOODWATER DIVERSION ALTERNATIVES ON FLOOD DISCHARGES ALONG THE KINNICKINNIC RIVER 

1 DO-Year Recurrence Intervala August 6, 1986 F loodb 

Diversion Diversion Diversion Diversion 
Existing Alternative 1 Alternative 2 Existing Alternative 1 Alternative 2 

Condition 
Discharge Discharge Discharge 

River (cubic feet (cubic feet Percent of (cubic feet 
Location Mile per second) per second) Reduction per second) 

Mouth ......... 0.00 7,400 6,320 14 4,790 

S. 1 st Street ...... 1.43 7,000 5,900 16 4,330 

Abandoned North 
Shore & Mil-
waukee Road ..... 2.72 6,000 5,060 16 3,490 

S. 16th Street ..... 3.58 5,700 4,700 18 3,110 

a Discharges are based upon year 2000 land use and existing channel conditions. 

bDischarges listed were simulated using hvdrologic model for Kinnickinnic River watershed. 

Source: SEWRPC. 

operation and maintenance costs. The average 
annual flood damage abatement benefit was 
estimated at $89,000, yielding a benefit-cost ratio 
of 0.03. It should be noted that unlike the aver
age annual benefit of the previously described 
flood control alternative, the average annual 
benefit of this alternative, and therefore the 
benefit-cost ratio, includes benefits derived from 
reducing damages for floods having recurrence 
intervals of greater than 100 years. 

Alternative System Plan 2-Diversion of Flow from 
Wilson Park Creek: Under this flood control 
alternative, all flow from Wilson Park Creek for 
floods up to and including the 100-year recurrence 
interval event would be diverted to Lake Michigan 
at South Shore Park by a tunnel to be constructed 
along Oklahoma Avenue. Flows in excess of the 
100-year recurrence interval event would con
tinue to discharge to the Kinnickinnic River. The 
proposed tunnel would be about 21,700 feet in 
length and would have a diameter of about 18 feet, 
assuming a total available drop of 39 feet between 
the point of diversion and Lake Michigan. This 
alternative is illustrated on Map 53. The impact of 
this diversion tunnel onJlood discharges along the 
Kinnickinnic River for both the 100-year recur
rence interval flood and the August 6, 1986, flood 
event is shown in Table 29. As shown in this table, 
this alternative would reduce the 100-year recur-

Condition 
Discharge Discharge Discharge 

Percent of (cubic feet (cubic feet Percent of (cubic feet Percent of 
Reduction per second) per second) Reduction per second) Reduction 

35 12,160 10,680 12 7,740 36 

38 12,860 11,390 11 8,360 35 

42 11,030 9,390 15 5,790 48 

45 9,990 8,360 16 4,760 52 

rence interval flood discharge on the Kinnickinnic 
River by 35 to 45 percent. The August 6, 1986, 
flood event discharge would be reduced by 35 to 
52 percent. It should be noted, however, that 
implementation of this diversion alternative would 
not serve to reduce or eliminate flood problems 
along Wilson Park Creek. Additional flood control 
measures would be required to alleviate those 
problems. 

An alternative diversion tunnel that could be con
sidered in any more detailed feasibility studies 
would route the diversion north at about Howell 
Avenue to the upper reaches of the inner harbor at 
about Chase Avenue. 

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 diversion is 
estimated at $4,669,000. This includes the amor
tization of the $73,305,000 capital cost of the 
diversion tunnel, and $21,000 in annual operation 
and maintenance costs. The average annual flood 
damage abatement benefit was estimated at 
$50,000, yielding a benefit-cost ratio of 0.01. As 
with the first diversion alternative, the average 
annual benefit is based on a reduction of damages 
from floods having a recurrence interval of greater 
than 100 years. 
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Evaluation of Floodwater Diversion Alternatives 
for Wilson Park Creek and the Kinnickinnic River 
Both of the floodwater diversion alternatives 
considered would serve to reduce flood discharges 
along the Kinnickinnic River. Alternative Plan 2-
diversion of flow from Wilson Park Creek-would 
have the greater impact on flood discharges along 
the Kinnickinnic River. This alternative would not, 
however, reduce flood discharges or flood-related 
damages along Wilson Park Creek . Additional flood 
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control measures for Wilson Park Creek would 
therefore be required. Alternative Plan l-uiversion 
of flow from Wilson Park Creek at the confluence 
with Holmes Avenue Creek-would have a lesser 
impact on flood discharges along the Kinnickinnic 
River. This alternative would, however, reduce 
flood discharges along Wilson Park Creek and 
would alleviate flood damage along Wilson Park 
Creek in the City of Milwaukee for floods up to, 
and including, the IOO-year recurrence interval 



event. Also, the capital cost of this alternative 
would be significantly lower than the capital cost 
of Alternative Plan 2. 

Because of the high costs associated with the 
floodwater diversion alternatives, it is unlikely that 
either alternative could be implemented utilizing 
funds from either the Milwaukee Metropolitan 
Sewerage District or the City of Milwaukee. If 
there is sufficient local interest in a floodwater 
diversion system, state or federal funds for the 
project should be sought. If such funds do become 
available, it is recommended that Alternative Plan 
1, providing for diversion of flow from Wilson Park 
Creek at the confluence with Holmes Avenue 
Creek, be implemented, since this alternative offers 
flood discharge reductions along more of the 
stream system in the watershed. Since Alterna
tive Plan 2 would serve to divert floodwaters from 
the Kinnickinnic River directly to Lake Michigan 
within the South Shore breakwater, any further 
consideration of that alternative should include an 
evaluation of the impacts on water quality condi
tions within both the inner and outer harbors. 

Recommended Flood Control System 
for Wilson Park Creek-Edgerton Channel 
Based upon consideration of the technical feasi
bility, economic viability, environmental impacts, 
potential public acceptance, and practicality of 
each of the alternatives considered, it was recom
mended that a revised Alternative Plan 3 calling for 
major channelization with turf lining be adopted 
for Wilson Park Creek in the City of Milwaukee; 
and that Alternative Plan ll-major channelization 
with turf lining and channel enclosure-be adopted 
for Edgerton Channel in the City of Cudahy. 
Refinements have been made to the previously 
recommended plan for Wilson Park Creek in the 
City of Milwaukee based upon a final detailed 
design which followed the system planning. These 
refinements are included in the recommended plan 
which is described below. 

The total capital cost of the recommended com
bined flood control plan for Wilson Park Creek
Edgerton Channel is estimated at $2,674,000 in 
1986 dollars. Annual operation and maintenance 
costs are estimated at $4,500. The recommended 
plan is shown on Map 54. The peak flood profile 
that would be attendant to planned future land use 
and channel conditions in the subwatershed is 
shown in Figure 26. Flood discharges that may be 
expected along Wilson Park Creek as a result of the 

recommended channel modification and enclosure 
are shown in Table 30. The recommended plan is 
not expected to have a significant impact on flood 
flows and stages along the Kinnickinnic River. The 
stages would not be altered by more than 0.5 foot 
and the stages would be contained within the 
improved channel of the Kinnickinnic River, since 
that section of the river was designed assuming the 
implementation of improvements similar to those 
being recommended for Wilson Park Creek. 

Implementation of the recommended plan would 
essentially eliminate all flood-related damages to 
existing structures along the entire Wilson Park 
Creek channel for floods up to, and including, the 
100-year recurrence interval event under planned 
land use conditions. The plan is more fully des
cribed below. 

The recommended flood control plan for Wilson 
Park Creek in the City of Milwaukee is shown on 
Map 54, and consists of completing major channel 
modifications along the 1.3-mile reach between S. 
6th Street and S. 20th Street. Between S. 13th 
Street and S. 20th Street, the channel would be 
lowered up to 5.4 feet, with the resulting channel 
having a bottom width of 20 feet and side slopes of 
one foot vertical on 2.5 feet horizontal. Within this 
reach, the channel would be lined with rip-rap up 
to an elevation that is two feet above the channel 
invert, with the remainder to be lined with turf. 
Between S. 13th Street and the Soo Line Railroad 
crossing at River Mile 2.57, the channel would be 
lowered up to five feet, with the resulting channel 
having a bottom width of 14 feet and side slopes of 
one foot vertical on two feet horizontal. Within 
this reach, the channel would be lined with con
crete up to an elevation that is seven feet above the 
channel invert, with the remainder to be turf lined. 
Between River Mile 2.57 and S. 6th Street, the 
channel would be lowered up to 4.8 feet, with the 
resulting channel having a bottom width of 20 feet 
and side slopes varying from one foot vertical on 
three feet horizontal to one foot vertical on four 
feet horizontal. Within this reach, the channel 
would again be lined with rip-rap up to an eleva
tion that is two feet above the channel invert, 
with the remainder being turf lined. In addition to 
the concrete lining noted above, a concrete channel 
lining would also be utilized at all bridge transi
tions, at the confluence with Villa Mann Creek, 
and at two storm sewer outfalls. No bridge recon
struction would be required, as all bridges within 
this lo3-mile reach have been constructed to 
accommodate the proposed channel invert. 
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Figure 26 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR WILSON PARK CREEK 
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Figure 26 (continued) 
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Table 30 

IMPACT OF RECOMMENDED FLOOD CONTROL PLAN FOR WILSON PARK CREEK
EDGERTON CHANNEL ON 100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGE 

River 
Location Mile 

Mouth of Wilson Park Creek .... 0.00 

W. Morgan Avenue Tunnel ..... 0.68 

Upstream of Confluence 
with Villa Mann Creek ....... 1.88 

Layton Avenue Tunnel Outlet ... 3.51 

Airport Tunnel Outlet ........ 3.85 

Source: SEWRPC. 

The recommended flood control plan for Edgerton 
Channel in the City of Cudahy is shown on Map 54, 
and consists of widening and deepening about 0.5 
mile of the channel-OA mile between the upstream 
limit of the existing airport channelization and 
River Mile 5.66, and 0.1 mile between S. Nicholson 
Avenue and S. Whitnall Avenue. The existing 
streambed would be lowered 2.1 to 4.5 feet, with 
the resulting channel having a bottom width of 10 
feet and side slopes of one on three. In addition, 
0.3 mile of the channel between River Mile 5.66 
and S. Nicholson Avenue is to be enclosed in a 
concrete box culvert approximately 10 feet wide 
and 6 feet high. 

Since the recommended flood control plan for 
Edgerton Channel is different from that which was 
recommended under the Kinnickinnic River water
shed plan, this portion of the system plan would 
constitute an amendment to the comprehensive 
watershed plan. 

It is recommended that when the bridge at S. Whit
nall Avenue is replaced for transportation purposes, 
it be designed so as to accommodate the 50-year 
recurrence interval flood flow without overtopping 
the attendant roadway. 
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100-Year Recurrence Interval 
Flood Discharges-Year 2000 

Planned Land Use 

Existing Channel Recommended Percent 
Condition Plan Condition Increase 

3,070 3,090 1 

2,600 2,840 9 

1,880 2,340 24 

710 830 17 

620 620 0 

Finally, it is recommended that large-scale topo
graphic maps be prepared for Wilson Park Creek, 
including the Edgerton Channel. As noted previ
ously in this chapter, orthophotographs are avail
able for Wilson Park Creek downstream of W. 
Layton Avenue. Those maps do not, however, 
reflect recent channel modifications completed by 
the Milwaukee Metropolitan Sewerage District 
downstream of S. 20th Street. Also, those maps 
often do not provide topographic information for 
those areas beyond the immediate vicinity of the 
channel. Such information is useful in determining 
low-lying areas where storm sewer surcharging or 
local stormwater ponding could cause structure 
flooding. Large-scale topographic· mapping for the 
Edgerton Channel was prepared in 1958 and does 
not represent more recent development near the 
channel. Since the new maps would serve multiple 
purposes, no cost has been assigned to the flood 
control plan. 

Flood Control and Related Drainage 
System Plan Implementation 
It is recommended that the structural measures 
developed for the abatement of flood problems 
along Wilson Park Creek be implemented expediti
ously through the cooperative efforts of the City 



of Cudahy, Milwaukee County, and the Milwaukee 
Metropolitan Sewerage District. More specifically, 
it is recommended that the District design, con
struct, and maintain the major channel modifica
tions re~ommended along Wilson Park Creek in the 
City of Milwaukee between S. 6th Street and S. 
20th Street, a distance of 1.3 miles, and along 
Edgerton Channel in the City of Cudahy, a distance 
of 0.5 mile. It is further recommended that the 
District design, construct, and maintain the box 
culvert intended to enclose Edgerton Channel in 
the City of Cudahy between River Mile 5.66 and S. 
Nicholson Avenue, a distance of 0.3 mile. Finally, 
it is recommended that the District prepare large
scale topographic maps for those areas along 
Wilson Park Creek and the Edgerton Channel. 

It is further recommended that the City of Cudahy 
reconstruct the roadway over Edgerton Channel at 
S. Nicholson Avenue and construct a replacement 
bridge at S. Pennsylvania Avenue upon completion 
of the recommended channel modification and 
enclosure by the District. It is also recommended 
that the City assist the District in acquiring the 
necessary construction easements and rights-of-way. 

It is further recommended that, upon the comple
tion of the recommended channel modification by 
the District, the District work with the Chicago & 
North Western Transportation Company in the 
reconstruction of the railway crossing at River Mile 
5.34 and of the utility road at River Mile 5.36. 

Finally, it is recommended that Milwaukee County 
cooperate fully in the major channelization through 
the provision of attendant construction easements 
and rights-of-way. It is also recommended that the 
County modify, as necessary, the pedestrian bridge 
located in Wilson Park in order to accommodate 
the proposed channel. 

The capital costs associated with the various com
ponents of the recommended plan are summarized 
by agency in Table 31. 

S. 43RD STREET DITCH SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

South 43rd Street Ditch was not studied under 
previous Commission planning programs. Analyses 
of the hydrologic and hydraulic characteristics of 
the Ditch and the subwatersheds tributary to the 
Ditch were accordingly conducted under this 
system planning effort. 

Table 31 

SUMMARY OF RECOMMENDED 
PLAN CAPITAL COSTS 

Estimated 

Implementing Agency Improvements Capita I Cost 

Milwaukee Metropolitan 
Sewerage District Channel Improvements $ 652,000 

Channel Enclosure 1,058,000 
Bridge Removal and 
Replacementa,b 930,000 

Subtotal $ 2,640,000 

Milwaukee County Bridge Modification $ 30,000 

Subtotal $ 30,000 

City of Cudahy Bridge Replacementb $ 4,000 

Subtotal $ 4,000 

Total $ 2,674,000 

Beast for bridge replacement may be allocated to Chicago & North Western Trans
portation Company. 

bNo cost has been assigned for the removal and replacement of the S. Pennsylvania 
Avenue bridge since this structure is scheduled for replacement under the Commis
sion's adopted regional transportation plan. 

Source: SEWRPC. 

Overview of the Study Area 
South 43rd Street Ditch is a tributary of the 
Kinnickinnic River. The S. 43rd Street Ditch 
subwatershed is primarily located within the City 
of West Allis; however, the ditch is located in the 
Village of West Milwaukee and the City of Milwau
kee. Of the total1.10-mile perennial stream length, 
0.76 mile is located in the Village of West Milwau
kee and the remaining 0.34 mile is located in the 
City of Milwaukee. South 43rd Street Ditch drains 
an area of about 1.69 square miles (see Map 55). 
Of this total drainage area, 1.16 square miles, or 
about 69 percent, lie within the City of West Allis; 
0.43 square mile, or about 25 percent, lies within 
the Village of West Milwaukee; and 0.10 square 
mile, or about 6 percent, lies within the City of 
Milwaukee. 

From its origin near the intersection of S. 50th 
Street extended and W. Rogers Street extended, 
S. 43rd Street Ditch flows 0.15 mile in an easterly 
direction to the W. Electric Avenue bridge. From 
that bridge, the ditch flows 0.29 mile in a generally 
easterly direction to S. 43rd Street. At that point, 
the ditch will enter a double concrete box culvert 
with two 6-foot by 16-foot cells. The double box 
culvert is currently under construction as part of 
the S. 43rd Street Arterial Project. The culvert will 
run 0.32 mile in a southerly direction to a point 
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just north of W. Lincoln Avenue, where it will 
transition to an existing double 7-foot by 10.5-foot 
concrete box. That structure runs about 200 feet 
in a southerly direction underneath W. Lincoln 
Avenue before turning 90 degrees and running in 
an easterly direction for about 155 feet. At that 
point, the box culvert transitions to a double 
8.4-foot by ll-foot structural plate pipe arch 
culvert which runs a total of 360 feet easterly and 
then southerly. From the pipe arch outlet, the 
ditch flows 0.1 mile in a southerly direction 
to a double 7.6-foot by 1l .5-foot structural plate 
pipe arch culvert, which runs 0.10 mile in a south
erly direction under tracks of the Chicago & North 
Western Railway to the Kinnickinnic River. As 
already noted, the entire 1.10-mile stream length is 
recommended for District jurisdiction in the policy 
plan companion to this system plan . 

At present, the S. 43rd Street Ditch subwatershed 
is almost completed developed for urban use, 
including residential, commercial, industrial, insti
tutional, and urban open space uses. The open 
space uses are comprised mainly of public parks 
and open land associated with industrial areas. The 
developed areas of the S. 43rd Street Ditch sub
watershed are generally provided with a full range 
of municipal street improvements, including paved 
streets with curbs and gutters and attendant storm 
sewers. Accordingly, surface runoff is generally 
conveyed rapidly from each individual site to the 
ditch through storm sewers. 

Specific data on pertinent characteristics of the 
watershed, such as hydrologic soil types, land 
slopes, and land use, appear in Chapter II of this 
report. This system plan assumes that the sub
watershed has reached ultimate development 
conditions and that the land use will undergo little 
change by the design year of the system plan. 

Flooding and Related Drainage Problems 
Prior to construction of the double 6-foot by 
16-foot box culvert along S. 43rd Street, localized 
flooding occurred almost annually along the north
south reach of the ditch north of W. Lincoln 
Avenue . There is no history of flooding problems 
along the east-west reach of the ditch. During the 
flood of March 30, 1960, storm water inundation 
occurred on the Village of West Milwaukee-City of 
Milwaukee boundary along W. Lincoln Avenue 
between S. 37th Street and S. 43rd Street. Street 
flooding was reported and several buildings incurred 
damage as the result of basement flooding. The 
flood of August 3, 1960, caused inundation in the 
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same area and electrical equipment was damaged 
at the Froedtert Malt Corporation in the Village 
of West Milwaukee. No flooding problems were 
reported along W. Lincoln Avenue between S. 37th 
Street and S. 43rd Street during major floods after 
1960, including the unusually large event of 
August 6, 1986. Modifications to the Kinnickinnic 
River channel and to S. 43rd Street Ditch south of 
W. Lincoln Avenue following the floods of 1960 
apparently reduced flood levels sufficiently to 
prevent flooding or storm water drainage problems 
along W. Lincoln Avenue during subsequent floods. 

As noted above, significant reaches of the ditch 
have been, or are being, enclosed in culverts. Over a 
period of many years, the entire channel was modi
fied. The east-west reach of the ditch has relatively 
steep, irregular banks which are heavily overgrown 
with trees and brush. The open channel reach 
south of W. Lincoln Avenue has uniformly sloping, 
well-maintained grass sides with a concrete cunette 
along the channel bottom. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the hydro
logic model used in developing design discharges 
for S. 43rd Street Ditch simulates streamflow on a 



Table 32 

FLOOD DISCHARGE FOR S. 43RD STREET DITCH FOR YEAR 2000 
LAND USE AND EXISTING CHANNEL AND STORM SEWER CONDITIONS 

Location 

Mouth at Kinnickinnic River (Chicago & 
North Western Railway Tunnel Outlet) ... 

Chicago & North Western 
Railway Tunnel Inlet ............... 

Immediately Upstream of Chicago & 
North Western Railway Tunnel Inlet ..... 

W. Lincoln Avenue Tunnel Outlet ........ 

S. 43rd Street Tunnel Inlet ............ 

Upstream of S. 43rd Street Tunnel Inlet ... 

Downstream of W. Electric Avenue Bridge .. 

W. Electric Avenue Bridge ............. 

Upstream End of Ditch at 
S. 50th Street Extended ............. 

Source: SEWRPC. 

continuous basis using recorded climatological data 
as input. Flood discharges are developed by con
ducting discharge-frequency analyses of simulated 
annual peak discharges generated by the hydrologic 
model according to the log Pearson Type III 
method of analysis, as recommended by the U. S. 
Water Resources Council and as specified by the 
Wisconsin Department of Natural Resources. These 
analyses were conducted at five locations along S. 
43rd Street Ditch_ The flood discharges that were 
developed were then checked by incorporating the 
discharges into a hydraulic model to develop stages 
and comparing those stages to available historical 
high-water observations. Such observations were 
available at the W. Electric Avenue bridge from 
employees of adjacent businesses. 

The estimated peak flood discharges under year 
2000 planned land use and existing (1987) channel 
conditions are set forth in Table 32. Flood stage 

Peak Flood Discharge 
(cubic feet per second) 

River Mile 10-Year 50-Year 100-Year 

0.00 520 630 670 

0.10 520 630 670 

0.11 490 600 640 

0.20 490 600 640 

0.66 440 510 540 

0.71 400 470 490 

0.93 330 380 400 

0.95 330 380 400 

1.10 320 370 380 

profiles were determined for the 10-, 50-, and 
100-year recurrence interval runoff events under 
planned land use and existing channel conditions. 
These profiles, which encompass the full 1. 1 O-mile
long reach of the S. 43rd Street Ditch studied, 
constitute a graphic representation of the flood 
stages along the ditch under the specified recur
rence interval flood discharges. In addition to 
providing an overall representation of flood stages 
relative to familiar points of reference such as the 
channel bottom and bridge deck surfaces, the 
profiles, because of their continuity, permit the 
determination of flood stages at any point along 
the stream channel. The flood profiles are shown in 
Figure 27. 

Flood profiles were determined using surveyed 
cross-sections, surveyed bridge data, and Wisconsin 
Department of Transportation (WisDOT) construc
tion drawings for the S. 43rd Street arterial box 
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culvert. There are no current large-scale topo
graphic maps available for the S. 43rd Street Ditch 
area north of W. Lincoln Avenue; therefore, the 
extent of flooding during the 100-year recurrence 
interval flood was delineated on Map 56 using 
field-surveyed data on ground and building eleva
tions, supplemented by Wisconsin Department of 
Transportation construction drawings for the S. 
43rd Street arterial box culvert. Because of the 
lack of large-scale topographic mapping, the 
delineation of inundated areas on Map 56 is only 
an approximation. 

The data presented above indicate that under year 
2000 land use and existing and committed channel 
conditions, the 100-year recurrence interval flood 
in S. 43rd Street Ditch would not cause any flood
ing of structures, collector streets, arterial streets, 
or main railways. During the 100-year recurrence 
interval flood, there could be shallow flooding of 
the open area located south of the ditch, west of 
S. 43rd Street, north of the railway spur for the 
General Electric Company plant buildings, and east 
of the General Electric Company warehouse 
located immediately adjacent to the ditch, as 
shown on Map 56. The warehouse entrance eleva
tion-652.8 feet National Geodetic Vertical Datum 
(NGVD)-should, however, be well above the 
100-year recurrence interval flood level of 649.8 
feet NGVD. There could also be shallow flooding 
of the open area to the west of the General Electric 
Company warehouse and between the warehouse 
and the General Electric Company factory, but no 
buildings should be flooded. The 100-year recur
rence interval flood would be completely contained 
within the double box culvert that is being con
structed as part of the S. 43rd Street arterial 
project. The flooding that occurred along S. 43rd 
Street in the past should be abated by the double 
box culvert. 

Recommended Flood Control 
System for S. 43rd Street Ditch 
Because no flooding of structures, collector streets, 
arterial streets, or main railways would be expected 
from a 100-year recurrence interval flood under 
planned land use conditions, it was not necessary 
to consider further flood control and drainage 
alternatives for S. 43rd Street Ditch. No flood con
trol or drainage system measures are recommended 
other than completion of the 43rd Street arterial 
double box culvert. 

The City of West Allis has sized a larger trunk 
storm sewer to replace one of the existing trunk 
sewers in the S. 43rd Street subwatershed. The 
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trunk sewer drains the subbasin located south of 
W. Burnham Street and west of the ditch. The 
storm water drainage problems in that subbasin are 
not severe enough to merit construction of the new 
trunk sewer at the present time, but, as portions of 
the existing sewer system require replacement, it is 
likely that all, or part, of the trunk sewer will be 
constructed. The new trunk sewer was designed to 
handle the peak runoff from a five-year recurrence 
interval rainfall event, accounting for development 
that has occurred since construction of the existing 
storm sewer. The larger trunk sewer pipes would 
have a greater hydraulic capacity than the existing 
pipes; therefore, construction of the larger sewer 
would increase the 10-, 50-, and 100-year recur
rence interval flows in S. 43rd Street Ditch down
stream of the storm sewer outfall. The increase in 
the various recurrence interval flows can be deter
mined by comparing Tables 32 and 33. 

The greater 100-year recurrence interval flood 
flows following completion of the new trunk sewer 
as presently sized by the City would increase flood 
levels in S. 43rd Street Ditch by about one to three 
feet. Although the lack of large-scale topographic 
mapping precludes the precise assessment of dam
ages along the ditch under these flood conditions, 
the survey data collected during the preparation of 
this system plan along with the Wisconsin Depart
ment of Transportation plans for the S. 43rd Street 
arterial indicate that structure flooding and flood
ing of collector and arterial streets could occur. 
There could be some flooding of S. 43rd Street and 
W. Lincoln Avenue as a result of flow leaving the 
channel upstream of the S. 43rd Street arterial box 
culvert. There could also be some flooding of 
buildings along S. 43rd Street and along the ditch 
west of the box culvert. The box culvert headwall 
would not be overtopped. 

Three alternative structural flood control measures 
for abating flood damages along S. 43rd Street 
Ditch resulting from the increased flows from the 
trunk sewer were considered. These include con
struction of dikes and floodwalls, construction of 
dikes in conjunction with debrushing of the chan
nel banks, and channel widening and deepening. 

Each of the three alternatives is technically feasible 
and should eliminate flooding of structures, 
collector streets, and arterial streets during the 
100-year recurrence interval flood. The dike con
struction and channel debrushing alternative is 
considered to be the most economically feasible 
based on an estimated capital cost of $135,000 and 
an annual maintenance cost of $8,500. That alter-
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Table 33 

FLOOD DISCHARGES FOR S. 43RD STREET DITCH FOR YEAR 2000 LAND USE, 
EXISTING CHANNEL CONDITIONS, AND NEW CITY OF WEST ALLIS TRUNK SEWER 

Location 

Mouth at Kinnickinnic River (Chicago & 
North Western Railway Tunnel Outlet) ... 

Chicago & North Western 
Railway Tunnel Inlet ............... 

Immediately Upstream of Chicago & 
North Western Railway Tunnel Inlet ..... 

W. Lincoln Avenue Tunnel Outlet ........ 

S. 43rd Street Tunnel Inlet ............ 

Upstream of S. 43rd Street Tunnel Inlet ... 

Downstream of W. Electric Avenue Bridge .. 

W. Electric Avenue Bridge ............. 

Upstream End of Ditch at 
S. 50th Street Extended ............. 

Source: SEWRPC. 

native includes construction of a 250-foot-Iong 
dike with an average height of about 2.5 feet across 
a swale between the Chicago & North Western 
Railway culvert inlet at River Mile 0.10 and the 
railroad tracks; construction of a 280-foot-Iong 
dike with an average height of 5.5 feet along the 
south bank just upstream of the S. 43rd Street 
arterial box culvert; construction of a 450-foot
long dike with an average height of 6.0 feet along 
the right bank between River Miles 0.79 and 0.87; 
construction of a 360-foot-Iong dike with an aver
age height of 4.5 feet along the south bank from 
River Mile 0.87 to the W. Electric Avenue bridge at 
River Mile 0.95; and annual clearing and debrush
ing of the main channel of the ditch from the S. 
43rd Street arterial box culvert inlet at River 
Mile 0.66 to the upstream end of the ditch at River 
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Peak Flood Discharge 
(cubic feet per second) 

River Mile 10-Year 50-Year 100-Year 

0.00 580 760 840 

0.10 580 760 840 

0.11 550 750 820 

0.20 550 750 820 

0.66 530 690 750 

0.71 510 660 720 

0.93 460 600 660 

0.95 460 600 660 

1.10 450 590 640 

Mile 1.10. Because of the lack of large-scale topo
graphic mapping, all dike lengths and heights are 
approximate. 

The implementation of this plan element is not 
required until such time as the upstream sewer 
system is enlarged. It is recommended that the dike 
construction and channel debrushing alternative be 
refined when the City of West Allis decides to 
construct the new trunk sewer. It is suggested that 
the final trunk sewer design be coordinated with 
the refinement of the flood control measures for S. 
43rd Street Ditch to enable selection of the most 
acceptable combination of storm sewer modifica
tion and flood control measures. It is also recom
mended that the Milwaukee Metropolitan Sewerage 
District prepare large-scale topographic mapping of 



the areas along S. 43rd Street Ditch following 
construction of the S. 43rd Street arterial and 
enclosure of the ditch along S. 43rd Street. Since 
these topographic maps would serve multiple 
purposes, no cost has been assigned to the flood 
con trol plan. 

VILLA MANN CREEK AND VILLA MANN 
CREEK TRIBUTARY SUBWATERSHEDS 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLANS 

Villa Mann Creek and Villa Mann Creek Tributary 
were not studied under previous Commission 
planning programs. Analyses of the hydrologic and 
hydraulic characteristics of the creek and tributary 
and their subwatersheds were conducted for this 
system plan. 

Overview of the Study Area 
Villa Mann Creek Tributary is a tributary of Villa 
Mann Creek. Villa Mann Creek is a tributary of 
Wilson Park Creek which is a tributary of the 
Kinnickinnic River. All of the 0.76-mile length of 
Villa Mann Creek is classified as perennial stream 
and is located in the City of Milwaukee. Of the 
0.88-mile length of Villa Mann Creek Tributary, 
0.65 mile is classified as perennial stream and the 
remaining 0.23 mile is classified as intermittent 
stream. Of the 0.65 mile of perennial stream, 0.27 
mile is located in the City of Milwaukee and 0.38 
mile is located in the City of Greenfield. All of the 
0 .23 mile of intermittent stream is located in the 
City of Greenfield. The perennial stream lengths of 
Villa Mann Creek and Villa Mann Creek Tributary 
are recommended for District jurisdiction in the 
policy plan companion to this system plan. 

Villa Mann Creek Tributary drains an area of about 
0.66 square mile (see Map 57). Of this total drain
age area, 0.62 square mile, or about 94 percent, 
lies within the City of Greenfield, and 0.04 square 
mile, or about 6 percent, lies within the City of 
Milwaukee. 

Excluding the area drained by Villa Mann Creek 
Tributary, Villa Mann Creek drains an area of 0.65 
square mile. Of this total drainage area, 0.50 square 
mile, or about 77 percent, lies within the City of 
Milwaukee, and 0.15 square mile, or about 23 per
cent, lies within the City of Greenfield . 

From its origin, Villa Mann Creek Tributary flows 
0.23 mile east and then north to W. Colony Drive, 
where it passes through two four-foot-diameter 
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concrete culverts. From those culverts the stream 
flows 0.15 mile in a generally easterly direction to 
IH 894, where it flows to the north through a 
5.5-foot by 8.0-foot box culvert. The stream then 
flows 0.23 mile in a generally northeasterly direc
tion to the S. 27th Street tunnel, which runs 0.27 
mile in a generally easterly direction to the conflu
ence with Villa Mann Creek. The tunnel consists of 
a 318-foot-long, 5-foot by 9.7-foot concrete box 
culvert followed by two l,033-foot-Iong concrete 
culverts, one 66 inches in diameter and one 60 
inches in diameter. 

From its origin just to the north of IH 894, Villa 
Mann Creek flows 0.13 mile in a northeasterly 
direction to the confluence with Villa Mann Creek 
Tributary. Beginning at the confluence, and extend
ing 0.63 mile downstream to the mouth of the 
creek, the stream channel has been widened, 
deepened, and partially lined with concrete . From 
the confluence, the creek runs 0.23 mile in a 
generally northeasterly direction to W. Bolivar 
Avenue, where it passes through a double 6-foot by 
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12-foot box culvert. Downstream from W. Bolivar 
Avenue, the creek flows 0.16 mile in a northerly 
direction to W. Plainfield Avenue, where it passes 
through another double 6-foot by 12-foot box 
culvert. From W. Plainfield Avenue, the creek 
flows 0.17 mile in a generally easterly direction to 
the S. 20th Street bridge. There are two drop 
structures located in that reach. Downstream from 
S. 20th Street, the creek flows 0.07 mile in a 
generally northeasterly direction to the confluence 
with Wilson Park Creek. 

Present land use in the Villa Mann Creek and Villa 
Mann Creek Tributary subwatersheds is predomi
nantly medium-density residential, with some areas 
in high-density residential, transportation, local 
commercial, governmental and institutional, and 
park uses. The developed areas of the two sub
watersheds are generally provided with a full range 
of municipal street improvements, including paved 
streets with curbs and gutters and attendant storm 
sewers. Accordingly, surface runoff is generally 
conveyed rapidly from each individual site to the 
streams through storm sewers. 

Specific data on pertinent characteristics of the 
watershed, such as hydrologic soil types, land 
slopes, and land use, appear in Chapter II of this 
report. This system plan assumes that the subwater
shed land use conditions will undergo little change 
by the design year of the system plan. 

Flooding and Related Drainage Problems 
The channel widening and deepening, partial 
concrete lining, and bridge and culvert replacement 
project undertaken along the lower 0.63-mile of 
Villa Mann Creek in the 1960's was presumably in 
response to some then-existing or anticipated flood 
problems. However, the Cities of Milwaukee and 
Greenfield have no record of flooding problems 
along Villa Mann Creek or Villa Mann Creek 
Tributary aside from an isolated complaint during 
the unusually large flood of August 6, 1986. A 
resident along the reach of Villa Mann Creek just 
upstream of the modified channel who was inter
viewed during preparation of this system plan 
reported no flooding problems or exceptionally 
high water levels at her home in her 29 years 
of residence. Based on the lack of reported or 
recorded flooding problems along either Villa Mann 
Creek or Villa Mann Creek Tributary, it appears 
that both of the existing stream channels have 
been adequate to pass the floods that have occurred 
at least since the 1960's. 
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Flood Discharges and Stages 
As noted in Chapter III of this report, the hydro
logic model used in developing design discharges 
for Villa Mann Creek and Villa Mann Creek Tribu
tary simulates streamflow on a continuous basis 
using recorded climatological data as input. Flood 
discharges are developed by conducting discharge
frequency analyses of simulated annual peak 
discharges generated by the hydrologic model 
according to the log Pearson Type III method of 
analysis, as recommended by the U. S. Water 
Resources Council and as specified by the Wiscon
sin Department of Natural Resources. These 
analyses were conducted at three locations along 
Villa Mann Creek and three locations along Villa 
Mann Creek Tributary. The estimated peak flood 
discharges under year 2000 planned land use and 
existing (1987) channel conditions for Villa Mann 
Creek and Villa Mann Creek Tributary are set forth 
in Tables 34 and 35, respectively. Flood stage pro
files were determined for the 10-, 50-, and 100-year 
recurrence interval runoff events under planned 
land use and existing channel conditions. These 
profiles, which encompass the full 0.76-mile-Iong 
reach of Villa Mann Creek and the 0.65-mile-Iong 
reach of Villa Mann Creek Tributary recommended 
for District jurisdiction, constitute a graphic 
representation of the flood stages along the creek 
and tributary under the specified recurrence 
interval flood discharges. In addition to providing 
an overall representation of flood stages relative to 
familiar points of reference such as the channel 
bottom and bridge deck surfaces, the profiles, 
because of their continuity, permit the determina
tion of flood stages at any point along the stream 
channel. The flood profiles are shown in Figures 28 
and 29. 

Flood profiles for Villa Mann Creek were deter
mined using surveyed cross-sections, surveyed 
bridge data, and City of Milwaukee as-built con
struction drawings for the 0.63 mile of improved 
channel. Flood profiles for Villa Mann Creek 
Tributary were determined using cross-sections 
from large-scale topographic maps and surveyed 
bridge data. 

The data described above indicated that under year 
2000 land use and existing channel conditions, the 
100-year recurrence interval floods in Villa Mann 
Creek and Villa Mann Creek Tributary would not 
cause any flooding of structures, collector streets, 
arterial streets, or freeways and expressways, as 
shown on Maps 58 and 59. For both Villa Mann 
Creek and Villa Mann Creek Tributary, the 100-



Table 34 

FLOOD DISCHARGES FOR VILLA MANN CREEK FOR YEAR 
2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge 
(cubic feet per second) 

Location River Mile 10-Year 50-Year 

Mouth at Wilson Park Creek ........... 0.00 360 530 

S. 20th Street Bridge ................ 0.07 360 530 

W. Plainfield Avenue ................ 0.24 360 530 

W. Bolivar Avenue .................. 0.40 360 530 

Immediately Upstream 
of W. Bolivar Avenue ............... 0.41 290 440 

Confluence with Villa 
Mann Creek Tributary .............. 0.63 290 440 

Immediately Upstream of Confluence 
with Villa Mann Creek Tributary ....... 0.64 120 170 

Source: SEWRPC. 

Table 35 

FLOOD DISCHARGES FOR VILLA MANN CREEK TRIBUTARY FOR 
YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge 

100-Year 

600 

600 

600 

600 

510 

510 

190 

(cubic feet per second) 

Location River Mile 10-Year 50-Year 100-Year 

Mouth at Villa Mann Creek ............ 0.00 180 270 320 

S. 27th Street Tunnel Inlet ............ 0.27 160 240 290 

IH 894 ......................... 0.50 160 240 290 

Immediately Upstream of IH 894 ........ 0.51 130 200 230 

W. Colony Drive ................... 0.65 130 200 230 

Source: SEWRPC. 
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year recurrence interval flood would be contained 
within the main stream channel with the exception 
of several reaches along Villa Mann Creek where 
undeveloped open areas could be flooded. The 
open areas along Villa Mann Creek that could be 
flooded during a 100-year recurrence interval flood 
include the area downstream of S. 20th Street 
within Wilson Park and the area along the O.l-mile 
reach upstream of the confluence with Villa Mann 
Creek Tributary. 

Recommended Flood Control System for 
Villa Mann Creek and Villa Mann Creek Tributary 
Because no flooding of structures, collector streets, 
arterial streets, or freeways and expressways would 
be expected to result from a 100-year recurrence 
interval flood under year 2000 land use conditions, 
it was not necessary to consider further flood 
control and drainage alternatives for Villa Mann 
Creek and Villa Mann Creek Tributary. Therefore, 
no flood control or drainage system measures are 
recommended. 
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Because of a lack of large-scale topographic map
ping for Villa Mann Creek, the floodplain bounda
ries shown on Maps 58 and 59 were delineated 
using surveyed cross-section data and construction 
drawings for the channel modifications completed 
by the City of Milwaukee. Therefore, this delinea
tion can be considered only an approximation. It is 
recommended that the Milwaukee Metropolitan 
Sewerage District prepare large-scale topographic 
maps for Villa Mann Creek, at which time a more 
precise delineation of the floodplain should be 
made. Large-scale topographic mapping for Villa 
Mann Creek Tributary upstream of S. 27th Street 
is currently available from the City of Greenfield. 
Such mapping is useful not only in delineating 
floodplains, but also in determining stormwater 
drainage patterns to the stream, as well as in 
identifying areas away from the channel where 
storm sewer backup may result in structure flood
ing. Since these topographic maps would serve 
multiple purposes, no cost has been assigned to the 
flood control plan. 



Chapter V 

EVALUATION OF ALTERNATIVES AND SELECTION OF 
RECOMMENDED FLOOD CONTROL PLAN-OAK CREEK WATERSHED 

INTRODUCTION 

Three streams in the Oak Creek watershed are 
recommended to be under the jurisdiction of the 
Milwaukee Metropolitan Sewerage District. 
These three streams, totaling 22.2 lineal miles in 
length, are Oak Creek, North Branch Oak Creek, 
and the Mitchell Field Drainage Ditch. All three 
of these streams have been studied under the 
Commission's Oak Creek watershed planning 
program. 1 The data on existing and probable 
future flood problems, alternative and recom
mended flood control measures and related costs, 
and recommended means for implementation 
presented herein were developed under this 
previous planning program. The costs of the 
recommended measures, however, have been 
updated to a 1986 base. 

OVERVIEW OF THE STUDY AREA 

About 64 percent of the area of the Oak Creek 
watershed lies within the City of Oak Creek. The 
remaining 36 percent of the watershed area lies 
within the Cities of Cudahy, Franklin, Green
field, Milwaukee, and South Milwaukee. The 
Oak Creek watershed, as shown on Map 60, is 
a 27.24-square-mile surface water 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 60. This 
interbasin diversion increased the area of the 
Oak Creek drainage basin by 2.9 percent. Oak 
Creek acts as an estuary of Lake Michigan from 
its mouth to the first Oak Creek Parkway bridge, 
a distance of about 0.3 mile. As shown on 
Map 60, 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 

1 See SEWRPC Planning Report No. 36, A 
Comprehensive Plan for the Oak Creek Water
shed, August 1986. 

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 5.2 
miles to 15th Avenue and the Oak Creek Park
way, and then finally flows southeasterly for 
about 3.0 miles to its confluence with Lake 
Michigan. 

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/General Mitchell Interna
tional Airport (Mitchell Field) 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. 

The third perennial stream in the Oak Creek 
watershed recommended to be under the jurisdic
tion of the Milwaukee Metropolitan Sewerage 
District is the Mitchell Field Drainage Ditch, 
which has a perennial length of about 2.4 miles 
and an intermittent length of about 0.9 mile. 
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. 

In 1980, about 15 square miles of the watershed 
area, or 53 percent of the total area of the 
watershed, was still in rural use, with agricul
ture and related open uses occupying about 12 
square miles, or about 45 percent of the total 
watershed area. In 1980, urban land uses occu
pied about 13 square miles, or about 47 percent 
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, approxi
mately 3.6 square miles, or 13 percent of the 
watershed, was converted from rural to urban 
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use, resulting in a rate of urbanization of about 
0.2 square mile per year. 

In order to meet the needs of the expected 
resident population and employment, the 
amount of land devoted to urban use within the 
watershed is projected to increase from the 1980 
total of about 13 square miles, or about 47 per
cent of the total area of the watershed, to about 
24 square miles by the year 2000, or about 87 per
cent of the total area of the watershed. 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. 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. Therefore, in this report it is assumed that 
the watershed will be fully urbanized in the 
year 2000. 

Flooding of the stream system of the Oak Creek 
watershed has been, and in the absence of 
corrective action may be expected to continue to 
be, a common and natural occurrence. In por
tions 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 snow
melt-rainfall events, or in response to spring, 
summer, and fall thunderstorms. 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 improve
ments. In some cases channel improvements 
have aggravated flooding problems downstream. 

FLOODING AND RELATED 
DRAINAGE PROBLEMS 

Research of the available historical records 
indicated 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 
disruption of normal social and economic activi
ties in the watershed, occurred on June 22, 1917; 
June 23, 1940; Mar~h 30, 1960; June 11, 1967; 
June 26, 1968; September 18, 1972; April 21, 1973; 

and September 13, 1978. Findings of the research 
into historical flood problems leads to the 
conclusion that flood problems in the urbanized 
portions of the Oak Creek watershed are rela
tively 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 Milwaukee. 
Major channel improvements made to Oak 
Creek between Rawson Avenue and Pennsylva
nia A venue have done much to alleviate flooding 
in this area. 

Because until recently the Oak Creek watershed 
has been primarily rural in nature, relatively few 
residences have been flooded in the past. How
ever, 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. 

The areas that most frequently experience 
flooding problems in the watershed are outlined 
on Map 61. The total average annual monetary 
flood damages within the Oak Creek watershed 
resulting from direct overland flooding are 
estimated at $21,400 under 1980 land use condi
tions, and $103,000 under planned, year 2000 
land use conditions. Additional homes and 
commercial properties may, however, experience 
indirect flood damages through sanitary sewer 
backup. In this respect it should again be noted 
that the flood control measures considered under 
this system plan are primarily intended to 
alleviate flood damages from direct overland 
flooding along the stream studied, as well as to 
provide an adequate outlet for local storm sewers 
and drainageways. These measures, however, 
may be expected to help to reduce flooding due 
to localized stormwater drainage problems or 
sanitary sewer backups. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges should accommodate without overtop
ping of the related roadway. Based on those 
criteria, eight bridges on Oak Creek, four bridges 
on the North Branch of Oak Creek, and one 
bridge on the Mitchell Field Drainage Ditch are 
considered hydraulically inadequate, as shown 
in Appendix C. These structures are located at 
E. Forest Hill Avenue, E. Puetz Road, S. Nichol
son Road, S. Shepard Avenue, W. Ryan Road, 
S. 13th Street, S. 20th Street, and W. Puetz Road 
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on Oak Creek; W. Puetz Road, Wildwood Drive, 
S. 6th Street, and W. Marquette Avenue on the 
North Branch of Oak Creek; and E. College 
Avenue on the Mitchell Field Drainage Ditch. 

FLOOD DISCHARGES AND STAGES 

A noted in Chapter III of this report, the 
hydrologic model used for development of design 
flood discharges for the Oak Creek watershed 
uses recorded climatological data as input. 
Streamflow was simulated on a continuous basis 
by the hydrologic model and compared to 
recorded streamflow data, with necessary adjust
ments made to calibrate the model. Flood dis
charges were then developed by conducting 
discharge-frequency analyses of simulated 
annual peak discharges generated by the hydro
logic model. The flood discharges simulated by 
the hydrologic model were again checked by 
incorporating the discharges into a hydraulic 
model to develop stages, and comparing those 
stages to historical high-water data. 

The estimated peak flood discharges under 
existing and planned, year 2000, land use 
conditions and existing channel conditions are 
set forth in Table 36. Flood stage profiles were 
determined for the 10-, 50-, and 100-year recur
rence interval runoff events under planned and 
existing channel conditions for each of the three 
streams studied, and constitute graphic repre
sentations of flood stages under specified recur
rence interval flood discharges. In addition to 
providing an overall representation of flood 
stages relative to familiar points of reference 
such as the channel bottom and bridge deck 
surfaces, the profiles, because they are continu
ous, permit the determination of flood stages at 
any point along the stream channel. The flood 
profiles for planned land use and existing 
channel conditions are shown in Figure 30. The 
extent of the 100-year recurrence interval flood
plain under planned land use and existing 
channel conditions is shown on Map 62 for the 
Oak Creek watershed. 

ALTERNATIVE FLOOD CONTROL PLANS 
FOR THE OAK CREEK WATERSHED 

In preparing the recommended flood control 
plan under the Commission Oak Creek water
shed planning program, the following 12 alter
native plans were considered for alleviating the 
flood damage problems in the watershed: 1) No 

Action Alternative 1; 2) No Action Alternative 2; 
3) Structure Floodproofing, Elevation, and 
Removal Alternative; 4) Major Channelization 
Alternative 1; 5) Major Channelization Alterna
tive 2; 6) Major Channelization Alternative 3; 
7) Decentralized Storage Alternative; 8) Central
ized Storage Alternative; 9) Combination Major 
Channelization, Channel Deepening and Shap
ing, and Structure Floodproofing, Elevation, and 
Removal Alternative; 10) Combination Major 
Channelization, Channel Deepening and Shap
ing, Centralized Storage, and Structure Flood
proofing, Elevation, and Removal Alternative; 
11) Combination Minimum Channel Modification 
and Structure Floodproofing, Elevation, and 
Removal Alternative; and 12) Combination Chan
nel Deepening and Shaping, and Structure Flood
proofing, Elevation, and Removal Alternative. 

Each alternative plan is described briefly below. 
The economic benefits and costs attendant to 
each alternative are provided in Table 37. More 
detailed descriptions of these 12 alternatives are 
set forth in SEWRPC Planning Report No. 36. 

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 land use 
development policy for the year 2000 is adopted 
within the watershed. 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 protected 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" alternative, 

(Continued on Page 189) 
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Table 36 

FLOOD DISCHARGES FOR THE OAK CREEK WATERSHED UNDER 
EXISTING AND PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cts) 

Existing Land Use and Planned Land Use and 
Existing Channel Conditions Existing Channel Conditions 

River 
Location Mile 10-Year 50-Year loo-Year 10-Year 50-Year 100-Year 

Oak Creek 

Pedestrian Bridge · ............... 0.14 1,140 1,590 1,780 1,910 2,540 2,810 
1 st Oak Creek Parkway Bridge · ........ 0.35 1,140 1,590 1,780 1,910 2,540 2,810 
2nd Oak Creek Parkway Bridge ......... 0.88 1,140 1,590 1,780 1,910 2,540 2,810 
Mill Road ..................... 0.94 1,140 1,590 1,780 1,910 2,540 2,810 
Oak Creek Parkway Dam ............ 0.95 1,140 1,590 1,780 1,910 2,540 2,810 
3rd Oak Creek Parkway Bridge · ........ 1.18 1,140 1,590 1,780 1,910 2,540 2,810 
4th Oak Creek Parkway Bridge · ........ 1.32 1,140 1,590 1.780 1,910 2,540 2,810 
Chicago Avenue/STH 32 ............ 1.61 1,140 1,590 1,780 1,890 2,510 2,770 
5th Oak Creek Parkway Bridge · ........ 2.14 1,140 1,590 1,780 1,890 2,510 2,770 
Pedestrian Bridge · ............... 2.24 1,140 1,590 1,780 1,890 2,510 2,770 
Chicago & North Western Railway ....... 2.35 1,140 1,590 1,780 1,890 2,510 2,770 
15th Avenue · .................. 2.84 1,090 1,560 1,780 1,840 2,440 2,700 
Pedestrian Bridge · ............... 3.18 1,090 1,560 1.780 1,840 2,440 2,700 
Pine Street .................... 3.37 1,090 1,560 1,780 1,840 2,440 2,700 
E. Rawson and 16th Avenues · ........ 3.65 1,090 1,560 1,780 1,840 2,440 2,700 
15th Avenue · .................. 3.76 1,090 1,560 1,780 1,840 2,440 2,700 
Pedestrian Bridge · ............... 3.89 1,090 1,560 1,780 1,840 2,440 2,700 
Milwaukee Avenue ............... 4.01 1,090 1,560 1,780 1,840 2,440 2,700 
15th Avenue · .................. 4.06 1,090 1,560 1,780 1,840 2,440 2,700 
Pedestrian Bridge · ............... 4.18 1,090 1,560 1,780 1,840 2,440 2,700 
S. Pennsylvania Avenue ............. 4.71 1,090 1,560 1,780 1,840 2,440 2,700 
Chicago & North Western Railway ....... 5.25 850 1,290 1,500 1,500 2,030 2,270 
E. Drexel Avenue ................. 5.56 850 1,290 1,500 1,500 2,030 2,270 
Chicago & North Western Railway ....... 6.06 850 1,290 1,500 1,500 2,030 2,270 
E. Forest Hill Avenue .............. 6.25 850 1,290 1,500 1,500 2,030 2,270 
E. Puetz Road · .................. 6.83 850 1,290 1,500 1,500 2,030 2,270 
Chicago & North Western Railway ....... 7.34 1,130 1.780 2,080 2,080 2,870 3,220 
S. Nicholson Road · ............... 7.44 1,130 1,780 2,080 2,080 2,870 3,220 
S. Shepard Avenue ............... 8.11 1,130 1,780 2,080 2,080 2,870 3,220 
S. Howell Avenue/Northbound STH 38 .... 9.22 1,130 1,780 2,080 2,080 2,870 3,220 
S. Howell Avenue/Southbound STH 38 ... 9.24 1,130 1,780 2,080 2,080 2,870 3,220 
W. Ryan Road/STH 100 . . . . . . . . . . . . . 10.06 400 790 1,030 1,030 1,620 1,830 
Spillway ...................... 10.12 400 790 1,030 1,030 1,620 1,830 
Soo Line Railroad · ............... 10.24 400 790 1,030 1,030 1,620 1,830 
Private Bridge . . . . . . . . . . . . . . . . . . . 10.25 400 790 1,030 1,030 1,620 1,830 
Private Bridge . . . . . . . . . . . . . . . . . . . 10.46 400 790 1,030 1,030 1,620 1,830 
Private Bridge . . . . . . . . . . . . . . . . . . . 10.60 400 790 1,030 1,030 1,620 1,830 
S. 13th Street/CTH V .............. 10.69 400 790 1,030 1,030 1,620 1,830 
Pedestrian Bridge · ............... 10.72 400 790 1,030 1,030 1,620 1,830 
IH 94 Northbound · ............... 10.97 310 600 790 690 1,140 1,330 
IH 94 Southbound · ............... 10.99 310 600 790 690 1,140 1,330 
S. 20th Street . . . . . . . . . . . . . . . . . . . 11.24 310 600 790 690 1,140 1,330 
S. 27th Street/STH 41 ............. 11.70 220 430 570 400 700 840 
S. 31 st Street . . . . . . . . . . . . . . . . . . . 11.97 160 310 410 200 390 490 
Private Bridge . . . . . . . . . . . . . . . . . . . 12.23 160 310 410 200 390 490 
W. Ryan Road/STH 100 ............. 12.52 160 310 410 200 390 490 
Concrete Drop Sill · ............... 12.69 160 310 410 200 390 490 
Concrete Drop Sill · ............... 12.90 160 310 410 200 390 490 
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Table 36 (continued) 

Peak Flood Discharge (cfs) 

Existing Land Use and Planned Land Use and 
Existing Channel Conditions Existing Channel Conditions 

River 
Location Mile 10-Year 50-Year 1oo-Year 10-Year 50-Year 100-Year 

Oak Creek {continuedl 

Concrete Drop Sill · . . . . . . . . . . . . . . 13.07 100 170 210 100 170 210 
W. Southland Drive · .............. 13.18 100 170 210 100 170 210 
W. Woodward Drive · .............. 13.31 50 90 110 50 90 110 
W. Glenwood Drive · .............. 13.58 10 30 40 10 30 40 
Private Drive · ...... · .. · ... · .. 13.60 10 30 40 10 30 40 
Private Drive · ....... · .. · ... · .. 13.62 10 30 40 10 30 40 
W. Maple Crest Drive · .. · .. · ... · .. 13.64 10 30 40 10 30 40 
Reservoir Outlet ...... · .. · ... · .. 13.65 10 30 40 10 30 40 
Private Bridge . . . . . . . . · ...... · .. 13.76 20 50 60 20 50 60 
W. Puetz Road .......... · ....... 13.79 20 50 60 20 50 60 

Mitchell Field Drainage Ditch 

Chicago & North Western Railway ...... 0.14 350 590 730 580 900 1,050 
E. Rawson Avenue/CTH EB ......... 0.80 320 560 680 560 830 950 
E. College Avenue/CTH ZZ · ......... 1.83 310 450 520 450 560 620 
Private Bridge . . . . . . . . . . . . . . . . . . . 2.15 310 450 520 450 560 620 
Airport Runway Culvert ............. 2.60 240 310 310 305 310 315 
Private Bridge . . . . . . . . . . . . . . . . . . . 2.74 330 600 740 640 1,010 1,180 
Pedestrian Bridge · ............... 2.80 330 600 740 640 1,010 1,180 
Private Bridge . . . . . . . . . . . . . . . . . . . 3.10 330 600 740 640 1,010 1,180 
S. Howell Avenue/STH 38 · .......... 3.31 330 600 740 640 1,010 1,180 

North Branch Oak Creek 

Soo Line Railroad · ... · ........... 0.10 710 1,400 1,670 1,210 2,000 2,320 
Private Bridge . . . . . . . · ........... 0.21 710 1,400 1,670 1.210 2,000 2,320 
Private Bridge . . . . . . . · ........... 0.34 710 1,400 1,670 1,210 2,000 2,320 
W. Puetz Road ...... · ........... 0.92 650 1,195 1,450 1,130 1,750 1,940 
Private Bridge . . . . . . . · ........... 1.71 650 1,195 1,450 1,130 1,750 1,940 
W. Wildwood Drive ................ 2.00 500 800 930 940 1,190 1,260 
W. Drexel Avenue · ............... 2.21 500 800 930 940 1,190 1,260 
Soo Line Railroad · ............... 2.25 430 750 880 890 1,130 1.190 
S. 6th Street · .................. 2.41 430 750 880 890 1,130 1,190 
W. Marquette Avenue · ............. 3.04 260 430 520 560 820 900 
W. Rawson Avenue/CTH BB .......... 3.51 260 430 520 560 820 900 
S. 6th Street · .................. 3.86 260 430 520 560 820 900 
Spillway ...................... 3.90 260 430 520 560 820 900 
Spillway ...................... 4.20 260 430 520 560 820 900 
Private Bridge · ... · ............. 4.35 100 140 160 150 220 240 
Private Bridge · .................. 4.59 100 140 160 150 220 240 
Private Bridge · .................. 4.62 100 140 160 150 220 240 
Private Bridge · .................. 4.67 100 140 160 150 220 240 
Private Bridge · .................. 4.74 100 140 160 150 220 240 
Soo Line Railroad · ....... · ....... 4.75 80 140 150 120 200 220 
W. College Avenue/CTH ZZ ........... 4.91 125 235 260 145 250 280 
Private Bridge . . . . . . . . . . . . . . . . . . . 4.94 170 330 370 190 350 390 
S. 13th Street . . . . . . . . . . ......... 5.21 170 330 370 190 350 390 
W. Ramsey Avenue and IH 94 

Box Culvert · ......... . . . . . . . . . 5.65 240 360 400 250 370 410 
IH 94 Exit Ramp ................. 5.85 240 360 400 250 370 410 

Source: SEWRPC. 
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and the average annual cost would be equivalent 
to the average annual flood damages. 

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. As shown on 
Map 63, of the 30 structures that are expected to 
incur flood damage, 22 would have to be flood
proofed, 6 would have to be elevated, and 2 
would have to be removed under this alternative. 
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. 

Assuming that these structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $50,000. This cost consists of the 
amortization of the $788,000 capital cost
$463,000 for floodproofing, $193,000 for structure 
elevation, and $132,000 for structure removaL 
The average annual flood damage abatement 
benefit was estimated at $78,000, yielding a 
benefit-cost ratio of 1.56. 

Major Channelization Alternatives 
Three alternatives utilizing major channel 
modifications were developed and analyzed for 
the Oak Creek watershed to determine if such 
measures would provide technically and eco
nomically 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. Those outfalls with invert elevations 
below the channel bottom and within two feet 
above that bottom may be expected to experience 
loss of capacity, which may cause drainage 
problems due to storm sewer surcharging. The 

locations of outfalls that enter the stream with 
invert elevations less than two feet above the 
channel bottom are shown on Map 64. 

Major Channelization Alternative 1: The first 
flood control alternative utilizing major channel 
improvements is shown on Map 65. 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 proposed 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. 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 from its confluence with 
Oak Creek upstream to W. Rawson 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 prop
erty. 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-lined, with 
a bottom width of 10 feet and side slopes of one 
on three. It should be noted that the 100-year 
flood would not be contained within the channel 
along certain stream reaches under this 
alternative. 

This alternative plan element also includes the 
replacement of 25 bridges on Oak Creek and six 
on the North Branch of Oak Creek. No bridge 
replacement would be required on the Mitchell 
Field Drainage Ditch. 

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 

(Continued on Page 198) 
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Alternative 

Number Name Description 

1 No Action-No develop- --
ment in floodplain 
area 

2 No Action-Development --
in floodplain fringe 
area only 

3 Structure floodproofing. 8. Floodproof up to 
elevation. and removal 22 residential and 

commercial 
structures 

b. Elevate up to six 
residential 
structures 

c. Remove up to two 
residential 
structures 

4 Major Channelization 1 B. 16.2 miles of major 
channelization 

b. Modification or 
replacement of 
26 bridges 

5 Major Channelization 2 a. 16.2 miles of major 
channelization 

b. Replacement of 
41 bridges 

6 Major Channelization 3 a. 4.3 miles of major 
channelization 

b. Replacement of 
12 bridges 

7 Decentralized Storage Provide onsite deten-
tion storage facilities 

8 Centralized Storage Construction of five 
detention storage 
reservoirs 

Table 37 

PRINCIPAL FEATURES, COSTS, AND BENEFITS OF THE 
ALTERNATIVE FLOOD CONTROL PLANS FOR THE OAK CREEK WATERSHED 

Economic Analysis8 

Annual Annual Excess of Benefit-
Amortized Operation and Annual Cost 

Capital Cost Capital Maintenance Totalb Annualb Benefits Benefit- Ratio 
Technically Cost Cost Annual Cost Benefits Over Costs Cost Greater 

Feasible Item (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) Ratio than 1.0 

Ves -- $ -- $ -- $ -- $ 98c $ -- $ -- -- No 

Ves -- -- -- -- 103c - - -- -- No 

Ves Floodproofing 463 50 -- 50 78 28 1.56 Ves 
Elevating 193 
Removal 132 

Subtotal 788 

Ves Major channel- 16.047 1.394 15 1,409 93 -1.316 0.07 No 
ization 

Bridge modifi- 6.083 
cation and 
replacement 

Subtotal 22.130 

Ves Major channel- 18.084 1.821 15 1.836 103 -1.733 0.06 No 
ization 

Bridge replace- 10.822 
ment 

Subtotal 28.906 

Ves Major channel- 1.142 375 4 379 34 -345 0.09 No 
ization 

Bridge replace- 4.799 
ment 

Subtotal 5.941 

Ves Onsite deten- 4.580 317 234 551 73 -478 0.13 No 
tion facilities 

Land cost 450 

Subtotal 5.030 

Ves Reservoirs and 612 46 18 64 58 -6 0.91 No 
outlet culverts 

Earthen embank- 12 
ment 

land acquisition 99 

Subtotal 723 

Nontechnical and 
Noneconomic Considerations 

Positive Negative 

-- Continue to incur average 
annual flood damages of 
$98.000 

-- Continue to incur average 
annual flood damages of 
$103.000 

Immediate partial flood Complete. voluntary impls-
relief at discretion of mentation unlikely and 
property owners therefore left with a sig-

Most of the costs would nificant residual flood 
be borne by problem. Overland flooding 
beneficiaries and some attendant prob-

lems remain. Some flood-
proofing is likely to be 
applied without adequate 
professional advice and. 
as a result, structure 
damage may occur. Partial 
resolution of flood problem 

Consistent with commit- Aesthetic impact of con-
ment of communities crete lining. partial 
within the watershed as resolution of flood 
reflected by the loca- problem 
tion. size, and grade of 
existing storm sewers 
and bridges 

Consistent with commit- Aesthetic impact of 
ment of communities concrete lining 
within the watershed as 
reflected by the loca-
tion. size. and grade of 
existing storm sewers 
and bridges 

Consistent with locally Partial resolution of 
committed plans for flood problem 
development of indus-
trial parks and residen-
tial neighborhood in 
City of Oak Creek 

Potential to retain pub- No assurance of long-term 
lic open space. Impact commitment by local units 
on instream water of government to require 
quality onsite detention facilities. 

Difficult to apply to 
small-scale development 
proposals. Partial resolution 
of flood problem. 

Potential to retain Partial resolution of 
public open space flood problem 



Table 37 (continued) 

Economic AnaJvs;s8 

Annual Annual Excess of Benefit-
Amortized Operation and Annual Cost Nontechnical and 

Alternative Capital Cost Capital Maintenance Totalb Annualb Benefits Benefit- Ratio Noneconomic Considerations 
Technically Cost Cost Annual Cost Benefits Over Costs Cost Greater 

Number Name Description Feasible Item (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) Ratio than 1.0 Positive Negative 

9 Combination of Major 8. 6.4 miles of major Ves Major channel- $ 1,676 $ 583 $ 10 $ 593 $ 92 $ -501 0.16 No Consistent with locallv Partial resolution of 
Channelization and channelization ization committed plans for flood problem 
Floodproofing b. 3.7 miles of chan- Channel deepen- 401 development of indus-

nal deepening and iog and shaping trial parks and residen-
shaping tisl neighborhood in 

c. Replacement of Bridge replace- 6,541 City of Oak Creek. 
19 bridges ment Provides sufficient 

d. Floodproof, ele- Structure flood- 347 outlet for existing 
vate. or remove up proofing. ele- storm sewers 
to 24 structures vation, and 

removal 

Subtotal 8,965 

10 Combination of Major a. 6.4 miles of major Ves Major channeli- 1,574 386 28 414 98 -316 0.24 No Consistent with locally Partial resolution of 
Channelization. Chan- channelization zation committed plans for flood problem 
nel Deepening and b. 3.7 miles of chan- Channel deepen- 401 development of indus-
Shaping, Centralized nel deepening and ing and shaping trial parks and residen-
Storage, Structure shaping tial neighborhood in 
Floodproofing and c, Replacement of Bridge replace- 3,317 City of Oak Creek. 
Elevation eight bridges ment Provides sufficient 

d. Construction of five Detention basins 723 outlet for existing 
detention basins storm sewers. Poten-

•. Floodproof or Structure flood- 107 tial to retain public 
elevate up to 18 proofing and open space 
structures elevation 

Subtotal 6,122 

11 Combination of Mini- a. 5.7 miles of major Ves Major channeli- 1,076 318 9 327 93 -234 0.28 No Consistent with locally Partial resolution of 
mum Channelization channelization zation committed plans for flood problem 
and Structure Flood- b. 3.7 miles of chan- Channel deepen- 401 development of indus-
proofing. Elevation, nel deepening ing and shaping trial parks and residen-
and Removal and shaping tial neighborhood in 

c. Replacement of Bridge replace- 3,049 City of Oak Creek. 
11 bridges ment Provides sufficient 

d. Floodproof, ele- Structure flood- 521 outlet for existing 
vate. or remove up proofing. ele- storm sewers 
to 26 structures vation. and 

removal 

Subtotal 5,047 

12 Combination of Channel a. 2.4 miles of chan- Ves Channel deepen- 207 64 1 65 78 13 1.20 Ves Immediate partial flood Complete. voluntary imple-
Deepening and Shaping, nel deepening and ing and shaping relief at discretion of mentation unlikely and 
and Structure Flood- shaping property owners therefore left with a 
proofing. Elevation. b. Replacement of two Bridge replace- 110 Provides sufficient outlet significant residual flood 
and Removal bridges ment for a storm sewer problem. Overland flooding 

c. Floodproof, elevate. Structure flood- 692 outfall which is cur- and some attendant prob-
or remove up to proofing. ele- rently below channel lems remain. Some flood-
29 structures vation. and grade and eliminates proofing is likely to be 

removal a negative channel applied without adequate 
slope between IH 94 profeSSional advice and. 

Subtotal 1,009 and S. 27th Street as 8 result. structure 
damage may occur. Partial 
resolution of flood problem 

BEconomic analyses are based on an annual interest rate of 6 percent and a 50-year amonization period and project life. 

b Annual benefits and costs used in the benefit-cost analysis include only the direct benefits derived from the abatement of monetary flood damages. and the direct costs attendant to implementation of the flood control measures. including capital and operation 
and maintenance costs. Environmental and recreational benefits and costs were not addressed in the benefit-cost analysis since these represent intangible benefits and costs and, therefore. cannot be readily quantified. 

c The total cost of this alternative consists of the average annual monetary flood damages. 

Source: SEWRPC. -



Map 63 

STRUCTURE FLOODPROOFING, ELEVATION, AND 
REMOVAL ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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Map64 

EXISTING STORM SEWER OUTFALLS IN 
THE OAK CREEK WATERSHED WHICH ENTER 

THE STREAM SYSTEM WITHIN TWO FEET 
OF THE EXISTING CHANNEL GRADE 

LEGEND 

• ~~6~~L~xTi~~GT~e~N~:LE~~ADE 

... ~~~~~LLE~~~~~GE~~~~~ESLT~~~~E SYSTEM t 
= ~. 

Source: SEWRPC. 

channelization and bridge replacement entailed, 
and $15,000 in annual operation and mainte
nance costs. The average annual flood abate
ment benefit is estimated at $93,000, resulting in 
a benefit-cost ratio of 0.07. 

Major Channelization Alternative 2: The second 
major channelization flood control alternative, 
shown on Map 66, 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 impoundment 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. Raw
son Avenue, a distance of 0.8 mile. Under this 
alternative, the proposed channel would need to 
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be widened and/or deepened beyond that pro
posed in a 1967 report prepared by Klug & Smith 
Company for the Milwaukee Metropolitan Sew
erage District, entitled Report on Oak Creek 
Flood Survey on Entire Basin for the Metropoli
tan Sewerage Commission of the County of 
Milwaukee.z For some reaches the proposed 
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 prop
erty, no further channel widening was consid
ered under this alternative. In addition to the 
required widening and lowering of the channel 
bottom, 16 additional bridges would need to be 
replaced under 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 
modification alternative is estimated at 
$1,836,000, consisting of the amortization of the 
$28,906,000 capital cost of major channelization 
and bridge replacement, and $15,000 in annual 
operation and maintenance costs. The average 
flood abatement benefit is estimated at $103,000, 
resulting in a benefit-cost ratio of 0.06. 

Major Channelization Alternative 3: Under the 
third flood control alternative utilizing major 
channelization, shown on Map 67, major chan
nel modifications would be carried out only 
along that portion of Oak Creek beginning at the 
Soo Line Railroad 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 result
ing in lower velocities along the modified 
channel reaches and allowing the use of turf 
lining in place of concrete lining. T~e proposed 
channel would have a bottom width of 20 feet 
with side slopes of one on three. Major channel 

2The Klug & Smith report recommended major 
channel modifications for much of the Oak 
Creek watershed stream system, and its recom
mendations 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. 



Map 66 

MAJOR CHANNELIZATION ALTERNATIVE 1 FOR THE OAK CREEK WATERSHED 
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Map66 

MAJOR CHANNELIZATION ALTERNATIVE 2 FOR THE OAK CREEK WATERSHED 
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Map 67 

MAJOR CHANNELIZATION ALTERNATIVE 3 FOR THE OAK CREEK WATERSHED 
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modifications would also be required along the 
North Branch of Oak Creek beginning about 960 
feet downstream of the confluence with South
land Creek and extending upstream to W. 
Rawson A venue-a distance of about 2.8 miles. 
This proposed 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 also require the replacement of five 
bridges on Oak Creek and seven bridges on the 
North Branch of Oak Creek. 

The hydrologic-hydraulic analyses conducted 
under this alternative indicates that the reduc
tion in floodwater storage created by the channel 
modifications 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 modification 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 Administrative 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.3 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. 

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 
amortization of the $5,941,000 capital cost of the 
channel improvements and bridge replacements, 
and $4,000 in annual operation and mainte
nance costs. The average annual flood abate
ment benefit is estimated at $34,000, resulting in 
a benefit-cost ratio of 0.09. 

Decentralized Storage Alternative: An alterna
tive flood control plan consisting of decen
tralized-or off-stream, onsite-storage was 
considered. This alternative, shown on Map 68, 

3 A revised version of Chapter NR 116 became 
effective in March 1986 limiting this increase to 
0.01 foot. 
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assumes that all of the communities in the 
watershed will adopt policies requiring that 
onsite stormwater detention facilities be pro
vided 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 pre-development 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, 90 detention basins 
were assumed to be installed throughout the 
watershed to serve new development, each one 
to two acres in size and serving about 80 acres 
of tributary drainage area. It was recognized 
that other types of facilities such as infiltration 
trenches could also be used to minimize storm
water flows, and that the best type of facility 
would have to be determined on the basis of site
specific analyses. 

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 amorti
zation of the $5,030,000 land cost and capital 
cost of the onsite detention facilities, and 
$234,000 in annual operation and maintenance 
costs. The average 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 evalu
ated. As shown on Map 69, this alternative 
consists of the construction of on-stream deten
tion basins at the following five locations: 
1) upstream 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 

I 

I 
I 



Map68 

DECENTRALIZED STORAGE ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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Map 69 

CENTRALIZED STORAGE ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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the North Branch of Oak Creek; and 5) upstream 
of S. Howell Avenue on the Mitchell Field 
Drainage Ditch. These sites were selected 
because of their proximity to reaches with 
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 simula
tion 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 recurrence interval flood event under year 
2000 planned land use and existing channel 
conditions with floodplain fringe development 
are shown on Map 69. 

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 estimated at $58,000, resulting in a 
benefit-cost ratio of 0.91. 

Combination Major Channelization, Channel 
Deepening and Shaping, and Structure Flood
proofing, Elevation, and Removal Alternative: 
Based upon the results of the analyses of the 
flood control alternatives, a ninth flood control 
alternative was developed. This alternative, as 
shown on Map 70, incorporates the major 
channel modifications described under the third 
major channelization alternative; that is, modi
fications would be carried out along Oak Creek 
from the Soo Line Railroad 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 South
land Creek and extending upstream to W. Raw
son Avenue, a distance of 2.8 miles. These 
channels would have bottom widths of 20 feet 
and side slopes of one on three, and would 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 modifications, 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 a point 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 
floodwater 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 main stem and the North Branch of Oak 
Creek downstream of the proposed channel 
modifications. In order to alleviate the residual 
structure damages which would be expected to 
remain, this alternative includes the flood
proofing of 19 buildings, the elevation of four 
buildings, and the removal of one building. 
Remaining flood damages under this alternative 
would be limited to crop damages. 

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 amorti
zation of the $8,965,000 capital cost of channel 
improvements and bridge replacements, and of 
structure floodproofing, elevation and removal, 
and $10,000 in annual operation and mainte
nance costs. The average annual flood abate
ment benefit is estimated at $92,000, resulting in 
a benefit-cost ratio of 0.16. 

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. Under this alternative, as shown 
on Map 71, major channel modifications would 
be made along Oak Creek from the Soo Line 
Railroad crossing upstream to S. 27th Street, a 
distance of 1.5 miles; and along the North 
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Map 70 

COMBINATION MAJOR CHANNELIZATION, CHANNEL DEEPENING AND SHAPING, AND STRUCTURE 
FLOOD PROOFING, ELEVATION, AND REMOVAL ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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Map 71 

COMBINATION MAJOR CHANNELIZATION, CHANNEL DEEPENING AND SHAPING, CENTRALIZED STORAGE, 
AND STRUCTURE FLOODPROOFING AND ELEVATION ALTERNATIVE FOR THE OAK CREEK WATERSHED 

t 
. 0 ' ~ J "0· • • •• "0 

, , .. ./ 

GR ENDALE, I 
I t:o<-U:Gi: 

D 
D 

---

LEGEND 

IOO-Y'EAR RECURRENCE INTERVAL FLOODLANDS-PLANNEO 
LAND USE Ol,NO EXIST ING CHANNEL CONDITIONS 

IOO - YE AR RECURRENCE INTERVAL FLOOOLANOS--F'L ANNED 
LAND USE WITH MAJOR CHANNELIZATION, CHANNEL 
DE EPE NING AND SHAPING, AND CENTRAL IZEO STORAGE 

PROPOSED MAJOR CHANNELIZAT ION 

PROPOSED CHANNEL. DEEPEN ING AND SHAPING 

_ PROPOSED BRIDGE REPLACEMENT 

• PROPOSEO DETENT ION STORAGE RESERVOIR 

Source: SEWRPC. 

? 
• 

, 
, 

l _ ~,,! 
, i " 
• .1:. ••• 

0. _.'&. .: • .. 

~ 

'"' 

". . .. ' 
., 

• 
'" 

STRUCTURE: TO BE F"LOOOPROOFEO 

STRUCTLAE TO BE ELEVATEO 

STRUCTURE TYPE 

C COWVIERCIAL 

R RESIOENTIAL 

CUDAHY 

" 
u 

i 
I ' .. 

.. " , 
" .. .. \ 

~ 
.J 

t" 
> 

'" '" 
~ l ., 

~~\~ 
o~~ 
i) \ 

'- ) 

\ \ ~ 
~ . -

--./ 
.~ 

v 

t 

207 



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 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
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 
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 addition to the above channel improvements, 
five centralized, or on-stream, detention basins 
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 
Drainage Ditch. 

This alternative plan also includes the replace
ment of five bridges on Oak Creek and five 
bridges on the North Branch of Oak Creek. 

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. 

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 $414,000, consisting of the amor
tization of the $6,122,000 land cost of the 
detention basins and capital cost of channel 
improvements, bridge replacements, and deten
tion basins, and of structure floodproofing, 
elevation, and removal, and $28,000 in annual 
operation and maintenance costs. The average 
annual flood abatement benefit is estimated at 
$98,000, resulting in a benefit-cost ratio of 0.24. 
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Combination Minimum Channel Modification 
and Structure Floodproofing, Elevation, and 
Removal Alternative: A flood control alternative 
was developed for the watershed which incorpo
rates the minimum amount of channel modifica
tions required to provide an adequate outlet for 
the existing storm sewer outfalls. This alterna
tive would allow for the implementation of local 
neighborhood and industrial park development 
plans. Under this alternative, as shown on 
Map 72, channel deepening and shaping would 
occur along Oak Creek between S. Pennsylvania 
Avenue and E. Puetz Road, a distance of 
2.1 miles; 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 Soo Line 
Railroad crossing south of W. Ryan Road 
upstream to S. 27th Street, a distance of 1.5 
miles. The proposed channel would be turf-lined 
and have a bottom width of 10 feet and one on 
three side slopes. Major channel modifications 
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 
easements would be required along the main 
stem of Oak Creek and along the North Branch 
of Oak Creek downstream of the proposed 
channel modifications. 



Map 72 

COMBINATION MINIMUM CHANNEL MODIFICATION AND STRUCTURE FLOODPROOFING, 
ELEVATION, AND REMOVAL ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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This alternative plan also includes the replace
ment of five bridges on Oak Creek and six 
bridges on the North Branch of Oak Creek. The 
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. Remain
ing flood damages would thus be limited to crop 
damages. 

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 amorti
zation of the $5,047,000 capital cost of channel 
improvements, bridge replacements, and struc
ture floodproofing, elevation, and removal, and 
$9,000 in annual operation and maintenance 
costs. The average annual flood abatement 
benefit is estimated at $93,000, resulting in a 
benefit-cost ratio of 0.28. 

Combination Channel Deepening and Shaping, 
and Structure Floodproofing, Elevation, and 
Removal Alternative: An alternative flood con
trol plan consisting of limited channel deepening 
and shaping and structure floodproofing, eleva
tion, and removal was prepared and evaluated 
for the watershed. This plan is shown on 
Map 73. Under this plan, channel deepening 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 
streambed would be lowered an average of three 
feet in order to provide an adequate outlet for 
existing storm sewer outfalls, and also to elimi
nate 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 would 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 reach 
of the channel through the planned industrial 
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 
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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 that 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 that reach 
of the channel beginning at the north end of the 
MATC-South Campus and extending upstream 
to S. 13th Street. 

Also under this alternative plan, two bridges on 
the North Branch of Oak Creek would be 
replaced, and 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. 

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. 

As part of this flood control alternative, three 
sub alternatives were considered for providing an 
adequate outlet for the storm sewer with the 
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) constructing a new storm sewer 
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) provid
ing a pumping station at the outlet of the sewer. 



Map73 

COMBINATION LIMITED CHANNEL DEEPENING AND SHAPING AND STRUCTURE 
FLOODPROOFING, ELEVATION, AND REMOVAL ALTERNATIVE FOR THE OAK CREEK WATERSHED 
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The sewer elevation sub alternative 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 con
structed at the minimum required depth of cover, 
and elevation of this storm sewer would there
fore not be practical. If the elevation of this 
sewer could be achieved, the cost entailed would 
be about $120,000. Besides being impractical, 
this sub alternative would not alleviate the poor 
drainage conditions which exist in the North 
Branch of Oak Creek between W. College Ave
nue 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 sub alternative 
was not considered further. 

Under the parallel storm sewer sub alternative 
which was analyzed under this alternative, 
approximately 0.8 mile of 54-inch-diameter pipe 
would be laid 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 31. 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 
sub alternative 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 sub alternative, 
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 
considered further. 

The final subalternative considered was the 
installation of a lift station at the outlet of the 
restricted storm sewer. The cost of installing this 
lift station is estimated at $350,000, with annual 
operation and maintenance costs of $2,500. This 
sub alternative would not alleviate poor drainage 
conditions in the channel reach described above. 
Because of the relatively high cost of this 
sub alternative, as well as the fact that poor 
drainage conditions would remain in the chan
nel reach described above, the installation of a 
lift station was not considered further. 
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Recommended Flood Control 
Plan for the Oak Creek Watershed 
Based upon consideration of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
was recommended that the combination limited 
channel deepening and shaping, and structure 
floodproofing, elevation, and removal alterna
tive be adopted and implemented for the Oak 
Creek 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 distribution 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 recommended for flood proof
ing, 16 are located along the main stem of Oak 
Creek, consisting of two houses and 14 commer
cial buildings; four are located along the North 
Branch of Oak Creek, consisting of two commer
cial buildings, one apartment building, and one 
municipal garage; and one office and warehouse 
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. 

With respect to bridge replacement, the two 
bridges recommended to be replaced are the W. 
College Avenue and Soo Line Railroad cross
ings. It should be noted that the W. College 
Avenue crossing was replaced in 1987 by Mil
waukee County in accordance with the recom
mended plan. Thus, the waterway opening 
hydraulic capacity and channel bottom eleva
tion of the new bridge should accommodate the 
proposed channel improvements. It should also 
be noted that the Soo Line Railroad crossing 
must be replaced with a structure having the 
same hydraulic characteristics as the existing 
crossing, which has a considerable backwater 
effect and results in significant floodwater 
storage under maj or flood conditions. Since there 



Figure 31 

PROFILE ILLUSTRATION OF INTERCEPTING STORM SEWER 
FOR A PORTION OF NORTH BRANCH OF OAK CREEK 
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Table 38 

ECONOMIC ANALYSIS OF THE RECOMMENDED FLOOD CONTROL PLAN FOR THE OAK CREEK WATERSHED 

Costs Benefit-Cost Analysis 

Annual 
Annual Benefits Economic 

Annual Minus Benefit Ratio 
Recommended Flood Amortized Operation and Benefits Annual Costs Cost Greater 

Control Measures Capital Capitala Maintenance Total (dollars) (dollars) Ratio than One 

Channel Deepening 
and Shaping $ 347,000 $22,000 $2,000 $24,000 

Bridge Replacement 201,000 13,000 -- 13,000 

Structure Floodproofing, 
Elevation, and Removal 645,000 41,000 - - 41,000 

Subtotal $1,193,000 $76,000 $2,000 $78,000 $88,000 $10,000 1.13 Yes 

aAmortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

are no flood damages resulting from this restric
tion to flow, a replacement crossing must exhibit 
the same floodwater storage effect as the exist
ing crossing to prevent any increase in down
stream flood flows and stages. 

The average annual cost of this alternative, 
assuming an interest rate of 6 percent and a 
project life and amortization period of 50 years, 
is estimated at $78,000, consisting of the follow
ing: amortization of the $347,000 capital cost of 
channel deepening and shaping; amortization of 
the $201,000 capital cost of bridge replacement; 
amortization of the $645,000 capital cost of the 
floodproofing, elevation, and removal of 29 
buildings; and $2,000 in annual operation and 
maintenance costs. The recommended flood 
control plan for the Oak Creek watershed is 
graphically summarized on Map 74, and atten
dant costs set forth in Table 38. The 100-year 
recurrence interval flood profile and streambed 
profile under the recommended flood control 
plan are shown in Figure 32. 

Implementation of this flood control plan 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 year 2000 planned land use conditions. 
Implementation of the flood control plan would 
not, however, serve to eliminate local storm water 
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drainage problems in the watershed. The abate
ment of those problems should be addressed 
through the preparation of storm water manage
ment system plans. 

It is recommended that when those bridges 
identified in Appendix C as having inadequate 
hydraulic capacity are replaced for transporta
tion purposes, they be designed to accommodate 
the respective recommended design frequency 
flood event without overtopping of the attendant 
roadway. Those structures to be designed to 
accommodate a 10-year recurrence interval flood 
flow include S. Shepard Avenue and S. 20th 
Street on Oak Creek and Wildwood Drive, S. 6th 
Street, and W. Marquette Avenue on the North 
Branch of Oak Creek. Those structures to be 
designed to accommodate a 50-year recurrence 
interval flood flow include E. Forest Hill Avenue, 
E. Puetz Road, S. Nicholson Road, W. Ryan 
Road, S. 13th Street, and W. Puetz Road on Oak 
Creek; W. Puetz Road on the North Branch of 
Oak Creek; and W. College Avenue on the 
Mitchell Field Drainage Ditch. 

Finally, it is recommended that large-scale 
topographic maps be prepared for two reaches of 
Oak Creek and one reach of the North Branch 
of Oak Creek. Existing topographic maps do not 
reflect the significant amount of development
including channel replacement-which has 



occurred in these areas. It is also recommended 
that new maps be prepared for the south one
half of U. S. Public Land Survey Section 5 and 
the north one-half of U. S. Public Land Survey 
Section 30 in the City of Oak Creek (Township 
5 North, Range 22 East), and the southwest one
quarter of U. S. Public Land Survey Section 24 
in the City of Franklin (Township 5 North, 
Range 21 East). Since these new maps would 
serve multiple purposes, none of the attendant 
costs have been assigned to the flood control 
plan. 

Impacts of Recommended Land Use and Flood
land Management Plans on Flood Flows and 
Stages: Implementation 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 39. 
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. 

Flood Control Plan Implementation 
The major floodland management recommenda
tion of the District's drainage and flood control 
system 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. It is 
important to note, however, that the floodland 
zoning measures to be applied need to be coor
dinated with the implementation of the recom
mended structural flood control measures devel
oped under the Commission Oak Creek 
watershed planning program and set forth in 
this report. That is, the local zoning agencies 
need to apply appropriate floodland zoning to 
the existing floodlands in the watershed, particu
larly 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 
improvements that have actually been put in 
place. 

It is recommended that the Milwaukee Metropol
itan Sewerage District make the needed channel 
improvements within the Oak Creek watershed. 
In particular, it is recommended that the District 
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. 

The recommended plan also calls for structure 
floodproofing, 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 exam
ple, by the Oak Creek Floral Company with 
respect to its greenhouses located along Oak 
Creek. It is recommended, however, that the 
professional services required to prepare plans 
for floodproofing and the 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 regula
tions are included. Also, it is recommended that 
these two cities explore on behalf of the property 
owners directly affected any state and federal 
aids available for such flood proofing measures. 
With regard to the two buildings recommended 
for removal, it is recommended that these 
properties be acquired by the Milwaukee Metro
politan Sewerage District and subsequently 
dedicated to the Milwaukee County Department 
of Parks, Recreation and Culture for parkway 
purposes. 

It is recommended that the District prepare the 
large-scale topographic maps recommended for 
certain stream reaches in the watershed. 

Concluding Remarks 
Implementation of this drainage and flood 
control system plan would result in the abate-

(Continued on Page 229) 
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Table 39 

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 

Existing Land Use Planned Land Use 
and Channel Conditions and Channel Conditions 

Peak Flood Peak Flood Peak Flood Peak Flood 
Discharge Stage Discharge Stage 

Location (cfs) (feet NGVDa) (cfs) (feet NGVDa) 

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 

& Milwaukee Railroad .......... . 
South Shepard Avenue ... ....... . 
Upstream of Confluence with 
North Branch of Oak Creek ........ . 

IH 94 ..................... . 
South 31 st 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 ..... . 
Soo Line Railroad .............. . 
West Marquette Avenue . . . ....... . 
MATC-South Campus ........... . 
Soo Line Railroad . . . . .......... . 
CTH V IS. 13th Street ........... . 

Mitchell Field Drainage Ditch 
Confluence with Oak Creek ........ . 
CTH BB/W. Rawson Avenue ....... . 
CTH ZZlW. College Avenue ........ . 
Private Drive . . . . . . . . . . . . . . . . . . 

aNGVD-National Geodetic Vertical Datum. 

bNo change in land use. 

Source: SEWRPC. 

1,780 
1,780 
1,780 
1,780 

1,780 

1,500 
1,500 

2,080 
2,080 

1,030 
790 
410 
210 

50 

1,670 
1,450 

930 
880 
520 
160 
150 
370 

730 
680 
520 
740 

582.1 2,810 583.4 
617.5 2,810 618.5 
625.7 2,770 628.0 
642.5 2,700 644.6 

651.7 2,700 655.5 

661.2 2,270 662.4 
663.7 2,270 666.2 

666.7 3,220 668.1 
673.7 3,220 675.1 

680.7 1,830 682.4 
691.9 1,330 692.7 
699.2 490 699.9 
725.6 

__ b 
726.0 

734.6 
__ b 

734.6 

680.5 2,320 682.3 
694.6 1,940 695.5 
705.1 1,260 705.8 
709.3 1,190 711.4 
714.0 900 714.9 
724.6 240 725.6 
733.2 220 736.3 
733.4 390 733.4 

661.2 1,050 662.2 
665.9 950 667.0 
673.2 620 674.0 
680.4 1,180 680.7 
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o 

-+-
c:::::J 

• 

LEG END 

AI'PIiOIl I MATE [)(ISlING CIlANNEL CE N TERLINE 
AND RIVER M IL E STATIONING 

IOO-VEAR RECURRENCE INTERVAL fLOOO L IIND$ -
PLA NN ED LliNO USE IoNO PLII W.m CHANNEL CONDITIONS 

STRUCTURE FLOOOPR{)OfI NG 

Map 74 (continued) 

MITCHELL FIELD DRAINAGE DITCH 

NOTE THE AVAI L ABILITY OF UIoR!i£- SCA LE 
TOPOGR:'PH IC "'A PPING FOROt-1( CREEl< 
IS SHO .... N IN API' E r..ol~ H 

DATE OF PHOTOGRt>.PHY "'P!'IIL 1986 

.-



~ 
• o 

§ 
> 

g690 
8 
~ 
J • z 
Q 

~ 
• > 
~ 
·68' 
" • 
~ 

• 
~ 
j 
• J • 

w. COI...LEGE AVE 
CTH ZZ 

'" 1.83 , 

t 
'" --L_ 

S HOWELL AVE ,., 
'" , 

LEGEND 
- MIDGE IDENTIFICATION: NAME - rrr1~: ~~H~~iII~:s18~~I~ 
- STAUCTURE IDENTIFICATION NUMEER 
... - RIVER M ILE 
- HYDRAULICALLY INSIGNIFICANT 
- HYDRAULICALLY SIGNIFICANT 

... - RAILING AT STREAA'I CENTER LI NE 

- DECK AT STREAM CENTERLII\I£ 

- LOW POINT IN APPROAOi ROADWAY 
IF NOT 8RIDGE DEC K 

- lOW CHORD OR CROWN CI' CLOSED 
CONDUIT 

- EXISTING STREAMBED 

PRIVATE 
EiAIDGE 

'" 3.10 , 

·00 

Figure 32 (continued) 

MITCHELL FIELD DRAINAGE DITCH 

PEDESTRIAN 
BRIDGE 

'" 2.00 , 

I
PRI VATE ... ,,"" ", <,. 

I ' I 
AIRPORT 
RUNWAY 
CULVERT 
INLET 

'" '" , 
II 
II 

AIRPORT 
RUNWAY 

CULVERT 
OUTLET 

'" 2.47 , 

250 

PRIVATE 
BRIDGE ,,, 
'" , 

E COLLEGE: AVE 
CTH ZZ 

'" ,., , 

~ 
~ 

DISTANCE IN RIVER ~LE5 FROM CONFLUENCE WITH 041< CREEK 

E. RAWSON AVE . 

FLOOD STAGE-YEAR 
2000 PLANNED LAND 
USE ANO PLANNED 
CHANNEL CONDITIONS 

100-YEAR RECURRENC€ 
INTERVAL 

:!jQ-YEAR RECURRENCE 
INTERVAL 

~-YEAR RECURRENCE 
INTERVAL 

CHi aB 
00' oso , 
I 

I 
I 

t 
~~"'. -:::==-=-=-=-=-=:::. =,[ 

'-----

1.00 0 .50 

CBNW RR 
000 " . 

t 

no 

roo 

.'" 

.>0 
0 .00 

, 
0 

" ~ 
<I 
0 

" ffi 
> 
0 
e 
~ 
2 
0 

J • z 
Q 

" • z 



-• 

LEGEN D 

100 _Y( AR !!ECURRENCE INT ERVAL 
FLOODPLAIN- YEAR 2'000 
Pl ~NNED LAND USE liND PL ANt/ED 
CH ANNE L CONDITIONS 

"'PPROXIMAl( E XISTING CHANNEL 
CHHER L!NE ANO RIVER MILE 
51",110101114(; 

CHM-INEl DEEP E NING AND SHAPING 

STRUCTURE FLOODPROOF ING 

N01E: THE AIIA IL A81LITY or lAF!CE- SCALE 
lOPOGRAPl1lC MAPPING FOR 
NORTH BR/I,HCH or OAK CREEK 
15 SHO WN IN APPENDI X H 

Map 74 (continued) 

NORTH BRANCH OF OAK CREEK 

TYPICAL CROSS SECTION OF THE EXISTING AND PROPOSED CHANNEL 
ALONG THE NORTH BRANCH OF OAK CREEK BETW EEN RM 4 .2 AND 5,1 3 TH ST 

"" 2000 ' "'0 USE "'ST,"G ,,""" "0 -"" f~ 

~_-=----=-- EXISTING 

~I =1'1 vrllR?OOO LA ND 
SCAl E 

0'-,,=.'0;.....;4'0 FEET 1.: ! 

USE Pf(OPQSEO 
TURF PIIOPOSED ( ItANNFL 100 YEAR 

FLOOD :;TA(';( 
0'" TE OF PHOTOG~APHY APRIL 1986 



• , 
~ 
~ 

~ 
" ffi 
> 

" 

''0 

''0 

~ 710 
C 
C 
W 
C 

~ • 5 
" • Z 

~ • "00 

" W 

~ , 
~ 
§ 
W 

oj 

,,,, 

,eo 

PRIVATE 8RllGE .,. 
SPILLWAY 

." 
4,20 , 
I 

SPILLW.1y 
4)'( 

'.00 , 
I 

5.£TH ST 

LEGEND 

W, RAWSON AVE 
CTH BB 
." 

'" , 

, 

1 

WRANSOO AVE. - 8RIDGE IDENTI FICATION: NAME 

CTH BB - ~llff: b~E~H~~~:[I~~~8~~,T;&" 
4~5 - STRUCTURE ICE NTIFICATlDN NUMEJER 

_RIVER MI LE 
- H'YORAUL ICALLY INSIGNIFICANT 
- HYDRAULICALLY SIGNIFICANT 

- RAILING AT STREAM CENTER LINE 

- DECI( AT STREAM CENTERL INE 

_ LOW POINT IN APPROACH ROADwAY 
IF NOT 8R IDGE DECI( 

- LOW CHORD OR CROWN (y CLOSED 
CONDUIT 

- EXIST ING STREAMBED 

--___ - PLANNED STREAM8ED 

'.00 

W MAROt£TTE AVE, 
430 
' .0'> , 

I 
1 

I 
1 

I 

' 00 

Figure 32 (continued) 

NORTH BRANCH OF OAK CREEK 

' .50 
D I STANCE I N R I VER MI L ES FROMCOIliF LUEIliCE WITH OA" CREE '< 

, .00 

FLOODSTAGE-YEAA 2000P\..ANNEO L AND 
USE AND EXIST ING CHANNEL CONDI TIONS 

IOO-YE.!I.R R£CURRENCE INT E RVAL 
~_YEAR RECURRE NC E IN TERVAL 

10- YEAR RECURRENCE INTERVAL 

1.00 0, 50 



'. 0 
---+-

Map 74 (continued) 

NORTH BRANCH OF OAK CREEK 

LEGE ND 

IO D_ TEAR R[ CUIIR ( NCl IIH ER~AL 
fLOODPLA lthY[AR 2000 
PLANNED L AND USC AND EXISTING 
CHI\NNEL CONDITION S 

100- YE AR RECURRENCE IN TERVAL 
FL OODPL AIN _TEAR 2000 
PLANNEO LAND USE AND PL ANNED 
CHANNEL CONDITIONS 

APPROX IMAT E [lUS T ING CH,l.IoINCL 
CEHTERUNE liND RIVER MIL E 
ST A n ONING 

NOT[: THE AVA IL AB ILI TY Of L t.RG~ _ SC.l. L E 
TOPOGRAPHIC IoIAPPING fOR 
NORTH BRANCH Of OAK CREEr: 
IS SNOWN IN APPENDIX H 

NOTE. OUE TO MAP SCALE UMITATION5. THE DlFF£HENCE BEl'IVEEN THE 
TOO -YEAR RECURRENCE INTERVAL FLOODLANDS UNDER PLANNED 
LAND USE AND EXISTING CHANNEL CONDITIONS. AND THE l OO-Y(AR 
RECURRENCE INTERVAL FLOODLANDS UNDER PLANNED LAND USE 
.o.ND PLANNED CHANNEL CONDITIONS. MAY NOT APPEAR ON THIS MAP. 
WHERE NO DIFf ERENCE APPEARS REFERENCE SHOULD BE MADE TO THE 
FLOOD STAGE PRORLE SHOWN BELOW 

_ CUIINN(L OEEPENING AtlO S~APING - STRUC TURE 10 BE REPL ACED 

Source: SEWRPC. 

TYPICAL CROSS SECTION OF THE EXIST ING AND PROPOSED CHANNEL 
AL ONG THE NORTH BRANCH OF OAK CREEK BETWEEN RM 4.2 AND S.13 TH ST. 

YEAR 2000 L AND uSE EXIST ING CHANNEL IOO - YEAR FLOOD STAI3E 

EXISTING 

SCALE 
o 10 20 FEET 
: 

DATE OF ..... OTOGRAPt-lY APRIL 19M 

'''' 

g 74 0 

• o 
o 
~ 

" 0 

Figure 32 (continued) 

NORTH BRANCH OF OAK CREEK 

I'"LooD ST4GE- YEliR 
2000 PLANNED LAND 
U SE AND E X ISTI NG 
CHAr·mEL CONDIT ION S 

IOO-YE AR RECURRE NCE 
INTERvAL 
~- YEAR RECURRENCE 
INTERVIloL 

10-YEIloR RECURRENC E 
IN1ERVII.L 

IH 94 
EXIT RAMP .. , 
' " , 

S. ' 31H ST PR ' VATE 
4 ~~ BR IDGE 
~ 2 1 4~0 

S 494 

W RAMSE Y iNE 4 .74 

I I
s PRIVATE 

CUL vERT UND€R I BR IDGE 

I 
'" .N' '",. , '"'"'' 

'"0 I I BAlOG[ ~ 6~ 44 2 
S 467 

I J S~:~E 

I 

.. .. , , 
P!,VATE 
B~'nE 

t 1 J " 
I ----=--_ II w 

,"L OOO STAGE-YEAR 2000 PL ANNED LAND 
USE AND PLANNED CHIloNN[L CONDITIONS 
100- YEAR ftECURRENCE INTERVAL --lJJ " 

w. COLLEGE iNE 
CTH ZZ 

'" ,.~ , 

t 
A 

--L_ 

LEGEND 
- BRIDGE 100NTII'"ICATlON: NAME 

- ~l~i: (~fif~HQ~il'~:s~8~;:11'dr.. 
- STRUCTURE ICENT IFICATION NUMBER 
- RIVER M ILE 
- HYDRAULICALLY INSIGNIFICANT 
- HYDRAULICALLY S IGNIF IC4NT 

- RAIL ING AT STREAM CENTER L INE 

- DECI( AT STRE4M CENTERL INE 

_ L OW POINT IN APPROACH ROAD ..... AY 
IF NOT BR IDGE DECK 

- L OW CHORD OR CROWN OF CLOSE D 
CONDUIT 

- EX ISTING STREAMBED 
---___ PLANNED STREAMBED 

BOO '''' DIS TANCE IIJ RI VER M ILES FROIA 
CONFLUENCE wn .... OAI< Cf-tEEI< 

------- " 
~~ ----

:l 
" • 
~ 

740~ 

~ 
~ 
~ 
z 
• > 
~ 

r J O <l 

" 0 



ment of all flood damages in the watershed 
caused by flood events up to and including the 
100-year recurrence interval event under year 
2000 planned land use conditions. Implementa
tion of the recommended flood control plan 
would not, however, serve to eliminate local 
stormwater drainage problems in the watershed 
associated with storm sewers having outlets 
near the proposed channel bottom. Damage 
estimates relative to overland flooding of the 
stream system were not high enough to warrant 
the high cost of the major channel modifications 
which could alleviate these local storm water 
drainage problems. Therefore, the abatement of 
local storm water drainage problems should be 
addressed through the preparation of storm
water system plans. Preliminary indications are 
that there are no known areas of the watershed 
which could not be provided with adequate 

storm water management facilities under the 
recommended channel and land use conditions. 
However, should more detailed stormwater 
management plans reveal certain stream seg
ments where no technically or economically 
feasible alternatives exist to conveyance as a 
means of local stormwater runoff management, 
additional channel modifications may be indi
cated. Such channel modifications may be 
incorporated into the drainage and flood control 
system plan at a future date provided that it is 
demonstrated that: 1) there are indeed no feasi
ble alternatives to the additional channelization; 
2) the additional channelization would have no 
significant adverse impacts on downstream 
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. 
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Chapter VI 

EVALUATION OF ALTERNATIVE AND SELECTION OF 
RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE 

SYSTEM PLAN-ROOT RIVER WATERSHED 

INTRODUCTION 

The drainage and flood control policy plan 
companion to this system plan recommends that 
the Milwaukee Metropolitan Sewerage District 
assume jurisdiction for seven perennial and two 
intermittent streams in the Root River water
shed. These nine streams, totaling 24.4 miles in 
length, consist of the North Branch of the Root 
River, East Branch of the Root River, Tess 
Corners Creek, Whitnall Park Creek, North 
Branch of Whitnall Park Creek, Northwest 
Branch of Whitnall Park Creek, Crayfish Creek, 
Caledonia Branch of Crayfish Creek, and an 
unnamed tributary to the Root River, the latter 
herein unofficially referred to as the 104th Street 
Branch. One stream not recommended for Dis
trict jurisdiction-Hale Creek-was also included 
in the system planning effort because flood 
problems existing along that stream necessitate 
the implementation of flood control measures 
which may impact on flood flows and stages on, 
as well as flood control recommendations for, the 
Root River. Of the 10 streams thus studied under 
the system planning effort, all but three-the 
104th Street Branch, Tess Corners Creek, and the 
East Branch of the Root River-were studied 
under previous Commission planning programs.' 
Each of these 10 streams is considered in the 
following sections of this chapter. Data are 

1 See SEWRPC Planning Report No.9, A Compre
hensive Plan for the Root River Watershed, July 
1966; SEWRPC Community Assistance Planning 
Report No. 121, A Storm water Management Plan 
for the Village of Hales Corners, Milwaukee 
County, Wisconsin, March 1986; SEWRPC 
Memorandum Report No. 35, A Storm water 
Management Plan for the Crayfish Creek Sub
watershed, City of Oak Creek, Milwaukee 
County, Wisconsin, June 1988; and SEWRPC 
Letter Report to Milwaukee County Board of 
Supervisors concerning a reevaluation of the 
adopted Root River watershed plan for the Root 
River and Hale Creek in the City of West Allis, 
January 2, 1974. 

presented on existing and probable future drain
age and flood control problems, alternative and 
recommended flood control and related drainage 
improvement measures, and recommended imple
mentation actions. 

NORTH BRANCH OF THE ROOT RIVER 
SUBWATERSHED FLOOD CONTROL AND 
RELATED DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses were made 
and alternative flood control measures evaluated 
for the North Branch of the Root River in a 
comprehensive watershed plan prepared by the 
Commission in 1966.2 The present system plan
ning effort represents a refinement of that earlier 
study. 

Overview of the Study Area 
The North Branch of the Root River sub
watershed is located largely within southwestern 
Milwaukee County, with small portions extend
ing into southeastern Waukesha County and 
northern Racine County. The subwatershed 
includes all or portions of the Cities of Franklin, 
Greenfield, Milwaukee, Muskego, New Berlin, 
Oak Creek, and West Allis; the Villages of 
Greendale and Hales Corners; and the Towns of 
Norway and Raymond. From its origin near the 
intersection of Sunny Slope Road and Ferguson 
Road in the City of New Berlin, the North 
Branch of the Root River flows in a generally 
southerly direction for a distance of about 17.6 
miles to the confluence with the Root River Canal 
in the City of Franklin to form the Root River. 
The North Branch of the Root River drains an 
area of about 60.92 square miles, as shown on 
Map 75. The extent of the subwatershed area 
within each minor civil division involved is given 
in Table 40. 

2See SEWRPC Planning Report No.9, A Com
prehensive Plan for the Root River Watershed, 
July 1966 .. 
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Table 40 

AREAL EXTENT OF CIVIL DIVISIONS IN THE 
NORTH BRANCH ROOT RIVER SUBWATERSHED 

County or Civil 
Division Area Percent of 

Included Within Subwatershed Area 
County or Subwatershed Within County or 

Civil Division (square miles) Civil Division 

Milwaukee County 

City 
Franklin 26.92 44.3 
Greenfield 6.22 10.2 
Milwaukee 1.48 2.4 
Oak Creek 0.05 0.1 
West Allis 2.98 4.9 

Village 
Greendale 5.45 8.9 
Hales Corners 3.24 5.3 

Racine County 

Town 
Norway 0.07 0.1 
Raymond 1.29 2.1 

Waukesha County 

City 
Muskego 3.84 6.3 
New Berlin 9.38 15.4 

Total 60.92 100.0 

Source: SEWRPC. 

More specifically, from its orlgm near the 
intersection of Sunny Slope and Ferguson Roads 
in the City of New Berlin, the North Branch of 
the Root River flows in an easterly direction to 
W. Lincoln Avenue in the City of West Allis, a 
distance of about 1.1 miles; thence southerly for 
about 2.4 miles to W. Beloit Road in the City of 
Greenfield; thence southeasterly for about 3.1 
miles to W. Grange Avenue in the Village of 
Greendale; thence southerly for about 1.0 mile to 
W. College Avenue; thence southeasterly for 
about 3.3 miles to W. Rawson Avenue in the City 
of Franklin; and thence southerly for about 6.7 
miles to its confluence with the Root River Canal 
to form the Root River. Of the 17.6-mile reach 
described, 15.6 miles, or 89 percent, are classified 
as perennial; the remaining 2.0 miles, or 11 per
cent, are classified as intermittent. The entire 
perennial stream length, as well as 0.9 mile of 
intermittent stream extending to W. Lincoln 
Avenue, is recommended for District jurisdiction 
in the policy plan companion to this system plan. 

As already noted, hydrologic and hydraulic 
analyses were also made and flood control 
alternatives evaluated under this system plan
ning effort for Hale Creek, a tributary to the 
North Branch of the Root River. A history of 
flood damage problems, as well as plans by the 
City of West Allis to widen and deepen this 
tributary, required that this stream be included 
in the system planning effort, since any flood 
control measures carried out along this stream 
could impact on flood flows and stages and 
recommended flood control measures along the 
North Branch of the Root River. Hale Creek is 
classified as an intermittent stream, with its 
origin at a storm sewer outfall near the intersec
tion of S. 111th Street and W. Lincoln Avenue in 
the City of West Allis. From this outfall, Hale 
Creek flows in a generally southwesterly direc
tion for about 1.0 mile to its confluence with the 
North Branch of the Root River. 

In 1985, about 42 percent of the North Branch of 
the Root River subwatershed was developed for 
urban use, including residential, commercial, 
institutional, and urban open space uses. Most of 
the developed land, about 59 percent, is concen
trated in the northern portion of the subwa
tershed in the Cities of Greenfield, Milwaukee, 
and West Allis, and the Villages of Greendale 
and Hales Corners. The developed areas of the 
subwatershed are generally provided with a full 
range of municipal street improvements, includ
ing paved streets with curbs and gutters and 
attendant storm sewers. Accordingly, surface 
runoff is generally conveyed quickly from most 
individual sites through storm sewers to the 
North Branch ofthe Root River. 

Information on certain pertinent characteristics 
of the watershed, such as hydrologic soil types, 
land slopes, and land use, appears in Chapter II 
of this report. The planned land use conditions 
utilized in the system planning effort assume 
that the watershed will be about 80 percent 
urbanized by the design year of the system plan. 
The remaining rural lands are proposed to be 
located in the southern portion of the sub
watershed in the City of Franklin and in 
Racine County. 

The North' Branch of the Root River remains 
largely unimproved and is incorporated into a 
parkway along its entire 8.92-mile length 
between W. Lincoln Avenue in the City of West 
Allis and W. Rawson Avenue in the City of 
Franklin. Of the remaining 6.7 miles of stream, 
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all but 1.2 miles flow through open park and 
institutional lands owned by Milwaukee County. 
In addition to providing a natural environmen t 
in an urban setting, these open parkway, park, 
and institutional lands provide temporary stor
age for floodwaters, thus reducing peak flood 
discharges. 

Flooding and Related Drainage Problems 
Flooding, in various degrees, is a common 
occurrence along the North Branch of the Root 
River. As indicated on Map 76, most of the 
structural flood damages are concentrated along 
two reaches: between W. Forest Home Avenue 
and W. Layton Avenue in the City of Greenfield; 
and between W. National Avenue and W. Lincoln 
Avenue in the City of West Allis. Both of these 
reaches are located in relatively narrow parkway 
lands and serve to illustrate the consequences of 
allowing urban development to take place too 
close to a major stream channel. Structure 
damages due to overland flooding have been 
more severe along the City of Greenfield reach, 
with several homes having experienced first-floor 
flooding. Flooding along the North Branch ofthe 
Root River in the City of West Allis is also 
common. Mr. Arthur D. Kastner, a citizen mem
ber of the Advisory Committee who lives along 
the Root River Parkway, stated that inundation 
of the Root River Parkway Drive north of 
W. National Avenue occurs an average of four 
times a year. Although such flooding is a 
nuisance to those people who rely on the Park
way Drive for access their homes, the majority 
of the monetary damages along this reach have 
been due to basement flooding caused by sani
tary sewer backups. A survey conducted by the 
Regional Planning Commission after the 
April 21, 1973, flood indicated that, of 190 
structures surveyed, 122 experienced basement 
flooding, while only one experienced first floor 
flooding. For 79, or 65 percent, of the 122 
structures that experienced basement flooding, 
the flooding was attributed to sanitary sewer 
backup, with the flooding of the remainder being 
attributed to a combination of sanitary sewer 
backup, seepage through cracks in basement 
walls, and overland flow. Recent rehabilitation of 
the sanitary sewer system in the City of West 
Allis, including elimination of four lift station 
overflows and construction of the Root River 
interceptor sewer, has relieved the problem of 
sanitary sewer backups in the Root River water
shed portion of West Allis. 
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Another storm water drainage problem in the 
City of West Allis concerns the construction of 
storm sewers which have been design ed t o 
discharge to the North Branch of the Root River 



and Hale Creek with invert elevations below the 
existing streambeds. These sewers were con
structed under the assumption that major chan
nel modifications, including lowering of the 
streambed, would be carried out along these two 
stream reaches. These storm sewers operate with 
either partially blocked or negatively sloped 
outfalls, thus reducing their effective conveyance 
capacity and resulting in poor drainage and 
street and structure flooding in areas away from 
the stream channels. Frequent surcharging of the 
storm sewer system discharging to Hale Creek at 
W. Lincoln Avenue and S. ll1th Street has been 
documented by the City of West Allis engineering 
department. The storm sewer outfall at this 
location consists of a reinforced concrete box 
culvert 6.5 feet wide by 4.0 feet high carrying 
runoff from about 170 acres of high-density 
residential development located north of 
W. Lincoln Avenue. Since this outfall was con
structed with an invert elevation about two feet 
below the existing streambed, only one-half of its 
intended conveyance area is available. This has 
resulted in surcharging of the tributary storm 
sewers and flooding of residential streets several 
times a year. Investigations conducted under this 
system planning effort revealed six storm sewer 
outfalls-three on the North Branch of the Root 
River and three on Hale Creek-with inverts 
located below the existing streambed. These 
outfalls are shown on Map 77 and in Figure 33. 

The costs of flooding were estimated using 
damage cost curves prepared by the Regional 
Planning Commission and described in Chap
ter III. The dollar amount of the flood damages 
is based upon the depth of inundation and the 
assessed valuation-required by law to approxi
mate full market value-of the building. Dam
ages to building contents are included in the 
total costs. 

Flooding, as defined herein, includes basement 
flooding, yard inundation, and flooding above 
the first-floor level. The number of existing 
residences that may be expected to experience 
direct flooding along the North Branch of the 
Root River and Hale Creek is given in Table 41. 

Additional homes and commercial properties 
may, however, experience indirect flood damages 
through sanitary sewer backup. It should be 
noted that the flood control measures considered 
under this system plan are primarily intended to 
alleviate flood damages from direct overland 

flooding along the stream studied, as well as to 
provide an adequate outlet for local storm sewers 
and drainageways. These measures, although not 
specifically designed to do so, may be expected to 
reduce damages due to localized stormwater 
drainage problems or sanitary sewer backups. 

The total average annual flood losses, together 
with such losses anticipated under a 100-year 
recurrence interval flood event, are listed in 
Table 42 for the North Branch of the Root River 
and Hale Creek. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
of the related roadway. Based on these criteria, 
14 bridges on the North Branch of the Root 
River and 'one bridge on Hale Creek are consid
ered hydraulically inadequate, as shown in 
Appendix E. These bridges are at W. Drexel 
Avenue; W. Rawson Avenue; S. 76th Street; W. 
Layton Avenue; W. Cold Spring Road; S. l08th 
Street; W. Beloit Road; W. Morgan Avenue; S. 
116th Street; W. Oklahoma Avenue; W. Cleve
land Avenue; the Root River Parkway drives at 
River Miles 33.96, 37.39, and 41.95 on the North 
Branch of the Root River; and W. Cleveland 
Avenue on Hale Creek. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for development of design 
discharges for the North Branch of the Root 
River simulates streamflow on a continuous 
basis, using recorded climatological data as 
input. Using this model, stream discharges were 
computed at an hourly time interval. Peak flood 
discharges were developed by performing 
discharge-frequency analyses using the log 
Pearson Type III method of analysis of simu
lated annual peak discharges generated by the 
hydrologic model. Because of the urbanized 
nature of the northern portion of the subwa
tershed, and its attendant rapid conveyance of 
runoff through storm sewers, it was suspected 
that the time of peak discharge on the stream 
was very short and may have been missed in the 
analysis utilizing an hourly time interval. 
Additional simulations were performed, there
fore, using a l5-minute time interval and design 
rainfall events as input. The use of design 
rainfall events was necessary because the time 
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and cost of simulating continuous streamflow at 
15-minute intervals for the 39 years of available 
climatological data would be prohibitive. 

The design rainfall events were developed using 
10-, 50-, and 100-year rainfall volumes obtained 
from the point rainfall depth-duration-frequency 
relationships developed by the Commission as 
described in Chapter III. The rainfall distribu
tion utilized for each design storm was the 
median distribution of a first-quartile storm, as 
shown in Chapter III. The design storm duration 
was determined for a given recurrence interval 
by simulating the peak discharge at a given 
location for a range of storm durations. The 
storm duration and associated rainfall volume 
which produced the largest peak discharge at a 
given location for a given recurrence interval 
was selected as the design storm for that 
location. This analysis was conducted for both 
existing and planned land use and existing 
channel conditions at 11 locations along the 
North Branch of the Root River and at two 
locations along Hale Creek. The estimated peak 
flood discharges under existing and planned, 
year 2000 land use conditions and existing 
channel conditions are set forth in Table 43. The 
reduction in flows in a downstream direction is 
due to storage effects in the Root River Parkway. 

A comparison of peak flood discharges devel
oped under this system planning effort and 
those developed under the Commission's Root 
River watershed study is provided in Table 44. 
As shown in this table, the revised flows are 
generally higher. The differences are due, in 
part, to the use of different simulation models for 
the development of flood discharges. As pre
viously noted, the HydroComp hydrologic model 
was used to develop flows under this system 
planning effort, while the U. S. Soil Conserva
tion Service TR 20 hydrologic model was used to 
develop flows under the Root River watershed 
study. Although the use of different, properly 
calibrated models should not produce signifi
cant-greater than 20 percent-variations in 
calculated streamflows, some variation is to be 
expected. Very little recorded streamflow data 
were available for hydrologic model calibration 
on the North Branch of the Root River at the 
time of the Root River watershed study. A 
continuous recorder stage gage operated by the 
U. S. Geological Survey in cooperation with the 
Commission and the Milwaukee Metropolitan 
Sewerage District was installed on the North 
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Branch of the Root River at W. Ryan Road in 
1963. Thus, only two years of recorded stream
flow data were available for model calibration 
purposes at the time of the Root River watershed 
study. Therefore, that study had to rely heavily 
on recorded stage data available at Spring Street 
in the City of Racine, about 26 miles down
stream of the North Branch of the Root River, 
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Table 41 

STRUCTURE FLOODING ALONG THE NORTH BRANCH ROOT RIVER AND HALE CREEK 

Approximate Number 
of Existing 

Approximate Number Industrial and 
of Existing Commercial 

Homes Flooded Properties Flooded 

Existing Planned Existing Planned 
Recurrence Land Use Land Use Land Use Land Use 

Interval Existing Existing Existing Existing 
Stream Community (years) Channel Channel Channel Channel 

North Branch Franklin 10 1 1 2 2 
of the Root River 50 2 2 2 2 

100 2 2 2 2 

Greenfield 10 10 17 0 0 
50 35 39 0 0 

100 40 43 0 0 

West Allis 10 0 3 0 0 
50 6 8 0 0 

100 10 13 0 0 

Hale Creek West Allis 10 3 5 0 0 
50 7 9 8 9 

100 9 9 9 9 

Source: SEWRPC. 

Table 42 

ESTIMATED FLOOD DAMAGES ALONG THE NORTH BRANCH ROOT RIVER AND HALE CREEK 

100-Year 
Average Annual Recurrence Interval 
Flood Damage Flood Damage 

Existing Planned Existing Planned 
Land Use Land Use Land Use Land Use 
Existing Existing Existing Existing 

Stream Community Channel Channel Channel Channel 

North Branch of Franklin $ 7,600 $ 9,600 $ 63,000 $ 65,000 
the Root River 

Greenfield 25,000 45,000 395,000 465,000 

West Allis 3,000 5,500 76,000 95,000 

Hale Creek West Allis $22,000 $26,000 $ 595,000 $ 601,000 

Total - - $57,600 $86,100 $1,129,000 $1,226,000 

Source: SEWRPC. 
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Table 43 

FLOOD DISCHARGES FOR EXISTING AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cubic feet per second) 

Existing Land Use Year 2000 Planned 
Existing Channel Land Use, Existing 

River 
Location Mile 10-Year 

North Branch of the Root River 

Confluence with Root 
River Canal 25.66 2,650 

Upstream of W. Oakwood Road 26.69 2,400 

Upstream of W. Ryan Road 28.07 2,400 

Upstream of Confluence with 
East Branch of the Root River 30.15 2,500 

Upstream of W. Drexel Avenue 30.94 2,600 

W. Rawson Avenue 32.37 2,700 

Upstream of Confluence 
with Tess Corners Creek 35.58 1,740 

W. Forest Home Avenue 37.67 1,720 

W. Cold Spring Road 39.17 1,570 

W. National Avenue 40.97 970 

Upstream of Confluence 
with Hale Creek 41.25 580 

Hale Creek 

Mouth at North Branch 
of Root River 0.00 810 

Upstream of W. 
Cleveland Avenue 0.31 300 

Source: SEWRPC. 

for model calibration. Twenty-three years of 
streamflow data recorded at the W. Ryan Road 
gage were available for model calibration pur
poses under this system planning effort. Finally, 
the most significant reason for these differences 
was the simulation under this study of dis
charges utilizing a I5-minute time interval. Use 

Conditions Channel Conditions 

50-Year 100-Year 10-Year 50-Year 100-Year 

4,200 4,800 2,850 4,450 4,900 

3,800 4,500 2,600 4,000 4,650 

3,900 4,600 2,600 4,100 4,800 

4,100 4,950 2,650 4,250 5,100 

4,200 5,000 2,800 4,300 5,150 

4,400 5,300 2,900 4,600 5,450 

2,700 3,160 1,950 2,910 3,350 

3,240 3,830 2,160 3,720 4,280 

2,790 3,230 1,800 3,000 3,500 

1,570 1,850 1,050 1,780 2,000 

1,090 1,230 710 1,260 1,410 

1,250 1,430 940 1,420 1,520 

530 580 300 530 580 

of this shorter time interval-compared to use of 
a one-hour interval-resulted in a more accurate 
representation of the runoff hydrograph and 
generally higher peak discharges. Discharges 
used in the Root River watershed plan were 
developed using a one-hour time interval, as was 
done under the Root River watershed study. 
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Table 44 

COMPARISON OF PLANNED LAND USE AND EXISTING CHANNEL CONDITION 
FLOOD FLOWS: ROOT RIVER WATERSHED STUDY AND MMSD SYSTEM PLAN 

100-Year Recurrence Interval 
Flood Discharge (cubic feet per second) 

River Root River MMSD Percent 
Location Mile Watershed Study System Plan Change 

Upstream of W. Ryan Road 28.07 6,500 4,800 -26 

W. Drexel Avenue 30.89 5,370 5,150 -4 

W. Rawson Avenue 32.37 5,135 5,450 6 

W. College Avenue 35.66 2,930 3,350 14 

W. Forest Home Avenue 37.67 3,660 4,280 17 

W. Cold Spring Road 39.17 3,075 3,500 14 

W. Morgan Avenue 40.38 3,010 3,500 16 

W. National Avenue 40.97 2,050a 2,000 -2 

aA value of 2,975 cfs for this location is listed in the Commission's Root River watershed study but includes runoff 
from the West Branch of the Root River. At the time of that study this tributary discharged to the North Branch of 
the Root River upstream of W. National Avenue. As part of the reconstruction of W. National Avenue, that tributary 
was relocated so that it now discharges downstream of W. National Avenue. Accordingly, the flow was adjusted to 
provide a valid comparison. 

Source: SEWRPC. 

Nevertheless, the flows developed under the two 
studies compare well, falling with but one 
exception within less than 17 percent of 
each other. 

Flood stage profiles were developed for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 16.5-mile-Iong reach of the North 
Branch of the Root River recommended for 
District jurisdiction and the 0.99-mile-Iong reach 
of Hale Creek, constitute a graphic representa
tion of the flood stages under the specified 
recurrence interval flood discharges, and under 
planned land use and existing channel condi
tions. In addition to providing an overall repre
sentation of flood stages relative to familiar 
points of reference, such as the channel bottom 
and bridge deck surfaces, the profiles, because of 
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their continuity, permit the determination of 
flood stages at any point along the stream 
channel. The flood profile for the North Branch 
of the Root River is shown in Figure 34, and the 
flood profile for Hale Creek is shown in Fig
ure 35. The extent of the 100-year recurrence 
interval floodplain under planned land use 
conditions is shown on Map 78 for both the 
North Branch of the Root River and Hale Creek. 

Overview of Previous Commission-Developed 
Alternative Flood Control and Related Drainage 
System Plans for the North Branch of the Root 
River and Hale Creek in the City of West Allis 
The Regional Planning Commission had pre
viously evaluated flood control alternatives for 
the North Branch of the Root River and Hale 
Creek in the City of West Allis, with the findings 
of that study presented in a January 2, 1974, 
letter report from the Commission to the Milwau-



kee County Board of Supervisors.3 Eight flood 
control alternatives were developed under that 
previous study: 1) no action; 2) major channeli
zation; 3) structure floodproofing; 4) earthen 
dikes; 5) selected bridge replacement; 6) minor 
channel clearing, deepening, widening, and 
shaping; 7) floodwater storage; and 8) major 
channelization-structure flood proofing compos
ite. Of these eight alternatives, three were 
recommended for further consideration: 1) the 
major channelization alternative; 2) the structure 
floodproofing alternative; and 3) the major 
channelization-structure floodproofing composite 
alternative. The other five alternatives were 
eliminated from further consideration for various 
reasons. The no action alternative would do 
nothing to eliminate structure flood damages. 
The selected bridge replacement alternative and 
the minor channel clearing, deepening, widening, 
and shaping alternative would also do little to 
reduce structure flood damages. The floodwater 
storage alternative was eliminated from further 
consideration since it, too, would entail residual 
structure flood damages. Finally, the earthen 
dikes alternative was eliminated because the 
dikes would have a severe adverse impact on the 
aesthetic appearance of the Root River Parkway. 
The three flood control alternatives recom
mended for further consideration were found to 
have similar benefit-cost ratios. All three of these 
alternatives would eliminate anticipated struc
ture damages from floods up to and including the 
100-year recurrence interval event. 

The flood control alternatives evaluated under 
this system planning effort represent a refine
ment of the three alternatives recommended for 
consideration under the previous study. 

Alternative Flood Control and Related 
Drainage System Plans for the Root River 
and Hale Creek in the City of West Allis 
Four alternative flood control plans were consid
ered and evaluated for alleviating the flood 
damage problems along the Root River and Hale 
Creek in the City of West Allis: Alternative 
Plan 1-NQ Action; Alternative Plan 2-Struc-

3See SEWRPC Letter Report to Milwaukee 
County Board of Supervisors concerning a 
reevaluation of the adopted Root River watershed 
plan for the Root River and Hale Creek in the 
City of West Allis, January 2, 1974. 

ture Floodproofing, Elevation, and Removal with 
Storm water Pumping; Alternative Plan 3-
Structure Floodproofing, Elevation, and Removal 
with Minor Channel Deepening; and Alternative 
Plan 4-Major Channel Modification. 

Both a detention storage and a diking alterna
tive were considered but were not evaluated in 
detail under this system planning effort. Prelimi
nary investigation of possible detention reser
voir sites indicated only one available site 
remaining in the City of West Allis, that being 
along Hale Creek between W. Cleveland and W. 
Lincoln Avenues, east of Nathan Hale High 
School, as shown on Map 79. This site had also 
been evaluated under the aforenoted Commis
sion flood control study for the City of West 
Allis. Urban development which has occurred in 
this area since 1974 has further reduced the 
floodwater storage capacity to about 110 acre
feet. An estimated 390 acre-feet of storage would 
be required to significantly reduce downstream 
flood damages in the City of West Allis. This 
alternative was therefore eliminated from fur
ther consideration. 

Preliminary investigations of a diking alterna
tive revealed that about 6,900 feet of earthen 
dikes ranging in height from four to eight feet, 
and about 800 feet of concrete floodwall ranging 
in height from seven to eight feet, would be 
required along the Root River main stem, at an 
estimated cost of $1,073,000. An additional 7,000 
feet of earthen dikes ranging in height from five 
feet to seven feet and about 900 feet of concrete 
floodwalls ranging in height from six to seven 
feet would be required along Hale Creek, at an 
estimated cost of $1,078,000. Storm water drain
age facilities, including stormwater pumping 
stations, which would be required to adequately 
convey runoff from behind these dikes and 
floodwalls, as well as to relieve those storm 
sewers with outfalls below the existing channel 
bottom, would cost in excess of $5,000,000. Due 
to the severe adverse aesthetic impact of dikes 
and floodwalls up to eight feet in height along 
these streams, as well as to the relatively high 
cost, this alternative was also eliminated from 
further consideration. 

Each of the four alternatives evaluated further 
is described below. The estimated economic 
benefits and costs attendant to each alternative 
are provided in Table 45. 
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Alternative I-No Action : One alternative 
course of action for addressing the flood problem 
along the North Branch of the Root River and 
Hale Creek in the City of West Allis is to do 
nothing-that is, to recognize the inevitability of 
extensive flooding but to deliberately decide not 
to mount a collective, coordinated program to 
abate the flood damages. Under 1985 land use 
and existing channel conditions, the average 
annual flood damages along these two streams 
would approximate $25,000. The damages from 
a 100-year recurrence interval flood may be 
expected to approximate $671,000. Under 
planned, year 2000 land use and existing channel 
conditions, the average annual flood damages 
along these two streams would approximate 
$31,500. The damages from a 100-year recurrence 
interval flood may be expected to approximate 
$696,000. There are no monetary benefits asso
ciated with this alternative. The average annual 
cost would be equivalent to the average of the 
annual flood damage costs under existing and 
planned land use conditions, or $28,250. 

Alternative 2-Structure Floodproofing, Eleva
tion, and Removal with Storm water Pumping: A 
structure floodproofing, elevation, and removal 
alternative was evaluated to determine if such a 
structure-by-structure approach would be a 
technically feasible and economically viable 
solution to the flood problem along the North 
Branch of the Root River and Hale Creek in the 
City of West Allis. The 100-year recurrence 
interval flood stage under planned, year 2000 
land use and existing channel conditions was 
used to estimate the number of existing struc
tures to be floodproofed, elevated, or removed 
and the approximate costs involved. 

In the case of residential structures, floodproof
ing 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 and 
flood proofing the basement was less than the 
estimated removal cost. Structures to be elevated 
were assumed to have the first floor raised to an 
elevation at least two feet above the 100-year 
recurrence interval flood stage to provide ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures that would have to be elevated more 
than four feet were considered for removal. 
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Table 45 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR THE 
NORTH BRANCH ROOT RIVER AND HALE CREEK IN THE CITY OF WEST ALLIS 

Costs Benefit-Cost Analvsls 

Annual Annual 
Benefits Economic 

Alternative Minus Benefit- Ratio 
Amortized Operation and Annual Annual Cost Greater 

Name Description Capital Capltala Maintenance Other Total BenefilS Costs Ratio than One 

1-NoAction -- $ 0 $ 0 $ 0 $28,250 $ 28,250 $ 0 $ -28,750 -- No 

2-Structure Floodproofing, Floodproof 29 $ 377,000 $301,600 $24,000 $ -- $325,600 $28,250 $-297,350 0.1 No 
Elevation, and Removal structures 
with Stormwater Pumping Elevate one 30,000 

structure 
Remove one 90,000 
structure 

Four stormwater 4,260,000 
pumping stations 

Subtotal $4,757,000 

3-Structure Floodproofing, 2.6 miles of $1,134,000 $ 89,200 $ 5,100 $ -- $ 94,300 $28,250 $ -66,050 0.3 No 
Elevation, and Removal channel 
with Minor Channel modification 
Deepening Replace four 118,ooob 

bridges 
Floodproof 14 65,000 
structures 

Remove one 90,000 
structure 

Subtotal $1,407,000 

4-Major Channel 4.6 miles of $5,806,000 $430,800 $18,700 $ -- $449,500 $28,250 $-421,250 0.1 No 
Modification channel 

modification 
Replace seven 915,Ooob 
bridges 

1,700 feet of 74,000 
earthen dikes 

Subtotal $6,795,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

bCosts for bridges at W. Beloit Road and W. Cleveland Avenue on the North Branch of the Root River and W. Cleveland Avenue on Hale Creek were previously assigned under 
the Commission's adopted regional transportation system plan. 

Source: SEWRPC. 

Floodproofing was considered 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 the 
water over the first floor. 

As indicated on Map 80, of the 31 structures 
which may be expected to incur flood damage, 
29 would have to be floodproofed, one would 
have to be elevated, and one would have to be' 
removed. Future damage from floods up to and 
including the 100-year recurrence interval event 
would be virtually eliminated. 
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In addition to these floodproofing measures, this 
alternative includes the installation of four 
permanent storm water pumping stations. These 
would be provided in order to relieve storm 
sewers that were constructed with outlet inverts 
at elevations below the existing channel bottom. 
These sewers include the following: 1) a 15-inch 
storm sewer on the west side of the North 
Branch ofthe Root River at W. National Avenue; 
2) a 36-inch storm sewer on the west side of the 
North Branch of the Root River at W. Cleveland 
Avenue; 3) a 48-inch storm sewer on the west 
side of Hale Creek about 0.15 mile north of 
W. Cleveland Avenue; and 4) a 6.5-foot-wide by 



4-foot-high storm sewer box culvert discharging 
to Hale Creek at W_ Lincoln Avenue_ 

Assuming that the structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $325,600. This cost consists of the 
amortization of the $4,757,000 capital cost
$377,000 for floodproofing, $30,000 for structure 
elevation, $90,000 for structure removal, and 
$4,260,000 for four pumping stations-and 
$24,000 in annual operation and maintenance 
costs. The average annual flood damage abate
ment benefit is estimated at $28,250, yielding a 
benefit-cost ratio of 0.1. 

Alternative Plan 3-Structure Floodproofing, 
Elevation, and Removal with Minor Channel 
Deepening: This alternative system plan is 
shown on Map 81 and consists of lowering the 
streambed along the North Branch of the Root 
River and Hale Creek to accommodate the 
inverts of the existing storm sewer outlets with 
outlet invert elevations below the existing 
channel bottom. This deepening would be 
required along the 1.57 -mile-long reach of the 
North Branch of the Root River between W. 
Morgan Avenue and the Parkway Drive bridge 
at River Mile 41.95, with the channel bottom 
being lowered up to 4.2 feet; and along the entire 
length of Hale Creek, with the channel bottom 
being lowered up to 2.6 feet. The proposed 
channel along the North Branch of the Root 
River would have a bottom width of 10 feet 
between W. Morgan Avenue and the confluence 
with Hale Creek, and a bottom width of eight 
feet between the confluence with Hale Creek and 
the Parkway Drive, while the proposed channel 
along Hale Creek would have a bottom width of 
eight feet . The proposed channel would have side 
slopes of one on three and would have a riprap 
lining to an elevation of two feet above the 
channel bottom, with the remainder being turf
lined. In order to accommodate the channel 
deepening, it would be necessary to replace the 
bridges at S. 116th Street and W. Cleveland 
Avenue and a pedestrian bridge at River Mile 
41.12 on the North Branch ofthe Root River, and 
the W. Cleveland Avenue bridge on Hale Creek. 
Replacement of the Parkway Drive bridge on 
Hale Creek was not included in this plan as this 
bridge is scheduled for replacement by Mil
wa ukee County in 1988 for transportation 
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improvement purposes and would be designed to 
accommodate a lowered channel in vert. No costs 
were assigned to the two W. Cleveland Avenue 
bridge replacements, as those costs were 
assigned under the Commission's adopted 
regional transportation plan. 

Inundation of lands along the North Branch of 
the Root River and Hale Creek would continue, 
although the frequency and severity of such 
inundation would be reduced. As a result of the 
proposed channel modifications and bridge 
replacement, no structures along the North 
Branch of the Root River, and only two struc· 
tures along Hale Creek in the City of West Allis, 
would be e.Xpected to incur flood damages from 
a 10-year recurrence interval event under 
planned land use conditions; only 15 structures 
would be expected to incur flood damages from 
a 100-year recurrence interval event under 
planned land use conditions. Of these 15 struc
tures, it is recommended that 14 be floodproofed 
and that one be removed. 

Assuming that the structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $94,300. This cost consists of the 
amortization of the $1,407,000 capital cost
$1,134,000 for channel modification; $118,000 for 
bridge replacement; $65,000 for structure flood
proofing; and $90,000 for structure removal-and 
$5,100 in annual operation and maintenance 
costs. The average annual flood damage abate
ment benefit is estimated at $28,250, yielding a 
benefit-cost ratio of 0.30. 

Alternative 4-Maior Channel Modification: 
This alternative flood control plan is shown on 
Map 82 and consists of widening and deepening, 
with some realignment, of the channel along a 
3.56-mile-long reach of the North Branch of the 
Root River between W. Layton Avenue and W. 
Lincoln Avenue, and along the entire 0.99-mile
long reach of Hale Creek. Along the North 
Branch of the Root River the channel would be 
lowered up to 8.3 feet, with the resulting channel 
having a bottom width of 10 feet and side slopes 
of one on four between W. Layton Avenue and 
the confluence with Hale Creek, and a bottom 
width of eight feet and side slopes of one on four 
between Hale Creek and W. Lincoln Avenue. The 
entire channel would be lined with riprap up to 
an elevation of two feet above the channel 
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bottom, with the remainder being turf-lined. A 
1,000-foot-long reach of channel downstream of 
S. 108th Street would be realigned so as to match 
an existing bridge constructed by Milwaukee 
County in 1968 and intended to carry a planned 
parkway drive. This bridge was constructed 
about 100 feet east of the existing channel in 
anticipation of major channel modifications 
along the North Branch of the Root River. Some 
minor realignment of the channel of the North 
Branch of the Root River may also be necessary 
for the reach upstream of W. National Avenue 
in order to accommodate the proposed channel 
within the existing parkway. 

Along Hale Creek the channel would be rea
ligned so as to match a proposed drainage right
of-way as shown on City of West Allis sewer 
system maps. The channel would be lowered up 
to 6.8 feet, with the resulting channel having a 
bottom width of eight feet and side slopes of one 
on four between the confluence with the North 
Branch of the Root River and River Mile 0.70, 
and a bottom width of six feet and side slopes 
of one on four between River Mile 0.70 and W. 
Lincoln Avenue. The entire channel would be 
lined with riprap up to an elevation of two feet 
above the channel bottom, with the remainder 
being turf-lined. 

In addition to the proposed channel modifica
tion, this alternative includes the replacement of 
six bridges on the North Branch of the Root 
River and one bridge on Hale Creek. These 
bridges are those at W. Cold Spring Road, 
W. Beloit Road, W. Morgan Avenue, S. 116th 
Street, and W. Cleveland Avenue, and a pedes
trian bridge over the North Branch of the Root 
River at River Mile 41.12; and the bridge at 
W. Cleveland Avenue over Hale Creek. It 
was assumed that these bridges would be 
replaced with clear-span structures. Replacement 
of the Parkway Drive bridge over Hale Creek 
was not included in this alternative as that 
bridge is scheduled for replacement by Milwau
kee County in 1988 for transportation improve
ment purposes and would be designed to 
accommodate the proposed channel invert and 
realignment. Also, no costs were assigned for the 
bridge replacements at W. Beloit Road and 
W. Cleveland Avenue on the North Branch of 
the Root River and at W. Cleveland Avenue on 
Hale Creek as those costs were assigned under 
the Commission's adopted regional transporta
tion system plan. 
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Finally, this alternative includes the construction 
of about 1,700 feet of earthen dike along the west 
side of the North Branch of the Root River 
upstream of W. National Avenue. This dike is 
intended to prevent street and yard inundation 
in the residential area located west of the 
parkway. The proposed dike would average four 

255 



feet in height and would be designed to contain 
the 100-year recurrence interval flood discharge 
under planned land use conditions with two feet 
of freeboard. As this dike is intended only to 
prevent minor inundation of residential yards 
and Parkway Drive and is not required to 
prevent structure damages, it was deemed unnec
essary to use three feet of freeboard as required 
by the Federal Emergency Management Agency. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
up to and including the 100-year recurrence 
interval event under planned land use conditions. 

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 $449,500. This cost consists of the 
amortization of the $6,795,000 capital cost
$5,806,000 for channel modification, $915,000 for 
bridge replacement, $74,000 for dikes-and 
$18,700 in annual operation and maintenance 
costs. The average annual flood abatement 
benefit is estimated at $28,250, yielding a 
benefit-cost ratio of about 0.1. 

Evaluation of Flood Control Alternatives 
for the North Branch ofthe Root River 
and Hale Creek in the City of West Allis 
The principal features of, and the costs and 
benefits associated with, each of the floodland 
management alternatives considered for the 
North Branch of the Root River and Hale Creek 
in the City of West Allis have been summarized 
in Table 45. All of the alternatives considered 
were found to be technically feasible. None of the 
alternatives, however, were found to have a 
benefit-cost ratio of one or more. The "no action" 
alternative, while offering the lowest cost, does 
nothing to alleviate the flood problem, and 
therefore does not represent a publicly accept
able approach. 

Alternative 2-Structure Floodproofing, Eleva
tion, and Removal with Storm water Pumping
presents several problems in implementation. 
First, complete implementation of a voluntary 
structure flood proofing and elevation program is 
unlikely; and with partial implementation, the 
City of West Allis would be left with a residual 
problem whenever a major flood event occurred. 
Also, yard damages and cleanup costs would 
remain under this alternative. The high cost of 
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the pumping facilities also makes this alterna
tive unattractive. A desirable feature of this 
alternative is that it would provide relief for 
those storm sewers that were constructed with 
outlet invert elevations below the existing 
channel bottom. These sewers operate with 
partially blocked or negative slope outlets, 
thereby reducing their effective conveyance 
capacity. This situation results in the potential 
for street and building flooding in areas away 
from the channel. It should be noted that if the 
structure flood proofing measures designed to 
alleviate damage due to overland flooding from 
the channel system were considered separately, 
this alternative would have the highest benefit
cost ratio, 0.90, of all the alternatives considered. 

Alternative 3-Structure Floodproofing, Eleva
tion, and Removal with Minor Channel Deepen
ing-also presents problems relating to 
implementation of the structure floodproofing 
measures. In addition, the proposed channel 
deepening and reshaping would serve to reduce 
the "natural" appearance of the present channel 
on the North Branch of the Root River, as well 
as to increase downstream flood discharges and 
stages. The 100-year flood discharge under 
planned land use conditions may be expected to 
increase by up to 11 percent downstream of 
W. Morgan Avenue as a result of the channel 
modification, with no increases anticipated, 
however, downstream of the confluence with the 
East Branch of the Root River. This increase in 
flood discharge would result in relatively small 
stage increases, with the largest increase being 
0.3 foot immediately downstream of W. Beloit 
Road. These higher flood stages would occur 
mostly on Milwaukee County parklands, 
although some private properties in the City of 
Greenfield would also be affected, requiring that 
proper legal arrangements be made with the 
affected property owners. This alternative 
would, however, provide an adequate outlet for 
those storm sewers with partially blocked or 
negatively sloped outfalls, and at a much lower 
cost than storm water pumping facilities. The 
larger, more hydraulically efficient channel 
should also reduce the frequency with which 
floodwaters inundate the Root River Parkway 
Drive upstream of W. National Avenue, 
although inundation during less frequent events 
would still occur. This alternative also presents 
the highest benefit-cost ratio of the alternatives 
considered-0.3. 



Alternative 4-Major Channel Modification
would also serve to eliminate structure damages 
from floods up to and including a 100-year 
recurrence interval event, as well as provide an 
adequate outlet for those storm sewers with 
partially blocked or negatively sloped outfalls. 
This alternative would also provide the greatest 
reduction in the frequency of yard and street 
flooding of all the alternatives considered, with 
the floodwaters being confined almost entirely to 
parkway lands under a 100-year recurrence 
interval event. This alternative would also serve 
to implement the Commission's adopted Root 
River watershed plan, which had considered 
these channel modifications committed. It would 
also be in conformance with the planned drain
age right-of-way for Hale Creek, which is shown 
on the City of West Allis sewer system maps. 
However, like Alternative 3, this alternative 
would have an impact on the "natural" appear
ance of the existing channel. This alternative 
would also produce the largest increase in 
downstream flood flows and stages of the four 
alternatives considered, with increases of up to 
13 percent in the 100-year recurrence interval 
flood discharge under planned land use condi
tions downstream of W. Layton Avenue. Again, 
no significant increase in flood flows would 
occur downstream of the confluence with the 
East Branch of the Root River. The largest 
attendant downstream stage increase would be 
about 0.5 foot and would occur approximately 
800 feet downstream of W. Layton Avenue. 
Finally, the high cost of this alternative relative 
to anticipated flood damages makes it economi
cally unattractive. By comparison, the cost of 
purchasing all of the flood-damage-prone struc
tures along the North Branch of the Root River 
and Hale Creek in the City of West Allis is about 
$3,702,000, or a little over one-half the cost of the 
major channel modifications. 

Alternative Flood Control and Related 
Drainage System Plans for the North Branch 
of the Root River in the City of Greenfield 
In order to reduce the number of combinations 
of flood control alternatives to be considered for 
the reach of the Root River through the City of 
Greenfield, it was assumed that Alternative 3, 
which calls for a combination of structure 
floodproofing, elevation, and removal plus minor 
channel deepening along the Root River and 
Hale Creek in the City of West Allis, would be 
implemented. Four alternative flood control 
plans were considered and evaluated for alleviat-

ing flood damage problems along the North 
Branch of the Root River through the City of 
Greenfield: 1) No Action; 2) Structure Floodproof
ing, Elevation, and Removal; 3) Major Channel 
Modification; and 4) Combination of Detention 
Storage and Structure Floodproofing, Elevation, 
and Removal. 

A fifth alternative-diking-was also considered 
but eliminated from further study. Preliminary 
investigations indicated that about 7,400 feet of 
earthen dike averaging eight feet in height would 
be required along the Root River between 
W. Forest Home Avenue and W. Layton Avenue. 
The cost of these dikes is estimated at $1,179,000. 
Stormwater drainage facilities, including storm
water pumping stations, which would be required 
to adequately convey runoff from behind these 
dikes would cost in excess of $2,000,000. Because 
of the severe adverse aesthetic impacts eight-foot
high dikes would have along the Root River 
Parkway Drive, as well as the high costs that 
would be incurred in providing stormwater 
drainage facilities adequate to accommodate 
localized runoff behind these dikes, this alterna
tive was not considered further. A diking alter
native had previously been analyzed as part of 
a 1983 study of flood control alternatives for the 
City of Greenfield by the U. S. Army Corps of 
Engineers.4 That study also concluded that 
diking would not be a cost-effective solution to 
the flood problems concerned. 

Each of the four alternatives evaluated is 
described below. The estimated economic benef
its and costs attendant to each alternative are 
provided in Table 46. 

Alternative I-No Action: One alternative 
course of action for addressing the flood problem 
along the North Branch of the Root River in the 
City of Greenfield is to do nothing-that is, to 
recognize the inevitability of extensive flooding 
but to deliberately decide not to mount a collec
tive, coordinated program to abate the flood 
damages. Under existing land use and existing 
channel conditions, the average annual flood 

4 U. S. Army Corps of Engineers, "Section 205 
Report on Flood Control on the Root River, at 
the City of Greenfield, Milwaukee County, 
Wisconsin," June 17,1983. 
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Table 46 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR 
THE NORTH BRANCH ROOT RIVER IN THE CITY OF GREENFIELD 

Costs Benefit-Cost Analysis 

Annual Annual 
Benefits Economic 

Alternative Minus Benefit- Ratio 
Amortized Operation and Annual Annual Cost Greater 

Name Description Capital Capitala Maintenance Other Total Benefits Costs Ratio than One 

I-No Action -- $ 0 $ 0 $ 0 $35,000 $ 35,000 $ 0 $ -35,000 -- No 

2-Structure Floodproofing, Floodproof 15 $ 69,000 $94,500 $ 0 $ -- $ 94,500 $35,000 $ -59,500 0_37 No 
Elevation, and Removal structures 

Elevate 17 563,000 
structures 

Remove nine 790,000 
structures 

Relocate two 68,000 
structures on lots 

Subtotal $1,490,000 

3-Major Channel 3.0 miles of $4,566,000 $391,000 $ 6,200 $ -- $397,200 $35,000 $-362,200 0.10 No 
Modification channel 

modification 
Replace five 1,600,OOOb 
bridges 

Subtotal $6,166,000 

4-Combination of Stormwater $ 800,000 $221,500 $30,000 $ -- $251,500 $35,000 $-216,500 0.14 No 
Detention Storage and detention basin 
Structure Floodproofing, Elevation of 144,000 
Elevation, and Removal w. Cold Spring 

Road 
Stormwater 1,688,000 
pumping station 

Floodproof 20 92,000 
structures 

Elevate 13 420,000 
structures 

Remove four 350,000 
structures 

Subtotal $3.494,000 

a Amortized capital cost is based on an interest rate of 6 parcent and a project life of 50 years. 

bCost for W. Layton Avenue bridge was previously assigned under the Commission's adopted regional transportation system plan. 

Source: SEWRPC. 

damages along the stream would approximate 
$25,000. The damages from a 100-year recurrence 
interval flood may be expected to approximate 
$395,000. Under planned, year 2000 land use and 
existing channel conditions, the average annual 
flood damages along the stream would approxi
mate $45,000. The damages from a 100-year 
recurrence interval flood may be expected to 
approximate $465,000. There are no monetary 
benefits associated with this alternative, and the 
average annual cost would be equivalent to the 
average of the existing and planned land use 
average annual flood damage costs, or $35,000. 
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Alternative 2-Structure Floodproofing, Eleva
tion, and Removal: A structure floodproofing, 
elevation, and removal alternative was evalu
ated to determine if such a structure-by-structure 
approach would be a technically feasible and 
economically viable solution to the flood problem 
along the North Branch of the Root River in the 
City of Greenfield. The 100-year recurrence 
interval flood stage under planned year 2000 
land use and planned channel conditions 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, floodproof
ing 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 and 
floodproofing the basement was less than the 
estimated removal cost_ Structures to be elevated 
were assumed to have the first floor raised to an 
elevation at least two feet above the 100-year 
recurrence interval flood stage to provide ade
quate freeboard_ For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures that would have to be elevated more 
than four feet were considered for removal. 

As shown on Map 83, of the 43 structures which 
may be expected to incur flood damage from a 
100-year recurrence interval flood, 15 would have 
to be floodproofed, 17 would have to be elevated, 
and 11 would have to be removed. Future 
damage from floods up to and including the 100-
year recurrence interval event would be virtually 
eliminated . Of the 11 structures requiring 
removal, two could be moved to new locations on 
their lots, beyond the limit of the 100-year 
recurrence interval floodplain, and subsequently 
resold. These homes are located along W. Root 
River Parkway north of W. Brookside Drive. It 
is assumed that the purchase price of these 
homes would be returned through resale, with 
the net cost being the cost of moving the homes 
on the lots. The remaining seven structures 
could not be relocated on their present lots as 
these lots are either too small or are located 
completely within the 100-year recurrence inter
val floodplain. It is possible, however, that those 
structures could be relocated to lots within the 
general vicinity but beyond the 100-year recur
rence interval floodplain. Such relocation would 
have to be considered on a site-specific basis, 
with the cost entailed depending on the purchase 
price of the new lot and the distance the house 
needs to be moved. 

A similar structure floodproofing and removal 
alternative was presented in the Commission's 
Root River watershed plan. Under that study, it 
was determined that 29 structures would incur 
damages from a 100-year recurrence interval 
flood. Of those 29 structures, it was recom
mended that six be floodproofed and that 23 be 
removed. The discrepancy in the number of 
houses concerned is due, in part, to the fact that 
seven houses have been constructed within the 
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100-year recurrence interval floodplain since the 
preparation of the Root River watershed plan, 
and in part to the availability of more detailed 
topographic information for this system plan, 
particularly the field-surveyed first-floor eleva
tions for homes along the parkway. 
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Assuming that these structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $94,500. This cost consists of the 
amortization of the $1,490,000 capital cost
$69,000 for floodproofing, $563,000 for structure 
elevation, $790,000 for structure removal, and 
$68,000 for structure relocation. The average 
annual flood damage abatement benefit is 
estimated at $35,000, yielding a benefit-cost ratio 
of 0.37. 

Alternative 3-Maior Channel Modification: 
This alternative system for the resolution of the 
flood problems along the North Branch of the 
Root River in the City of Greenfield is shown on 
Map 84. This plan consists of lowering the 
existing streambed along a 3.02-mile-long reach 
between W. College Avenue and the Rock Free
way (IH 43). Along this reach the stream bed 
would be lowered up to 6.4 feet, with the result
ing channel having a bottom width of 20 feet 
and side slopes of one on four. The entire 
channel would be lined with riprap to an eleva
tion two feet above the invert, with the remain
der being turf-lined. 

In addition to the channel modification, this 
alternative would require the replacement of five 
bridges. These bridges are located at W. College 
Avenue, W. Grange Avenue, S. 84th Street, 
the Parkway Drive at River Mile 37.39, and 
W. Layton Avenue. It was assumed that these 
bridges would be replaced with clear'span 
structures. It should be noted that no cost was 
assigned under this system plan for the replace
ment of the W. Layton Avenue bridge as that 
cost was assigned under the Commission's 
adopted regional transportation system plan. 

Implementation of this alternative would serve to 
eliminate structure flood damages from floods up 
to and including a 100-year recurrence interval 
event under planned land use conditions. 

Utilizing an annual interest rate of 6 percent 
and a project life and amortization period of 50 
years, the average annual cost ofthis alternative 
is estimated at $397,200. This cost consists of the 
amortization of the $6,166,000 capital cost
$4,566,000 for channel modification, and 
$1,600,000 for bridge replacement-and $6,200 in 
annual operation and maintenance costs. The 
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average annual flood abatement benefit is 
estimated at $35,000, resulting in a benefit-cost 
ratio of 0.1. 

Alternative 4-Combination of Detention Stor
age and Structure Floodproofing, Elevation, and 
Removal: This alternative flood control plan is 
shown on Map 85 and consists of constructing 
a stormwater detention basin along Milwaukee 
County Parkway lands between W. Layton 
Avenue and W. Cold Spring Road. This basin 
would be created by constructing about 1,050 feet 
of earthen dike along a northeast to southwest 
alignment, immediately upstream of the Rock 
Freeway (IH 43). This dike would have an 
average height of 12 feet with side slopes of one 
on three. Additional dikes would be required 
along the proposed Milwaukee Area Aquatic 
Park located along the southwest end of the 
detention basin. It would also be necessary to 
elevate about 1,650 feet of W. Cold Spring Road 
to at least two feet above the design pool 
elevation of 727.6 feet above National Geodetic 
Vertical Datum (NGVD). Outflow from the 
detention basin would be accommodated by two 



reinforced concrete box culverts, each being 
10 feet wide by 10 feet high. The entire detention 
basin would be located on lands currently owned 
by Milwaukee County with the exception of one 
residential property located along W. Layton 
Avenue. A stormwater pumping station would 
also be required to accommodate storm water 
runoff from the Aquatic Park, as well as lands 
located west of S. 108th Street. 

Construction of this detention basin would serve 
to eliminate flood damages to six existing 
structures during a 100-year recurrence interval 
event under planned land use conditions. Of the 
37 structures that would still be expected to 
sustain flood damages, 20 would have to be 
floodproofed, 13 would have to be elevated, and 
four would have to be removed. 

Implementation of this alternative would serve 
to eliminate structure flood damages along the 
North Branch of the Root River in the City of 
Greenfield for floods up to and including the 100-
year recurrence interval event under planned 
land use conditions. 

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 $251,500. This cost consists of the 
amortization of the $3,494,000 capital cost
$800,000 for the detention basin including land 
acquisition, $144,000 for elevation of W. Cold 
Spring Road, $1,688,000 for stormwater pump
ing, $92,000 for structure flood proofing, $420,000 
for structure elevation, and $350,000 for struc
ture removal-and $30,000 in annual operation 
and maintenance costs. The average annual 
flood abatement benefit is estimated at $35,000, 
resulting in a benefit-cost ratio of 0.14. 

Evaluation of Flood Control 
Alternatives for the North Branch 
of the Root River in the City of Greenfield 
The principal features of, and the costs and 
benefits associated with, each of the floodland 
management alternatives considered for the 
North Branch of the Root River in the City of 
Greenfield have been summarized in Table 46. 
All of the alternatives considered were found to 
be technically feasible. 

None of the alternatives were found to provide 
a benefit-cost ratio of one or more. The "no 
action" alternative, while offering the lowest 
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cost, does nothing to alleviate the flood problem, 
and therefore does not represent a sound 
approach to flood control. 
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Alternative 2-Structure Floodproofing, Eleva
tion, and Removal-presents several problems in 
implementation. First, complete implementation 
of a voluntary structure and elevation program 
is unlikely, and with partial implementation, the 
City of Greenfield would be left with a residual 
problem whenever a major flood event occurred. 
Also, yard damages and cleanup costs would 
remain under this alternative. 

Alternative 3-Major Channel Modification
would serve to eliminate structure flood damages 
while preserving all existing structures. Some 
homeowners along this stream reach have 
opposed removal of homes in the past. This 
alternative would, however, have a significant 
aesthetic impact on the channel, including the 
removal of a small lagoon located upstream of 
W. Forest Home Avenue. Also, problems may 
arise in implementation of this alternative, as 
Village of Greendale officials have, in the past, 
expressed opposition to channelization along the 
North Branch of the Root River in the Village 
of Greendale, as well as in the City of Greenfield. 
Finally, the high cost of this alternative makes 
it unattractive. 

Alternative 4-Combination of Detention Storage 
and Structure Floodproofing, Elevation, and 
Removal-would require the removal of only four 
structures. Also, construction of the detention 
basin would serve to reduce downstream flood 
flows and stages. Flood stages would increase, 
however, between W. Cold Spring Road and 
W. Morgan Avenue, although not enough to 
cause additional structure damages. 

Alternative Flood Control and Related 
Drainage System Plans for the North Branch 
of the Root River in the City of Franklin 
In order to reduce the number of combinations 
of flood control alternatives to be considered for 
this portion of the North Branch of the Root 
River, it was assumed that Alternative 3-
Structure Floodproofing, Elevation, and 
Removal with Minor Channel Deepening-and 
Alternative 2-Structure Floodproofing, Eleva
tion, and Removal-would be implemented to 
solve flood damage problems in the Cities of 
West Allis and Greenfield, respectively. Three 
alternative flood control plans were considered 
and evaluated for alleviating flood damage 
problems in the City of Franklin: 1) No Action; 
2) Structure Floodproofing, Elevation, and 
Removal; and 3) Major Channel Modification. 
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Each of the three alternatives is described below. 
The estimated economic benefits and costs 
attendant to each alternative are provided in 
Table 47. 

Alternative 1-No Action: One alternative 
course of action for addressing the flood problem 
along the North Branch of the Root River in the 
City of Franklin is to do nothing-that is, to 
recognize the inevitability of extensive flooding 
but to deliberately decide not to mount a collec
tive, coordinated program to abate the flood 
damages. Under existing land use and existing 
channel conditions, the average annual flood 
damages along the stream would approximate 
$7,600. The damages from a 100-year recurrence 
interval flood may be expected to approximate 
$63,000. Under planned year 2000 land use and 
existing channel conditions, the average annual 
flood damages along the stream would approxi
mate $9,600. The damages from a 100-year 
recurrence interval flood may be expected to 
approximate $65,000. There are no monetary 
benefits associated with this alternative, and the 
average annual cost would be equivalent to the 
average of the existing and planned land use 
average annual flood damage costs, or $8,600. 

Alternative 2-Structure Floodproofing, Eleva
tion, and Removal: A structure floodproofing, 
elevation, and removal alternative was evalu
ated to determine if such a structure-by-structure 
approach would be a technically feasible and 
economically viable solution to the flood problem 
along the North Branch of the Root River in the 
City of Franklin. The 100-year recurrence inter
val flood stage under planned, year 2000 land 
use and planned channel conditions was used to 
estimate the number of existing structures to be 
floodproofed, elevated, or removed and the 
approximate costs involved. 

In the case of residential structures, floodproof
ing 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 and 
flood proofing the basement was less than the 
estimated removal cost. Structures to be elevated 
were assumed to have the first floor raised to an 
elevation at least two feet above the 100-year 
recurrence interval flood stage to provide ade
quate freeboard. For aesthetic reasons, structure 



Table 47 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR 
THE NORTH BRANCH ROOT RIVER IN THE CITY OF FRANKLIN 

Costs Benefit-Cost Analysis 

Annual Annual 
Benefits Economic 

Alternative Minus Benefit- Ratio 
Amonized Operation and Annual Annual Cost Greater 

Name Description Capital Capitala Maintenance Other Total Benefits Costs Ratio than One 

I-No Action -- $ 0 $ 0 $ 0 $8,600 $ 8,600 $ 0 $ -8,600 -- No 

2-Structure Floodprooting, Floodproot threa $ 30,000 $ 3,800 $ 0 $ -- $ 3,800 $8,600 $ 4,800 2.26 Yes 
Elevation, and Removal structures 

Elevate one 30,000 
structure 

Subtotal $ 60,000 

3-Major Channel 0.8 mile of $800,000 $60,200 $1,700 $ -- $61,900 $8,600 $-53,300 0.14 No 
Modification channel 

modification 
Replace two 116,000 
bridges 

Floodproof four 33,000 
structures 

Subtotal $949,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years .. 

Source: SEWRPC. 

elevation was limited to a maximum of four feet. 
Structures that would have to be elevated more 
than four feet were considered for removal. 

Floodproofing was considered to be feasible for 
all nonresidential structures provided the flood 
stage was not more than seven feet above the 
first-floor elevation. The floodproofmg costs were 
assumed to be a function of the depth of the 
water over the first floor. As shown on Map 86, 
of the four structures that may be expected to 
incur flood damages, three would have to be 
floodproofed and one would have to be elevated. 

Assuming that these structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $3,800. This cost consists of the 
amortization of the $60,000 capital cost-$30,000 
for floodproofing and $30,000 for elevation. The 
average annual flood damage abatement benefit 
is estimated at $8,600, yielding a benefit-cost 
ratio of 2.26. 

Alternative Plan 3-Major Channel Modifica
tion: This alternative flood control plan is shown 
on Map 87 and consists of deepening and 
widening the North Branch of the Root River 
along a 0.81-mile-long reach between River Mile 
31.56 and W. Rawson Avenue. Within this reach, 
the streambed would be lowered up to 1.6 feet, 
with the resulting channel having a bottom 
width of 30 feet and side slopes of one on three. 
The proposed channel would be lined with riprap 
to an elevation two feet above the streambed, 
with the remainder being turf-lined. 

This alternative also includes the replacement of 
culverts under two private drives located within 
the Franklin Aggregates Company stone quarry 
in the northeast one-quarter of U. S. Public Land 
Survey Section 10, Township 5 North, Range 21 
East. Each structure consists of four 48-inch
diameter corrugated metal pipes. These culverts 
would be replaced with two reinforced concrete 
box culverts, each being 10 feet wide by 6 
feet high. 

The results of the evaluation of this alternative 
indicated that all four structures that are 
expected to incur flood damages would still need 
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to be floodproofed. Because of the high cost of 
the channel modification relative to anticipated 
flood damages, more extensive channel modifi
cations were considered economically infeasible, 
and therefore were not evaluated. 

Utilizing an annual interest rate of 6 percent 
and a proj ect life and amortization period of 50 
years , the average annual cost of this alternative 
is estimated at $61,900. This cost consists of the 
amortization of the $949,000 capital cost
$800,000 for channel modification, $116,000 for 
bridge replacement, and $33,000 for structure 
floodproofing-and $1,700 in annual operation 
and maintenance costs. The average annual 
flood damage abatement benefit is estimated at 
$8,600, yielding a benefit-cost ratio of 0.14. 
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Evaluation of Flood Control 
Alternatives for the North Branch 
ofthe Root River in the City of Franklin 
The principal features of, and the costs and 
benefits associated with, each of the floodland 
management alternatives considered for the 
North Branch of the Root River in the City of 
Franklin have been summarized in Table 47. All 
of the alternatives considered were found to be 
technically feasible. 

Only one of the alternatives- structure flood
proofing, elevation, and removal-was found to 
have a benefit-cost ratio of one or more. The "no 
action" alternative, while offering the lowest 
cost, does nothing to alleviate the flood problem, 
and therefore does not represent a sound 
approach to flood control. 



Alternative 2-Structure Floodproofing, Eleva
tion, and Removal-presents several problems in 
implementation. First, complete implementation 
of a voluntary structure floodproofing and eleva
tion program is unlikely, and with partial imple
mentation the City of Franklin would be left with 
a residual problem whenever a major flood event 
occurred. Also, yard damages and cleanup costs 
would remain under the structure floodproofing, 
elevation, and removal alternative. 

Alternative 3-Major Channel Modification
would abate structure flood damages but would 
also require that all four buildings expected to 
experience flood damages be floodproofed. The 
higher cost of extensive channel modifications 
required to eliminate the need for floodproofing 
would be economically unacceptable. Also, 
channel modifications would have an adverse 
aesthetic impact on the stream channel. 

Recommended Flood Control System for the 
North Branch of the Root River and Hale Creek 
Based upon considerations of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
is recommended that Alternative 3-Structure 
Floodproofing, Elevation, and Removal with 
Minor Channel Deepening-which would pro
vide existing storm sewers with adequate out
falls, be adopted for the North Branch of the 
Root River and Hale Creek in the City of West 
Allis; that Alternative 2-Structure Floodproof
ing, Elevation, and Removal-be adopted for the 
North Branch of the Root River in the City of 
Greenfield; and that a revision of Alternative 
2-Structure Floodproofing, Elevation, and 
Removal-be adopted for the North Branch of 
the Root River in the City of Franklin. 

In July and August of 1989, the Milwaukee 
Metropolitan Sewerage District conducted a field 
survey of buildings affected by the recommended 
plan. Data obtained through that survey were 
used to refine the recommended plan. Those 
refinements are included in the plan costs and 
description given below. 

The total capital cost of the combined recom
mended flood control plan for the North Branch 
of the Root River and Hale Creek is estimated 
at $3,488,000 in 1986 dollars, $2,740,000 for the 
North Branch of the Root River and $748,000 for 
Hale Creek. Annual operation and maintenance 
costs are estimated at $5,100-$3,100 for the 

North Branch of the Root River and $2,000 for 
Hale Creek. The recommended plan is shown 
graphically on Map 88. The peak flood profile 
attendant to planned land use and channel 
conditions in the subwatershed is shown in 
Figure 36 for the North Branch of the Root 
River, and Figure 37 for Hale Creek. Flood 
discharges which may be expected along the 
North Branch of the Root River and Hale Creek 
as a result of the recommended channel deepen
ing . are provided in Table 48. These increased 
flood discharges may be expected to result in 
increases of 0.1 foot to 0.3 foot in the 100-year 
recurrence interval flood stage under planned 
land use conditions in the reach between W. 
Forest Home Avenue and S. 116th Street. Stage 
increases downstream of W. Forest Home Ave
nue would be less than 0.1 foot. Implementation 
of the recommended plan would essentially 
eliminate all flood-related damages to structures 
along the North Branch of the Root River for 
floods up to and including the 100-year recur
rence interval event under planned land use 
conditions. The recommended plan is more fully 
described below. 

The recommended flood control plan for the 
North Branch of the Root River and Hale Creek 
in the City of West Allis is shown on Map 88, 
and consists of lowering the streambed by up to 
4.2 feet along a 1.6-mile-Iong reach of the North 
Branch of the Root River between W. Morgan 
Avenue and the Parkway Drive bridge at River 
Mile 41.95, and by up to 2.6 feet along the entire 
1.0-mile length of Hale Creek. This deepening is 
intended to provide an outlet for existing storm 
sewers that were constructed with outlet inverts 
at elevations below the existing channel bottom. 
The proposed channel would have bottom widths 
ranging from 6 to 10 feet and side slopes of one 
on three. The channel would be riprap-lined to 
an elevation two feet above the proposed 
streambed, with the remainder being turf-lined. 
In order to accommodate the lower streambed 
profile, bridge replacement would be required at 
S. 116th Street, at W. Cleveland Avenue on the 
North Branch of the Root River, and at 
W. Cleveland Avenue on Hale Creek. Also, a 
pedestrian bridge at River Mile 41.12 would need 
to be replaced. In addition, it is recommended 
that three houses along the North Branch of the 
Root River and five houses along Hale Creek be 
floodproofed and that one house along the North 
Branch of the Root River and one house along 
Hale Creek be removed. 
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Figure 36 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE NORTH BRANCH ROOT RIVER 
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Table 48 

IMPACT OF RECOMMENDED FLOOD CONTROL PLAN FOR THE NORTH BRANCH ROOT 
RIVER AND HALE CREEK ON 100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGE 

Stream Location 

North Branch Confluence with Root 
of the Root River River and Root River Canal 

Upstream of W. Ryan Road 

W. Drexel Avenue 

W. Rawson Avenue 

W. College Avenue 

W. Forest Home Avenue 

W. Cold Spring Road 

W. National Avenue 

Upstream of Confluence 
with Hale Creek 

Hale Creek At Mouth 

W. Cleveland Avenue 

Source: SEWRPC. 

The recommended flood control plan for the 
North Branch of the Root River in the City of 
Greenfield is shown on Map 88, and consists of 
floodproofing 14 houses, elevating 15 houses 
above the flood elevation, and removing 13 
houses from the floodplain. Of the 13 houses to 
be removed from the floodplain, it is recom
mended that one house along W. Root River 
Parkway be moved to new a location on its lot, 
beyond the 100-year recurrence interval flood
plain, and subsequently resold. It is also recom
mended that moving the remaining 12 houses to 
new lots located in the general vicinity but 
beyond the 100-year recurrence interval flood
plain be investigated. 

The recommended flood control plan for the 
North Branch of the Root River in the City of 
Franklin is shown on Map 88, and consists of 

100-Year Recurrence Interval Flood 
Discharges (cubic feet per second) 

Year 2000 Planned Land Use 

River Existing Channel Recommended Percent 
Mile Condition Plan Condition Increase 

25.66 4,900 4,900 0 

28.07 4,800 4,800 0 

30.89 5,100 5,150 1 

32.37 5,450 5,550 2 

35.66 3,350 3,430 2 

37.67 4,280 4,440 4 

39.17 3,500 3,880 11 

40.97 2,000 2,840 42 

41.25 1,410 1,510 7 

0.00 1,520 1,560 3 

0.30 580 590 2 

removing two houses and two commercial stor
age buildings. The decision to recommend 
removal of these four structures is based upon a 
recommendation made in the Commission's 
comprehensive plan for the Root River water
shed for the development of a parkway along the 
entire length of the Root River between Green
field Park in the City of West Allis and 8TH 38 
in the City of Racine. These properties are 
located along the only reach of the Root River 
in Milwaukee County that is not currently in 
public ownership. The acquisition of these 
properties will facilitate the development of the 
recommended parkway. The cost of removing 
these four structures is estimated at $329,000. 

As noted earlier, the recommended flood control 
plan would result in stage increases along the 
North Branch of the Root River of up to 0.3 foot 
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for a 100-year recurrence interval flood under 
planned land use conditions. Thus, flood ease
ments would have to be obtained from all 
downstream property owners affected by the 
stage increases. In recommending this flood 
control plan, the Advisory Committee recognized 
that some affected property owners may not be 
willing to grant such easements, particularly 
since no structural measures are recommended 
to control flooding of their homes. The Commit
tee suggested several actions that could be taken 
by the implementing agency in order to satisfy 
state requirements concerning increases in the 
flood stage. These actions included: 

1. Offer to purchase any of the affected 
properties that did not want to grant 
required easements. 

2. Offer to pay the incremental cost of flood
proofing and elevation measures required 
as a result of the stage increase. 

3. Change the policy plan to provide for 
payment of floodproofing and elevation 
costs which would then be related to 
securing an easement. 

4. Request the Wisconsin Department of 
Natural Resources Board to grant a waiver 
from the flood easement requirement. 

5. Seek legislation which would change Wis
consin Administrative Code, Chapter NR 
116, to remove the flood easement require
ment in certain instances. 

6. Seek legislation which would change Wis
consin Administrative Code, Chapter NR 
116, to allow local communities and other 
government agencies to follow the same 
procedures as state agencies in such mat
ters. Current regulations require state 
agencies only to inform property owners of 
the potential stage increase and of the 
owners' right to take legal action against 
the State. These agencies are not required 
to obtain flood easements. 

It is recommended that the implementing 
agency pursue one or more of these alternatives 
if it encounters problems obtaining the flooding 
easements needed to implement the recom
mended plan. 

It is recommended that replacement bridges for 
those structures shown in Appendix E as having 
inadequate hydraulic capacities be designed so 
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as to pass the recommended design flood flow 
without overtopping of the attendant roadway. 
Such replacement is not required for flood 
control purposes, but rather should be carried 
out for transportation or other purposes. 

Adequate large-scale topographic mapping is 
available for the North Branch of the Root River 
except for the reach between W. Rawson Avenue 
in the City of Franklin and W. Forest Home 
A venue in the Village of Greendale. The only 
maps available for this reach are Milwaukee 
Sewerage Commission maps prepared in 1958, 
based on photographs taken in 1951 and 1952. 
These maps no longer reflect the many changes 
that have taken place within the floodplain and 
surrounding drainage area since they were 
prepared. Therefore, it is recommended that new 
large-scale topographic maps be prepared for the 
following U. S. Public Land Survey Sections: the 
west one-half of Section 2 and all of Sections 3 
and 4 in the City of Franklin (Township 5 North, 
Range 21 East); and all except the northeast one
quarter of Section 28 and all of Section 33 in the 
Village of Greendale (Township 6 North, Range 
21 East). Also, significant development has 
occurred within the floodplain of the North 
Branch of the Root River north of W. National 
Avenue and along Hale Creek in the City of 
West Allis since the preparation of large-scale 
topographic maps in 1973. Therefore, it is 
recommended that a new large-scale topographic 
map be prepared for U. S. Public Land Survey 
Section 7 in the City of West Allis (Township 6 
North, Range 21 East). 

Impact of Oakwood Lake 
on Flood Flows and Stages 
The Commission's adopted comprehensive plan 
for the Root River watershed recommended the 
development of a permanent multipurpose reser
voir near the confluence of the Root River and 
the North Branch of the Root River in the City 
of Franklin. Lowlands lying in this area form a 
natural reservoir during flood periods, the 
outflow of which is regulated by a narrow cross
section of the Root River channel and floodplain 
near W. County Line Road. The recommended 
reservoir, which has been named Oakwood Lake, 
is shown on Map 89. This lake would artificially 
increase the flood regulation effect of the natural 
reservoir and would provide a water body for 
recreation, conservation, and low-flow augmen
tation purposes. 

As proposed in the adopted Root River water
shed plan, the normal water surface area of the 
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lake would be about 660 acres. It was proposed 
that about 400 acres of land underlying the lake 
be excavated to provide for such recreational 
pursuits as boating and fishing. The remaining 
260 acres of lake area were envisioned to provide 
shallow water for fish and wildlife habitat. The 
normal water surface of the lake would be held 
between elevations of 679 feet and 680 feet above 
National Geodetic Vertical Datum by means of 
a low rock dam. Water stored between these 
elevations would be available for release for 
streamflow augmentation at a rate varying from 
three to five cubic feet per second (cfs) , depend
ing upon lake leveL A flow of three cfs would 
result in a stream 24 feet wide and 6 inches deep 
flowing at a velocity of 0.25 foot per second. In 
the recreation portion of the proposed lake, a 
mean bottom elevation of 675 feet would be 
established to provide a mean water depth of 
four to five feet. As proposed in the plan, the lake 
would have a normal shoreline of about five 
miles. The plan envisioned that a portion of the 
shoreline would be developed for recreational 
use, with the remainder left in a natural state. 

The flood control aspects of the reservoir were 
previously evaluated by the Commission in 
conjunction with work done for the U. S. Depart
ment of Housing and Urban Development as 
part of a flood insurance study for Racine 
County. That work, which involved the estima
tion of flood discharges and stages associated 
with the 100-year recurrence interval flood for 
the Root River, confirmed the determination of 
the earlier Root River watershed study that the 
flood control effects of the reservoir would be 
modest. Under that most recent work, it was 
estimated that the reservoir would reduce the 
100-year recurrence interval peak flood stage in 
the City of Racine by 0.5 foot, essentially the 
same as the value of 0.4 foot estimated in the 
adopted Root River watershed plan. Conse
quently, as found in the original watershed 
study, construction of the reservoir would result 
in no major flood damage-abatement benefits. 
The reservoir would, however, provide recrea
tional and water quality benefits. Therefore, it is 
recommended that development of Oakwood 
Lake continue to be pursued by state and local 
officials. 

Flood Control and Related 
Drainage System Plan Implementation 
The recommended flood control plan for the 
North Branch of the Root River is largely 
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nonstructural in that it emphasizes structure 
floodproofing, elevation, and removal as a 
means of alleviating flood damages. The struc
ture floodproofing and elevation measures would 
be undertaken by the property owners directly 
affected. It is recommended that the City of West 
Allis assume the cost of removing one house 
located along Hale Creek. It is also recom
mended that the Milwaukee Metropolitan Sewer
age District assume the cost of purchasing one 
house along the North Branch of the Root River 
in the City of Greenfield, relocating this house 
on its lot outside the 100-year recurrence interval 
flood hazard area, and then making it available 
for sale. It is recommended that the District also 
assume the cost of removing one house along the 
North Branch of the Root River in the City of 
West Allis, 12 houses in the City of Greenfield 
and two houses and two commercial buildings in 
the City of Franklin. Once these buildings have 
been removed, it is recommended that the 
cleared land be used for parkway or local 
drainage easement purposes. It is recommended 
that the District investigate the possibility of 
moving the one house in West Allis, 12 houses 
in Greenfield, and the two houses in Franklin to 
nearby lots located outside the 100-year recur
rence interval floodplain. It is further recom
mended that the professional services required to 
prepare plans for the floodproofing and eleva
tion of individual buildings be made available, 
at no cost, to the property owners by the 
engineering departments of the Cities of Green
field and West Allis. Also, it is recommended 
that these communities review their building 
ordinances to ensure that appropriate floodproof
ing regulations are included. 

It is recommended that structural measures 
recommended for the North Branch of the Root 
River and Hale Creek be implemented through 
the cooperative efforts of the Milwaukee Metro
politan Sewerage District, the City of West Allis, 
and Milwaukee County. More specifically, it is 
recommended that the District design, construct, 
and maintain the channel modifications recom
mended along the 1.6-mile reach of the North 
Branch of the Root River between W. Morgan 
Avenue and the Parkway Drive bridge at River 
Mile 41.95. It is also recommended that the 
District remove the bridges at S. 116th Street 
and Cleveland Avenue, and the pedestrian 
bridge at River Mile 41.12. Finally, it is recom
mended that the District prepare large-scale 
topographic maps for the following U. S. Public 
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Table 49 

SUMMARY OF RECOMMENDED PLAN CAPITAL COSTS-NORTH BRANCH ROOT RIVER AND HALE CREEK 

Estimated 
Implementing Agency Improvements Capital Cost 

Milwaukee Metropolitan Channel modification-North Branch of the Root River $ 678.000 
Sewerage District 

Bridge removala 12.000 

Removal of 17 structures 1.518.000 

Relocation of one house on lot 34,000 

Subtotal $2.242.000 

City of West Allis Channel modification-Hale Creek $ 456.000 

Bridge replacementa 88.000 

Removal of one house 90.000 

Subtotal $ 634.000 

Milwaukee County Replacement of one pedestrian bridge $ 18.000 

Total $2.894.oo0b 

aNo costs have been assigned for the removal and replacement of the W. Cleveland Avenue bridges over the North 
Branch of the Root River and Hale Creek since these structures are scheduled for replacement under the Commission 
adopted regional transportation plan. Those costs are estimated at $264,000 and $179,000, respectively. 

bDoes not include $594,000 cost for structure floodproofing and elevation, which would be borne by property owners 
directly affected. 

Source: SEWRPC. 

Land Survey Sections: the west one-half of 
Section 2 and all of Sections 3 and 4 in Town
ship 5 North, Range 21 East; and all of 
Sections 7 and 33 and all but the northeast one
quarter of Section 28 in Township 6 North, 
Range 21 East. 

It is further recommended that the City of West 
Allis design, construct, and maintain the chan
nel modifications recommended along Hale 
Creek, including removing the existing bridge at 
W. Cleveland Avenue. It is further recommended 
that the City design and construct the replace
ment bridges at S. 116th Street and W. Cleveland 
Avenue over the North Branch of the Root River 
and at W. Cleveland Avenue over Hale Creek. 

Finally, it is recommended that Milwaukee 
County design and construct the replacement 
pedestrian bridge at River Mile 41.12 over the 
North Branch of the Root River. 

The capital costs associated with the various 
components of the recommended plan are sum
marized in Table 49. 

EAST BRANCH OF THE ROOT RIVER 
SUBWATERSHED FLOOD CONTROL AND 
RELATED DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses of the East 
Branch of the Root River were previously con
ducted by the Commission for the City of 
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Franklin. The findings of these analyses were 
not published, however; and alternative flood 
control measures were not prepared and evalu
ated. The East Branch of the Root River was 
also included in the federal flood insurance 
study for the City of Franklin. The hydrologic 
and hydraulic analyses made under that study 
represent a refinement of the earlier Commis
sion study. 

Overview of the Study Area 
The East Branch of the Root River subwatershed 
is located mainly in the City of Franklin, with 
small portions located in the Cities of Greenfield, 
Milwaukee, and Oak Creek, and the Village of 
Greendale. From its origin near the intersection 
of S. Melinda Street and W. Parnell Avenue in 
the City of Milwaukee, the East Branch of the 
Root River flows in a generally southwesterly 
direction for about 6.0 miles to its confluence 
with the North Branch of the Root River, and 
drains an area of about 4.83 square miles (see 
Map 90). Of this total drainage area, 3.31 square 
miles, or about 69 percent, lies within the City 
of Franklin; 0.59 square mile, or about 12 per
cent, lies within the City of Greenfield; 0.55 
square mile, or about 11 percent, lies within the 
City of Milwaukee; 0.05 square mile, or about 
1 percent, lies within the City of Oak Creek; and 
0.33 square mile, or about 7 percent, lies within 
the Village of Greendale. 

More specifically, from its OrIgm near the 
intersection of S. Melinda Street and W. Parnell 
Avenue, the East Branch of the Root River flows 
in an easterly direction to W. Green Avenue 
extended, a distance of about 0.4 mile; thence 
southerly for about 3.0 miles to N. 35th Street 
extended; thence westerly for about 0.9 mile to 
W. Drexel Avenue; and thence southwesterly 
about 1.7 miles to its confluence with the North 
Branch of the Root River. Of the 6.0-mile length 
of reach described, 4.7 miles south of W. Carring
ton Avenue extended, or 78 percent, are classi
fied as perennial, while the remaining 1.3 miles, 
or 22 percent, are classified as intermittent. The 
entire perennial stream length is recommended 
for District jurisdiction in the policy plan 
companion to this system plan. Hydraulic 
analyses were also conducted under this system 
planning effort of the 0.2-mile segment of 
intermittent stream extending from W. Carring
ton Avenue extended to W. College Avenue. 
Reported flooding problems along this reach 
made it necessary to consider flood control 
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alternatives, since such measures may impact on 
required downstream flows and stages and flood 
control measures. 

In 1985, the subwatershed tributary to the East 
Branch of the Root River was still largely 
undeveloped for urban use, with 2.96 square 
miles, or about 61 percent, devoted to agricul
tural and other open uses. The remaining 1.87 
square miles was developed for urban use, with 
1.73 square miles, or about 92 percent of the 
developed portion, consisting of residential land 
uses, and the remaining 0.14 square mile consist
ing of commercial and industrial uses. Much of 
the developed area of the subwatershed was 
located in the headwater area, and was gener
ally provided with a full range of municipal 



street improvements, including paved streets 
with curbs and gutters and attendant storm 
sewers which convey surface runoff rapidly to 
the stream. In the City of Franklin, most of the 
surface runoff is accommodated in roadside 
ditches and other small tributary watercourses, 
and therefore does not reach the main channel 
as rapidly as runoff from the headwater area. 

Information on certain pertinent characteristics 
of the watershed, such as hydrologic soil types, 
land slopes, and land use, is provided in Chap
ter II of this report. The planned land use 
conditions utilized in the system planning effort 
assume that the entire subwatershed tributary to 
the East Branch of the Root River will be fully 
urbanized by the design year of the system plan. 
Some existing open space uses, such as parks, 
should remain. 

The East Branch of the Root River north of W. 
College Avenue has been channelized to accom
modate the increased runoff from the tributary 
portion of the subwatershed. In the City of 
Franklin, the stream remains "unimproved," 
although it is apparent that much of the channel 
has been realigned and straightened over the 
years since settlement of the area by Europeans 
for agricultural purposes. 

Flooding and Related Drainage Problems 
Investigations of historical flood problems along 
the East Branch of the Root River indicate that 
few significant problems exist within the sub
watershed. This is due primarily to the relatively 
undeveloped character of the subwatershed. 
Flood problems are limited primarily to the area 
along two reaches of the stream: 1) an area of 
residential development along N. 35th Street 
south of W. Rawson Avenue; and 2) within the 
Franklin Mobile Estates mobile home court 
located south of W. College Avenue at S. 27th 
Street. This latter area is located upstream of the 
segment recommended for District jurisdiction. 
Damage to crops which has occurred owing to 
overland flooding may be expected to diminish 
as the subwatershed develops for urban use. 

The monetary flood damages within the subwa
tershed were estimated using the depth-damage 
cost curves prepared by the Commission and 
described in Chapter III. The dollar amount of 
the flood damages is based upon the depth of 
inundation and the assessed valuation of the 
buildings concerned. Damages to building con
tents were included in the total costs. 

Flooding, as defined herein, includes basement 
flooding, yard inundation, and flooding above 
the first-floor level. The total number of residen
ces existing in 1985 that may be expected to 
experience direct flooding along the East Branch 
of the Root River is as follows: 

Flood Event 
Recurrence 

Interval 

10 
50 

100 

Approximate Number of 
Existing Homes Flooded 
Existing Land Use and 

Existing Channel Conditions 

6 
16 
18 

Approximate Number of 
Existing Homes Flooded 
Planned Land Use and 

Existing Channel Conditions 

10 
18 
19 

The number of industrial and commercial prop
erties existing in 1985 that may be expected to 
experience direct flooding along the East Branch 
ofthe Root River is as follows: 

Approximate Number of 
Existing Industrial and 

Flood Event Commercial Properties Flooded 
Recurrence Existing Land Use and 

Interval Existing Channel Conditions 

10 0 
50 

100 

Approximate Number of 
Existing Industrial and 

Commercial Properties Flooded 
Planned Land Use and 

Existing Channel Conditions 

o 

Additional homes and commercial properties 
may, however, experience indirect damages 
through sanitary sewer backup. It should be 
noted that the flood control measures considered 
under this system plan are primarily intended to 
alleviate flood damages from direct overland 
flooding along the stream reaches studied, as 
well as to provide an adequate outlet for local 
storm sewers and drainageways. These mea
sures may help to reduce problems attendant to 
inadequate local stormwater drainage and 
problems of sanitary sewer backups. 

The total average annual flood losses-dam
ages-incurred along the East Branch of the 
Root River are estimated at $5,000 under exist
ing land use and channel conditions, and at 
$8,100 under planned land use and existing 
channel conditions. Flood losses from a 100-year 
recurrence interval event are estimated to total 
$89,000 under existing land use and channel 
conditions, and about $100,000 under planned 
land use and existing channel conditions. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
of the related roadway. Based on these criteria, 
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four bridges on the East Branch of the Root 
River are considered hydraulically inadequate, 
as shown in Appendix E. These bridges are at 
S. 51st Street; W. Drexel Avenue; W. Rawson 
Avenue; and W. College Avenue. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for development of design 
discharges for the East Branch of the Root River 
simulates streamflow on a continuous basis, 
using recorded climatological data as input. 
Discharges were computed at an hourly time 
interval. Flood discharges were developed by 
conducting discharge-frequency analyses of 
simulated annual peak discharges generated by 
the hydrologic model using the log Pearson Type 
III method of analysis. Because of the relatively 
small tributary drainage area of this subwa
tershed, it was suspected that the time of peak 
discharge on the stream was very short and may 
have been missed in the analyses utilizing an 
hourly time interval. Therefore, additional 
simulations were performed using a 15-minute 
time interval with design rainfall events as 
input. The use of design rainfall events was 
necessary because the time and cost of simulat
ing continuous streamflows at 15-minute inter
vals for the 39 years of available climatological 
data would be prohibitive. 

The design rainfall events were developed using 
10-, 50-, and 100-year rainfall volumes obtained 
from the updated point rainfall depth-duration
frequency relationships developed by the Com
mission as described in Chapter III. The rainfall 
distribution utilized for each design storm was 
the median distribution of a first-quartile storm, 
as shown in Chapter III. The design storm 
duration was determined for a given recurrence 
interval by simulating the peak discharge at a 
given location for a range of storm durations. 
The storm duration and associated rainfall 
volume which produced the largest peak dis
charge at a given location for a given recurrence 
interval was selected as the design storm for 
that location. This analysis was conducted for 
both existing and planned land use and existing 
channel conditions at five locations along the 
East Branch of the Root River. The estimated 
peak flood discharges under existing and 
planned, year 2000 land use conditions and 
existing channel conditions are set forth in 
Table 50. 
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Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 4.7-mile-Iong reach recommended 
for District jurisdiction, constitute a graphic 
representation of the flood stages along the East 
Branch of the Root River under the specified 
recurrence interval flood discharges, and under 
planned land use and existing channel condi
tions. In addition to providing an overall repre
sentation of flood stages relative to familiar 
points of reference such as the channel bottom 
and bridge deck surfaces, the profiles, because of 
their continuity, permit the ready determination 
of flood stages at any point along the stream 
channel. The flood profile is shown in Figure 38. 
The attendant extent of the 100-year recurrence 
interval floodplain under planned land use 
conditions is shown on Map 91. This delineation 
of the flood hazard area was accomplished using 
large-scale topographic maps prepared by the 
City of Franklin in 1964. 

Alternative Flood Control and 
Related Drainage System Plans for 
the East Branch of the Root River 
Three alternative flood control plans were 
considered for alleviating the flood damage 
problems along the East Branch of the Root 
River: 1) No Action; 2) Structure Floodproofing, 
Elevation, and Removal; and 3) Combination of 
Channel Modification, Bridge Replacement, and 
Structure Floodproofing. 

Each alternative is described below. The esti
mated economic benefits and costs attendant to 
each alternative are provided in Table 51. 

Alternative 1-No Action: One alternative 
course of action for addressing the flood problem 
along the East Branch of the Root River is to do 
nothing-that is, to recognize the inevitability of 
flooding, but to deliberately decide not to mount 
a collective, coordinated program to abate the 
flood damages. Under existing land use and 
existing channel conditions, the average annual 
flood damages along the stream approximate 
$5,000. The damages from a 100-year recurrence 
interval flood may be expected to approximate 
$89,000. Under planned, year 2000 land use and 
existing channel conditions, the average annual 
flood damages along this reach may be expected 
to approximate $8,100. The damages from a 100-



Table 50 

FLOOD DISCHARGES FOR THE EAST BRANCH ROOT RIVER FOR 
EXISTING AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cubic feet per second) 

Existing Land Use Year 2000 Planned 
Existing Channel Land Use, Existing 

Conditions Channel Conditions 
River 

Location Mile 10-Year 

Mouth at Root River 0.00 430 

N. 51st Street 1.48 430 

-- 2.21 420 

- - 3.14 320 

W. Rawson Avenue 3.66 300 

-- 4.70 260 

Source: SEWRPC. 

year recurrence interval flood may be expected 
to approximate $100,000. There are no monetary 
benefits associated with this alternative, and the 
average annual cost would be equivalent to the 
average of the existing and planned land use 
average annual costs, or $6,600. 

Alternative 2-Structure Floodproofing, Eleva
tion, and Removal: A structure floodproofing, 
elevation, and removal alternative was evaluated 
to determine if such a structure-by-structure 
approach would be a technically feasible and 
economically viable solution to the flood problem 
along the East Branch of the Root River. The 
100-year recurrence interval flood stage under 
planned, year 2000 land use and existing channel 
conditions was used to estimate the number of 
existing structures to be flood proofed, elevated, or 
removed and to estimate the costs involved. 

In the case of residential structures, floodproof
ing 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 and 
floodproofing the basement was less than the 

50-Year 100-Year 10-Year 50-Year 100-Year 

950 1,160 700 1,280 1,490 

950 1,160 700 1,280 1,490 

910 1,100 610 1,160 1,390 

660 

630 

430 

810 460 860 1,010 

770 440 820 960 

510 260 430 510 

estimated removal cost. Structures to be elevated 
were assumed to have the first floor raised to an 
elevation at least two feet above the 100-year 
recurrence interval flood stage to provide ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures that would have to be elevated more 
than four feet were considered for removal. In 
the case of mobile homes, it was assumed that 
these structures would be relocated out of the 
floodplain. 

Floodproofing was considered to be feasible for 
all nonresidential structures provided the flood 
stage was not more than seven feet above the 
first-floor elevation. The floodproof"mg costs were 
assumed to be a function of the depth of the 
water over the first floor. 

As shown on Map 92, of the 20 structures which 
may be expected to incur flood damage, five 
would have to be floodproofed, three would have 
to be elevated, and 12 would have to be removed. 
These 12 structures consist of mobile homes 
which would be readily relocated to lots outside 
the 100-year recurrence interval floodplain, 
either within the same mobile home court or to 
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Table 51 

COST ESTIMATE FOR FLOOD CONTROL ALTERNATIVES FOR THE EAST BRANCH ROOT RIVER 

Costs Benefit-Cost Analysis 

Annual Annual 
Benefits Economic 

Alternative Minus Benefit- Ratio 
Amortized Operation and Annual Annual Cost Greater 

Name Description Capital Capitala Maintenance Othe, Total Benefits Costs Ratio than One 

1-NoAction -- $ 0 $ 0 $ 0 $6,600 $ 6,600 $ 0 $ -6,600 -- No 

2-Structure Floodproofing, Floodproof five $ 39,000 $13,900 $ 0 $ 0 $13,900 $6,600 $ -7,300 0.47 No 
Elevation, and Removal structures 

Elevate three 96,000 
structures 

Relocate 12 84,000 
structures 

Subtotal $219,000 

3-Combination of 1.77 miles of $392,000 $36,000 $3,600 $ 0 $39,600 $6,600 $-33,000 0.17 No 
Channel Modification, channel 
Bridge Replacement, modification 
and Structure Replace three 48,OOOb 
Floodproofing bridges 

Modify eight 54,000 
footbridges 

Floodproof two 69,000 
structures and 
elevate one 
structure 

Subtotal $563,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

b Cost of the W. Rawson Avenue bridge replacement is not included as that cost was previously assigned under the Commission's adopted regional transportation plan. 

Source: SEWRPC. 

nearby courts. Future damage from floods up to 
and including the 100-year recurrence interval 
event would be virtually eliminated. 

Assuming that these structure flood proofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $13,900. This cost consists of the 
amortization of the $219,000 capital cost
$39,000 for floodproofing, $96,000 for structure 
elevation, and $84,000 for structure removal. The 
average annual flood damage abatement benefit 
was estimated at $6,600, yielding a benefit-cost 
ratio of 0.47. 

Alternative Plan 3-Combination of Channel 
Modification. Bridge Replacement, and Structure 
Floodproofing: This alternative for the resolu
tion of the flood problems along the East Branch 
of the Root River is shown on Map 93. The plan 
consists of lowering the existing streambed by 

0.1 foot to 3.2 feet along the 1.77-mile reach 
between River Mile 3.14 and W. College Avenue. 
Between River Mile 3.14 and 3.60, the channel 
would be turf-lined and would have a bottom 
width of 10 feet and side slopes of one on three. 
Between River Mile 3.60 and W. Rawson Avenue 
at River Mile 3.66, the channel would be fully 
concrete-lined and would have a bottom width of 
15 feet and side slopes of one on two. In order 
to control channel erosion in the transition from 
concrete to turf lining, riprap would be used to 
line about 50 feet of channel downstream of 
River Mile 3.60. Between W. Rawson Avenue and 
River Mile 3.74, the channel would be fully 
concrete-lined and would have a bottom width of 
15 feet and side slopes of one on three. From 
River Mile 3.74 to W. College Avenue, the 
channel would be turf-lined and would have a 
bottom width of 10 feet and side slopes of one 
on three. 

In addition to channel modification, this plan 
calls for replacing the bridges at W. Rawson 
Avenue, a private drive at River Mile 3.71, and 
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a private drive at River Mile 4.80. At W. Rawson 
Avenue, the replacement structure would consist 
of two 12·foot-wide by 8-foot-high reinforced 
concrete box culverts. The replacement structure 
for the private drive at River Mile 3.71 would 
consist of two 12-foot-wide by 6-foot-high rein
forced concrete box culverts. The replacement 
structure for the private drive at River Mile 4.80 
would consist of two 8-foot-wide by 5-foot-high 
reinforced concrete box cuI verts. In addition to 
these three culverts , modifications may be 
required for eight private footbridges located 
between River Mile 3.37 and W. Rawson Avenue 
in order to accommodate the channel modifica
tions. It should be noted that W. Rawson Avenue 
is recommended for improvement under the 
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Commission's adopted regional transportation 
system plan; therefore, no cost was assigned 
to the flood control system plan for these 
replacements . 

In order to accommodate the widened channel, 
it would be necessary to relocate four mobile 
homes. Finally, this alternative calls for the 
floodproofing of two houses and the elevation of 
one house. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
along the East Branch of Root River up to and 
including the 100-year recurrence interval event. 



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 $39,600. This cost consists of the 
amortization of the $563,000 capital cost
$392,000 for channel modification; $102,000 for 
bridge replacement and modification; and 
$69,000 for structure floodproofing, elevation, 
and relocation-and $3,600 in annual operation 
and maintenance costs. The average annual 
flood abatement benefit is estimated at $6,600, 
resulting in a benefit-cost ratio of 0.17. 

Evaluation of Flood Control Alternatives 
for the East Branch of the Root River 
The principal features of, and the costs and 
benefits associated with, each of the floodland 
management alternatives considered for the 
East Branch of the Root River are summarized 
in Table 51. All of the alternatives considered 
were found to be technically feasible. 

None of the alternatives produces a benefit-cost 
ratio of one or more. The "no action" alternative, 
while offering the lowest cost, does nothing to 
alleviate the existing flood problem, and there~ 
fore does not represent a sound approach to 
flood controL 

Alternative 2-Structure Floodproofing, Eleva
tion, and Removal-presents several problems in 
implementation. First, complete implementation 
of a voluntary structure and elevation program 
is unlikely, and with partial implementation, the 
City of Franklin would be left with a residual 
problem whenever a major flood event occurred. 
Also, yard damages and cleanup costs would 
remain under this alternative. It should be 
noted, however, that in some instances a struc
ture floodproofing, elevation, and removal alter
native may be a viable solution to a flooding 
problem. Such would be the case where structure 
damages are relatively low and are more scat
tered along a stream. Structural measures, such 
as channel modification or detention storage, 
may not present an economical solution in those 
instances. 

Implementation of Alternative 3-Combination 
of Channel Modification, Bridge Replacement, 
and Structure Floodproofing-would provide an 
added flood control benefit in that it would 
eliminate the overtopping of W. Rawson Avenue 
and two private access drives for floods up to 
and in.cluding the 100-year recurrence interval 
event. However, the high cost of this alternative 

relative to damages makes this alternative 
impracticaL In addition, the channel modifica
tions to be provided under this alternative, 
particularly those calling for a concrete lining, 
would serve to eliminate the "natural" look of 
the stream. These modifications would serve to 
increase downstream flood flows on the East 
Branch of the Root River, although not enough 
to cause additional flooding problems. 

Recommended Flood Control System 
for the East Branch of the Root River 
Based upon consideration of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
is recommended that Alternative 2-Structure 
Floodproofing, Elevation, and Removal-be 
adopted for the East Branch of the Root River. 

In July and August of 1989, the Milwaukee 
Metropolitan Sewerage District conducted a field 
survey of buildings affected by the recommended 
plan. Data obtained through that survey were 
used to refine the recommended plan. Those 
refinements are included in the plan costs and 
description given below. 

The total capital cost of the recommended flood 
control plan is estimated at $153,000 in 1986 
dollars. The recommended plan is shown on 
Map 94. The recommended plan should have no 
impact on flood flows and stages along the East 
Branch of the Root River. 

Implementation of the recommended plan would 
essentially eliminate all flood-related damages to 
existing structures along the East Branch of the 
Root River for floods up to and including the 100-
year recurrence interval event under planned 
land use conditions. 

The recommended plan consists of the flood
proofing of four houses and one office building, 
the elevation of one house, and the relocation of 
12 mobile homes out of the 100-year recurrence 
interval floodplain, as shown on Map 94. 

It is recommended that replacement bridges for 
those structures shown in Appendix E as having 
inadequate hydraulic capacities be designed so 
as to pass the recommended design flood flow 
without overtopping of the attendant roadway. 
Such replacement is not required for flood 
control purposes, but rather should be carried 
out for transportation or other purposes. 
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Little significant development has occurred 
along the floodplain of the East Branch of the 
Root River since the completion of large-scale 
topographic maps for the City of Franklin in 
1964. One exception to this is the development 
of the Root River Heights and the Hawthorne 
Glen subdivisions in the northwest one-quarter 
of U. S. Public Survey Section 14 and the 
northeast one-quarter of Section 15 in the City 
of Franklin. In order that a more accurate 
delineation of the 100-year recurrence interval 
floodplain can be made, it is recommended that 
new large-scale topographic maps be prepared 
for these two quarter sections. Since these maps 
would serve multiple purposes, none of the 
attendant costs have been assigned to the flood 
control plan. 

Flood Control and Related 
Drainage System Plan Implementation 
The recommended flood control system plan for 
the East Branch of the Root River consists of 
structure floodproofing, elevation, and removal. 
The structure floodproofing and elevation mea
sures would be undertaken by the property 
owners directly affected. For the 12 mobile 
homes to be relocated outside the floodplain, it 
is recommended that the $84,000 cost for this 
relocation be borne by the City of Franklin, as 
these structures are located along a stream reach 
not recommended for District jurisdiction. It is 
further recommended that the professional 
services required to prepare plans for the flood
proofing and elevation of individual buildings be 
made available, at no cost, to property owners 
by the City of Franklin engineering department. 
Also, it is recommended that the City of Frank
lin review its building ordinance to ensure that 
appropriate floodproofing regulations are 
included. It is recommended that the City 
explore, on behalf of the property owners 
involved, any available state and/or federal aids 
for such floodproofing measures. It is further 
recommended that the Milwaukee Metropolitan 
Sewerage District prepare new large-scale topo
graphic maps for the northwest one-quarter of 
U. S. Public Land Survey Section 14 and the 
northeast one-quarter of Section 15, Township 5 
North, Range 21 East, City of Franklin. 

TESS CORNERS CREEK 
SUBWATERSHED FLOOD CONTROL 
AND RELATED DRAINAGE SYSTEM PLAN 

As already noted, hydrologic and hydraulic 
analyses, alternative drainage and flood control 
system plans, and recommended system plans 

for three streams under Milwaukee Metropolitan 
Sewerage District jurisdiction-Whitnall Park 
Creek, the North Branch of Whitnall Park Creek, 
and the Northwest Branch of Whitnall Park 
Creek-were prepared by the Regional Planning 
Commission under a separate storm water man
agement planning program for the Village of 
Hales Corners. The drainage improvement and 
flood control measures recommended for these 
three streams under this prior planning program 
have been incorporated into this system plan. 
Hydrologic and hydraulic analyses of Tess 
Corners Creek were conducted under federal 
flood insurance studies for the Villages of 
Franklin and Greendale; however, no drainage 
and flood control alternatives were evaluated 
under those studies. Accordingly, the system 
level plan was expanded herein to include Tess 
Corners Creek in addition to the information for 
the three streams studied under the Hales 
Corners stormwater management plan. 

Village of Hales Corners 
Stormwater Management Plan 
Drainage and flood control improvements for 
Whitnall Park Creek, the North Branch of 
Whitnall Park Creek, and the Northwest Branch 
of Whitnall Park Creek were considered in the 
stormwater management planning program 
conducted by the Regional Planning Commission 
for the Village of Hales Corners.5 The village 
plan seeks to promote the development of an 
effective storm water management system for the 
Village. To the extent practicable, the system is 
designed to minimize damages attendant to poor 
drainage while reducing downstream flooding. 
More specifically, the planning report prepared 
for the Village: 

1. Describes the existing stormwater drain
age system and the existing stormwater 
drainage and related problems in the 
Village and environs and identifies the 
causes of these problems; 

2. Sets forth proposed future land use condi
tions and related storm water management 
requirements; 

5See SEWRPC Community Assistance Planning 
Report No. 121, A Stormwater Management 
Plan for the Village of Hales Corners, Milwau
kee County, Wisconsin, March 1986. 

291 



3. Provides a set of stormwater management 
objectives and supporting standards to 
guide the development of an effective 
stormwater management system; 

4. Presents alternative stormwater manage
ment system plans; 

5. Provides a comparative evaluation of the 
technical, economic, and environmental 
features of the alternative plans; 

6. Recommends a storm water management 
plan for the Village and environs consist
ing of various structural and nonstructural 
measures; and 

7. Identifies the responsibilities of, and 
actions required by, the various govern
mental units and agencies that will imple
ment the recommended plan. 

The system plans herein presented for Whitnall 
Park Creek, the North Branch of Whitnall Park 
Creek, and the Northwest Branch of Whitnall 
Park Creek provide data on existing and proba
ble future flood problems, alternative and recom
mended drainage and flood control improvement 
measures, and recommended implementation 
actions, and, as already noted, are based upon 
the findings and recommendations of the storm
water management planning program for the 
Village of Hales Corners described above. The 
system plan includes only those major system 
components of the village plan relating to the 
streams and watercourses under District 
jurisdiction. 

Overview of the Study Area 
The Tess Corners Creek subwatershed, as shown 
on Map 95, is located within the corporate limits 
of the Cities of Franklin, Greenfield, Muskego, 
and New Berlin, and the Villages of Greendale 
and Hales Corners. The stream reaches recom
mended for District jurisdiction and included in 
this subwatershed are as follows: 1) a 0.78-mile 
reach of the North Branch of Whitnall Park 
Creek from its confluence with the Northwest 
Branch of Whitnall Park Creek upstream to W. 
Edgerton A venue; 2) a 0.44-mile reach of the 
Northwest Branch of Whitnall Park Creek from 
its confluence with Whitnall Park Creek 
upstream to the confluence of the North Branch 
of Whitnall Park Creek; 3) a 1.81-mile reach of 
Whitnall Park Creek from its confluence with 
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Tess Corners Creek upstream to the confluence 
of the Northwest Branch of Whitnall Park 
Creek; and 4) a 2.64-mile reach of Tess Corners 
Creek from its confluence with the Root River to 
a point about 0.60 mile upstream of the W. 
Rawson Avenue crossing. Of the stream reaches 
described above, the 2.64-mile reach of Tess 
Corners Creek and the downstream 0.64 mile of 
the 1.81-mile reach of Whitnall Park Creek are 
classified as perennial; the remaining stream 
reaches are classified as intermittent. 

In 1985 the Tess Corners Creek subwatershed 
was still largely undeveloped, with 8.96 square 
miles, or about 60 percent, devoted to agricul
tural and other open space uses. The remaining 
6.09 square miles was developed for urban use
with 5.91 square miles, or about 97 percent, 
consisting of residential uses, and the remaining 
0.18 square mile consisting of commercial and 
industrial uses. Much of the land within the 
subwatershed developed for urban use is located 
in the headwater areas. Municipal street 
improvements consist primarily of paved streets 
without curbs and gutters and integrated storm 
sewer facilities. Therefore, most of the surface 
runoff is carried in roadside ditches which 
discharge to the natural streams and water
courses of the subwatershed. Whitnall Park 
Creek upstream of the S. 108th Street crossing, 
the Northwest Branch of Whitnall Park Creek, 
and the North Branch of Whitnall Park Creek 
have been modified in varying degrees by 
deepening, realignment, or enclosure to accom
modate increasing surface runoff resulting from 
urban development. 

Flooding and Related Drainage Problems 
The most significant historical drainage prob
lems in the Tess Corners Creek subwatershed 
exist in the Village of Hales Corners. The most 
persistent and widespread problems appear to be 
related to high groundwater levels, which 
require the excessive operation of sump pumps 
over extended periods of time and contribute to 
ponding of stormwater in drainage ditches and 
low areas during wet weather conditions. The 
drainage problems are aggravated by drainage 
ditches with insufficient slopes and conveyance 
capacities, providing inadequate outlets for the 
local storm sewer facilities. The insufficient 
conveyance capacities of the major stream 
reaches also create the potential for significant 
overland flooding during major storm events, 
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with resulting monetary damage to affected 
buildings. These problems may be expected to be 
exacerbated by the further development of 
agricultural and other open lands within the 
subwatershed. 

The costs of overland flooding from major storm 
events were estimated using damage cost curves 
prepared by the Commission and described in 
Chapter III. The dollar amount of the flood 
damages was thus based upon the depth of 
inundation and the assessed valuation of the 
buildings concerned. Damages to building con
tents were included in the total damage costs. 

Flooding, as defined herein, includes basement 
flooding, yard inundation, and flooding above 
the first-floor level of buildings. The total number 
of residential structures that may be expected to 
experience direct flooding along the four studied 
stream reaches in the Tess Corners Creek sub
watershed under existing land use and channel 
conditions is set forth below. These floodprone 
structures, as shown on Map 96, are located in 
proximity to the stream channels of the study 
reaches. No flooding of structures is expected to 
occur along Tess Corners Creek itself. 

Flood Event 
Recurrence 

Interval 

10 
50 

100 

Approximate Number of 
Existing Residential 
Structures Flooded 

Existing Land Use and 
Existing Channel Conditions 

15 
18 
20 

Approximate Number of 
Existing Nonresidential 

Structures Flooded 
Existing Land Use and 

Existing Channel Conditions 

2 
4 
4 

Additional structures may, however, experience 
indirect flood damages through sanitary sewer 
backup. It should be noted that the flood control 
measures considered under this system plan are 
primarily intended to alleviate flood damages 
from direct overland flooding along the streams 
studied, as well as to provide an adequate outlet 
for local storm sewers and drainageways. These 
measures will also help to reduce flooding due to 
localized stormwater drainage problems or 
sanitary sewer backups. 

The total average annual flood losses-dam
ages-for the Tess Corners Creek subwatershed 
are estimated at $51,500 under existing land use 
and channel conditions. Flood losses from a 
100-year recurrence interval event are estimated 
at $599,000 under existing land use and channel 
conditions. 
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Source: SEWRPC. 

Results of the hydrologic and hydraulic analyses 
conducted of the Tess Corners Creek subwa
tershed indicated that there should be no signifi
cant increase in flood flows and stages under 
planned land use and existing channel condi
tions along the four studied stream reaches 
having the potential for stormwater damages. 



This is to be expected because the drainage area 
tributary to these reaches is already largely 
developed for urban use. Since no significant 
increase in potential flood damages is expected 
under planned land use and existing channel 
conditions, only the estimated monetary flood 
damages under existing land use and channel 
conditions were used in the study. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
of the related roadway. Based on these criteria, 
one bridge on Tess Comers Creek, one bridge on 
Whitnall Park Creek, and six bridges on the 
North Branch of Whitnall Park Creek are consid
ered hydraulically inadequate, as shown in 
Appendix E. These bridges are at S. 92nd Street 
on Tess Comers Creek; S. 92nd Street on Whit
naIl Park Creek; W. Grange Avenue; S. 112th 
Street; W. Copeland Avenue; W. Mallory Avenue; 
W. Abbott Avenue; and W. Woodside Drive on the 
North Branch of Whitnall Park Creek. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for development of design 
discharges for the North Branch of Whitnall 
Park Creek, the Northwest Branch of Whitnall 
Park Creek, and Whitnall Park Creek upstream 
of S. 108th Street were developed by the Regional 
Planning Commission using the model known as 
the Illinois Urban Drainage Area Simulator 
(ILLUDAS). This model uses discrete rainfall 
patterns for the selected recurrence interval 
design storms. Peak flow rates are determined by 
applying the rainfall patterns to contributing 
drainage areas to produce runoff hydrographs 
which are combined to form instream discharges. 

The hydrologic model used for development of 
design discharges for Tess Comers Creek and 
Whitnall Park Creek downstream of S. 108th 
Street, the HydroComp hydrologic model, simu
lates streamflow on a continuous basis, using 
recorded climatological data as input. Dis
charges were computed at hourly time intervals. 
Flood discharges were developed by conducting 
discharge-frequency analyses of simulated 
annual peak discharges generated by the hydro
logic model using the log Pearson Type III 
method of analysis, as recommended by the 
U. S. Water Resources Council and as specified 
by the Wisconsin Department of Natural Resour-

ces. Because of the relatively small tributary 
drainage area of these two streams, it was 
suspected that the time of peak discharge on the 
stream was relatively short; thus it could be 
missed utilizing only an hourly time interval in 
the analyses. Additional simulations were per
formed, therefore, using a 15-minute time inter
val and related design rainfall events. The use 
of design rainfall events was necessary since the 
time and cost of simulating continuous stream
flows at 15-minute intervals for the 39 years of 
available climatological data would be 
prohibitive. 

The design rainfall events were developed using 
10-, 50-, and 100-year recurrence interval rainfall 
volumes obtained from the updated point rain
fall depth-duration-frequency relationships 
developed by the Regional Planning Commis
sion as described in Chapter III. The rainfall 
distribution utilized for each design storm was 
the median distribution of a first-quartile storm, 
as shown in Chapter III. The design storm 
duration was determined for a given recurrence 
interval by simulating the peak discharge at a 
given location for a range of storm durations. 
The storm duration and associated rainfall 
volume which produced the largest peak dis
charge at a given location for a given recurrence 
interval was selected as the design storm for 
that location. The estimated peak flood dis
charges under existing and planned, year 2000 
land use conditions and existing channel condi
tions are set forth in Table 52. 

Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 5.67 miles of stream reaches 
recommended for District jurisdiction in the Tess 
Corners Creek subwatershed, constitute a 
graphic representation of the flood stages along 
the four studied stream reaches under the 
specified recurrence interval flood discharges, 
and under planned land use and existing chan
nel conditions. In addition to providing an 
overall representation of flood stages relative to 
familiar points of reference such as the channel 
bottom and bridge deck surfaces, the profiles, 
because of their continuity, permit the determi
nation of flood stages at any location along the 
stream channel. The flood profiles are shown on 
Figure 39. The extent of the 100-year recurrence 
interval floodplain under planned land use 
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Table 52 

FLOOD DISCHARGES FOR TESS CORNERS CREEK SUBWATERSHED FOR 
EXISTING AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cubic feet per second) 

Existing Land Use Year 2000 Planned 
Existing Channel Land Use, Existing 

Conditions Channel Conditions 
River 

Location Mile 10-Year 50-Year 1oo-Year 10-Year 50-Year 100-Year 

Tess Corners Creek 
S. 92nd Street 0.54a 690 1,460 1,770 850 1,710 2,030 
Whitnall Park Drive 0.58 690 1,460 1,770 850 1,710 2,030 
Whitnall Park Dam 0.84 690 1,460 1,770 850 1,710 2,030 
W. Rawson Avenue/CTH BB 2.04 690 1,460 1,770 850 1,710 2,030 
Private Drive 2.33 910 1,660 1,950 1,080 1,920 2,240 

Whitnall Park Creek 
W. College Avenue 0.06b 980 1,860 2,190 980 1,860 2,190 
S. 92nd Street 0.17 980 1,860 2,190 980 1,860 2,190 
Whitnall Park Drive 0.24 980 1,860 2,190 980 1,860 2,190 
Whitnall Park Dam 0.26 980 1,860 2,190 980 1,860 2,190 
Whitnall Park Drive 0.39 980 1,860 2,190 980 1,860 2,190 
Whitnall Park Dam 0.40 980 1,860 2,190 980 1,860 2,190 
Whitnall Park Dam 0.64 980 1,860 2,190 980 1,860 2,190 
Whitnall Park Drive 0.97 1,000 1,500 1,800 1,000 1,500 1,800 
Whitnall Park Drive 1.43 1,000 1,500 1,800 1,000 1,500 1,800 
Whitnall Park Drive 1.47 1,000 1,500 1,800 1,000 1,500 1,800 
S. 108th Street/STH 100 1.62 697 1,090 1,273 734 1,160 1,373 
W. Forest Home Avenue/CTH 00 1.70 546 925 1,116 592 1,000 1,207 

Northwest Branch Whitnall Park Creek 
W. Janesville Road 0.09c 207 335 394 204 335 398 
W. Godsell Road 0.25 201 280 312 200 275 311 
W. Parnell Avenue 0.39 201 280 312 200 275 311 

North Branch Whitnall Park Creek 
W. Grange Avenue 0.24d 93 170 211 100 175 214 
S. 112th Street 0.36 122 185 212 128 190 216 
W. Copeland Avenue 0.41 122 185 212 128 190 216 
W. Mallory Avenue 0.47 122 185 212 128 190 216 
W. Upham Avenue 0.53 103 155 178 109 160 182 
W. Abbott Avenue 0.58 91 137 158 97 140 163 
W. Edgerton Avenue 0.78 62 89 102 59 85 95 

aOistance in river miles above confluence with Root River. 

bOistance in river miles above confluence with Tess Corners Creek. 

cOistance in river miles above confluence with Whitnall Park Creek. 

dOistance in river miles above confluence with Northwest Branch of Whitnall Park Creek. 

Source: S£WRPC. 
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conditions is shown on Map 97. This delineation 
of the flood hazard area was accomplished using 
one inch equals 100 feet scale, two-foot contour 
interval topographic maps prepared to Regional 
Planning Commission specifications. 

Alternative Flood Control and 
Related Drainage System Plans for 
the Tess Corners Creek Subwatershed 
Two alternative stormwater management sys
tem plans were considered for alleviating the 
drainage and potential flood damage problems 
in the Tess Corners Creek subwatershed: 1) a 
conveyance plan; and 2) a detention storage 
plan. These alternative system plans were 
developed for Whitnall Park Creek, the North
west Branch of Whitnall Park Creek, and the 
North Branch of Whitnall Park Creek under the 
Village of Hales Corners study. No such alterna
tive plans were developed for Tess Corners Creek 
or Whitnall Park Creek downstream of the 
Village of Hales Corners corporate limits since 
no flooding or related drainage problems exist 
along these stream reaches. 

It should be noted that while the major drainage 
system components developed under the village 
plan were designed to eliminate all damages 
from flood events up to and including the 100-
year recurrence interval event, the plan did leave 
two structures to be floodproofed in order to 
reduce the cost of the recommended structural 
flood control works. 

Alternative Plan I-Conveyance: The convey
ance alternative plan involves the provision of 
new storm sewers and engineered open channels 
and attendant culverts to abate stormwater 
runoff problems and to effectively serve planned 
new urban development within the Village. 
Map 98 shows the location and alignment of 
proposed channel enclosures and engineered 
open channels and culverts proposed under the 
conveyance alternative. The salient characteris
tics of the proposed channel enclosures, 
improved channels, and attendant culverts 
comprising this alternative plan are as follows: 

North Branch of Whitnall Park Creek 

1. About 1,240 lineal feet of channel enclo
sure consisting of 48-inch buried conduit in 
S. 113th Street from 180 feet south of W. 
Edgerton Avenue to W. Upham Avenue. 

2. About 940 lineal feet of channel enclosure 
consisting of 54-inch buried conduit in 

S. 113th Street from W. Upham Avenue to 
W. Copeland Avenue and in W. Copeland 
Avenue from S. 113th Street to S. 112th 
Street. 

3. About 665 lineal feet of channel enclosure 
consisting of buried conduits in S. 112th 
street from W. Copeland Avenue to W. 
Grange Avenue. 

4. About 125 lineal feet of channel enclosure 
consisting of two 60-inch buried conduits 
from W. Grange Avenue south. 

5. Regrading of 1,100 feet of open channel 
upstream of the confluence with the North
west Branch of Whitnall Park Creek. 

6. About 1,250 lineal feet of street regrading 
in W. Copeland Avenue from S. 111th 
Street to west of S. 112th Street; in S. 112th 
Street from W. Copeland Avenue to W. 
Grange Avenue; and in W. Grange Avenue 
to east and west of S. 112th Street. 

Northwest Branch of Whitnall Park Creek 

1. Installation of twin 78-inch culvert under 
driveway immediately north of W. Janes
ville Road (STH 24). 

2. About 400 feet of channel improvement 
downstream ofW. Janesville Road (STH 24) 
to confluence with Whitnall Park Creek. 

3. Installation of twin 78~inch culvert under 
driveway 200 feet south of W. Janesville 
Road (STH 24). 

4. About 300 feet of channel improvement 
downstream of the confluence of the North 
Branch of Whitnall Park Creek. 

Whitnall Park Creek 

1. About 150 feet of channel improvement 
downstream of confluence of Northwest 
Branch of Whitnall Park Creek. 

2. Installation of 20-foot by 6-foot box culvert 
under driveway at confluence with North
west Branch of Whitnall Park Creek. 

3. Removal of the driveway crossing 150 feet 
downstream of confluence of Northwest 
Branch of Whitnall Park Creek. 
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The conveyance alternative thus consists of 
enclosing 2,970 lineal feet of the North Branch 
of Whitnall Park Creek in buried conduit rang
ing in size from 42 to 60 inches in diameter. All 
buried conduit is assumed to be constructed of 
reinforced concrete pipe. 
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About 1,950 lineal feet of new engineered open 
channels would be provided under this alterna
tive. The new engineered channels would be 
concrete-lined, or a combination of concrete-lined 
bottom and turf side slopes. The plan also 
includes three new culvert installations consist
ing of two twin 78-inch corrugated metal pipes 
and a single 20-foot-wide by 6-foot-deep concrete 
box culvert, and removal of a driveway crossing. 

Alternative Plan 2-Detention Storage: The 
detention storage alternative plan would provide 
for construction of a parking lot detention 
facility to reduce downstream discharge, allow
ing the use of smaller conveyance facilities 
downstream. The parking lot detention facility, 
along with supplementary conveyance facilities, 
would serve to abate storm water drainage 
problems and to effectively accommodate 
increased runoff from new urban development. 
Map 99 shows the location of the proposed 
parking lot storage facility and of the major 
supplementary conveyance facilities. The salient 
characteristics of the proposed channel enclo
sure, open channels , and detention facility 
comprising this plan are as follows: 

North Branch of Whit nail Park Creek 

1. About 1,420 feet of channel enclosure 
consisting of 48-inch buried conduit in S. 
113th Street from W. Edgerton Avenue to 
W. Upham Avenue. 

2. About 940 feet of channel enclosure con
sisting of 54-inch buried conduit in S. 
113th Street from W. Upham Avenue to W. 
Copeland Avenue; and in W. Copeland 
Avenue from S. 113th Street to S. 112th 
Street_ 

3. About 1,250 lineal feet of road regrading in 
W. Copeland Avenue from S. 111th Street 
to the west of S. 112th Street; in S. 112th 
Street from W. Copeland Avenue to W. 
Grange Avenue; and in W. Grange Avenue 
to east and west of S. 112th Street. 

4. A 5.3-acre-foot detention facility at Hales 
Corners Lutheran SchooL 

5. About 665 feet of channel enclosure con
sisting of 54-inch buried conduit from 
detention facility to W. Grange Avenue. 

6. About 125 feet of channel enclosure con
sisting of 60-inch buried conduit from W. 
Grange Avenue south. 
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7. About 1,100 feet of channel reconstruction 
upstream of the confluence with the North
west Branch of Whitnall Park Creek. 

Northwest Branch of Whitnall Park Creek 

1. Installation of a 12-foot by 6-foot box 
culvert under driveway immediately north 
ofW. Janesville Road (STH 24). 

2. About 400 feet of channel improvement 
downstream of W. Janesville Road 
(STH 24) to confluence with Whitnall Park 
Creek. 

3. Installation of a 12-foot by 6-foot box 
culvert under driveway 200 feet south of W. 
Janesville Road (STH 24). 

4. About 300 feet of channel improvement 
downstream of the confluence of the North 
Branch of Whitnall Park Creek. 

Whitnall P ark Creek 

1. About 150 feet of channel improvement 
downstream of confluence of Northwest 
Branch of Whitnall Park Creek. 

2. Installa tion of a 16-foot by 6-foot box 
culvert under driveway at confluence with 
Northwest Branch of Whitnall Park Creek. 

3. Removal of the driveway crossing 150 feet 
downstream of confluence of Northwest 
Branch of Whitnall Park Creek. 

The detention storage alternative provides for 
construction of a parking lot detention facility 
which would have a maximum surface area of 0.2 
acre and a storage volume of about 5.3 acre-feet 
under lO-year recurrence interval runoff condi
tions_ Suppl ementary conveyance measures 
include enclosing 3,150 lineal feet of the North 
Branch of Whitnall Park Creek in buried conduit 
ranging in size from 42 to 60 inches in diameter. 
Three new culvert installations are proposed 
consisting of two 12-foot-wide by 6-foot-deep 
concrete box culverts and one 16-foot-wide by 
6-foot-deep concrete box culvert. Also proposed is 
removal of a driveway crossing. All buried 
conduit is assumed to be constructed of rein
forced concrete pipe. About 1,950 feet of new 
engineered open channels would be provided 
under this alternative, as shown on Map 99. All 
of the new engineered channels would be 
turf-lined. 
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Alternative Supplementary 
Flood Control Measures for the 
Tess Corners Creek Subwatershed 
While the alternative flood control and related 
drainage system plans discussed above would 
eliminate the majority of drainage and flooding 
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problems of the Tess Corners Creek subwa
tershed, two structures may be expected to 
continue to experience damage from a flood 
having a recurrence interval of 100 years or 
more-an office building located along the south 
bank of Whitnall Park Creek immediately down
stream of S. 108th Street; and an apartment 
building located along the east bank of the 
Northwest Branch of Whitnall Park Creek 
immediately upstream of W. Janesville Road. 
Since the plan presented herein is intended to 
eliminate damages from floods having a recur
rence interval up to and including 100 years, two 
alternative supplementary flood control mea
sures were considered: 1) Structure Floodproof
ing; and 2) Combination Bridge Replacement 
and Structure Floodproofing. 

Alternative Plan 1 consists of floodproofing the 
two subject structures at a capital cost of 
$104,200. 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 $6,500. 

Alternative Plan 2 consists of the replacement of 
three bridges-the first two parkway drive 
crossings of Whitnall Park Creek and the W. 
Janesville Road crossing of the Northwest 
Branch of Whitnall Park Creek-and floodproof
ing of the office building along Whitnall Park 
Creek. Replacement of these three bridges with 
structures having greater hydraulic capacity 
would eliminate the potential flood problem for 
the apartment building concerned and greatly 
reduce the depth of inundation of the office 
building concerned, thus minimizing the flood
proofing cost incurred. The capital cost of this 
alternative is $492,000. 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 $31,200. 

Recommended Flood Control and 
Related Drainage System Plan for 
the Tess Corners Creek Subwatershed 
The recommended stormwater management and 
flood control system components for the stream 
reaches recommended for District jurisdiction in 
the Tess Corners Creek subwatershed, along 
with the attendant costs, are set forth in 
Table 53. The recommended plan is summarized 
in graphic form on Map 100, which identifies the 
boundary of the 100-year recurrence interval 
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floodplain under planned land use and channel 
conditions. The 100-year flood profile under 
planned land use and channel conditions is 
shown in Figure 40. 

The recommended flood control and related 
drainage system includes a detention storage 
component and conveyance components. The 
detention storage component consists of a single 
surface detention facility with associated inlets 
and outlets. The conveyance components 
include: 1) buried conduit and related inlets, 
manholes, and outfalls; 2) engineered open 
channels; and 3) street cross-sections. Full street 
cross-sections are to be utilized to convey flows 
in excess of those generated by a 10-year recur
rence interval runoff event and up to and 
including the flows generated by a 100-year 
recurrence interval runoff event. The capacity of 
the street cross-section under 100-year recurrence 
interval flood conditions along the North 
Branch of Whitnall Park Creek in the vicinity of 
W. Copeland Avenue may be expected to be 
exceeded under planned land use and existing 
channel conditions. In this area, however, 
inundation of land beyond the street cross
section at and below the peak flood stages will 
not result in property damage or pose a threat 
to public health and safety. It should be noted 
that approximate street pavement crown eleva
tions are recommended for all intersections and 
for all locations of recommended changes in 
street grade. These are intended to assure the 
proper functioning of the major storm water 
drainage system, and are intended to be used as 
guides in the establishment of street grades. 

As shown in Table 53, the recommended flood 
control and related drainage system plan com
ponents for the stream reaches recommended for 
Milwaukee Metropolitan Sewerage District juris
diction in the Tess Corners Creek subwatershed 
have an estimated capital cost of $1,433,000. 
Annual operation and maintenance costs are 
estimated at $6,200, yielding at total average 
annual cost of $97,200. As presented earlier, the 
estimated average annual monetary flood dam
age for these stream reaches is $50,500. There
fore, implementation of the recommended plan 
for these stream reaches would result in average 
annual benefits of $50,500, with the recom
mended plan having a benefit-cost ratio of 0.52. 
Although this benefit-cost ratio is less than one, 
the recommended plan presented herein is 
intended not only to eliminate the monetary 
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damages within the subwatershed resulting 
from major storm events such as those having 
a recurrence interval of greater than 10 years, 
but also to eliminate the stormwater drainage 
problems which occur frequently as a result of 
storms of lesser magnitude. 

In addition to the plan elements described below, 
it is recommended that replacement bridges for 
those structures shown in Appendix E as having 
inadequate hydraulic capacities be designed so 
as to pass the recommended design flood flow 
without overtopping of the attendant roadway. 
Such replacement is not required for flood 
control purposes, but rather should be carried 
out for transportation or other purposes. 

Description of the Recommended Stormwater 
Management System by Stream Reach 
A brief summary of the recommended plan 
components for each of the three stream reaches 
recommended for District jurisdiction is provided 
below. 

North Branch of Whitnall Park Creek: To 
improve the stormwater drainage conditions in 
the problem areas and to accommodate antici
pated runoff conditions, approximately 3,150 
lineal feet of channel enclosure consisting of 
buried conduit, ranging in size from 42 inches to 
66 inches in diameter, is proposed to be installed. 
In addition, a 5.3-acre-foot detention basin is 
proposed to be constructed in the Hales Corners 
Lutheran School playground and parking lot off 
S. 112th Street. The following streets are pro
posed to be lowered and reconstructed: S. 112th 
Street between W. Copeland Avenue and W. 
Grange Avenue by 2.1 feet to 1.2 feet; 
W. Copeland Avenue in the vicinity of S. 112th 
Street up to 2.1 feet; and W. Grange Avenue in 
the vicinity of S. 112th Street up to 2.1 feet. The 
intersection ofW. Copeland Avenue and S.l1lth 
Street is proposed to be raised about 0.5 foot. 
Approximately 1,100 lineal feet of turf-lined 
channel is recommended to be constructed from 
the confluence with the Northwest Branch of 
Whitnall Park Creek. 

Northwest Branch of Whitnall Park Creek: To 
improve the stormwater drainage conditions, 
two 12-foot-wide by 6-foot-high concrete box 
culverts are proposed to be installed under the 
driveway located immediately north of 
W. Janesville Road and under the driveway 
located 200 feet south of W. Janesville Road. 
Approximately 400 lineal feet of open channel 

downstream of W. Janesville Road to the conflu
ence with Whitnall Park Creek, and 300 lineal 
feet of open channel downstream of the conflu
ence with the North Branch of Whitnall Park 
Creek, are proposed to be improved. The street 
system required to support future urban develop
ment should be carefully designed with respect 
to location, configuration, and horizontal and 
vertical alignment to provide the necessary 
major drainage system capacity. In addition, an 
apartment building located along the east bank 
of the stream immediately upstream of W. 
Janesville Road is proposed to be floodproofed. 

Whitnall Park Creek: To improve the storm water 
drainage conditions, a 12-foot-wide by 6-foot
high concrete box culvert is proposed to be 
installed under a driveway located near the 
confluence with the Northwest Branch of Whit
naIl Park Creek. Approximately 150 lineal feet 
of open channel downstream of the confluence of 
the Northwest Branch of Whitnall Park Creek is 
proposed to be improved; and the driveway 
crossing located 150 feet downstream of the 
confluence of the Northwest Branch of Whitnall 
Park Creek is proposed to be removed. The street 
system required to support future urban develop
ment should be carefully designed with respect 
to location, configuration, and horizontal and 
vertical alignment to provide the necessary 
major drainage system capacity. In addition, an 
office building located along the south bank of 
the stream immediately downstream of S. lOath 
Street is proposed to be floodproofed. 

Flood Control and Related 
Drainage System Plan Implementation 
The recommended flood control and related 
drainage system plan components for the three 
stream reaches recommended for District juris
diction in the Tess Corners Creek subwatershed 
consist of channel enclosure, channel improve
ment, detention facility construction, bridge 
replacement, street reconstruction, and structure 
floodproofing. It is recommended that the costs 
for channel enclosure, channel improvement, 
and demolition of bridges proposed to be 
replaced or removed be borne by the Milwaukee 
Metropolitan Sewerage District, as set forth in 
Table 54. It is recommended that the detention 
facility construction, new bridge construction, 
and street reconstruction be borne by the Village 
of Hales Corners. The structure flood proofing 
measures would be undertaken by the property 
owners directly affected. It is further recom
mended that the professional services required to 
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Table 53 

SELECTED CHARACTERISTICS AND COSTS OF THE RECOMMENDED FLOOD CONTROL 
AND RELATED DRAINAGE SYSTEM PLAN FOR THE TESS CORNERS CREEK SUBWATERSHED 

Estimated Cost 

Annual Annual Total 
Amortized Operation and Annual 

Stream and Component Description Capital Capitala Maintenance Cost 

North Branch Whitnall Park Creek 

1. 1,420 feet of 48-inch buried conduit 
in 113th Street from Edgerton Avenue 

Ob to Upham Avenue ............ · .. $ 364,000 $23,100 $ $23,100 
2. 940 feet of 54-inch buried conduit in 113th 

Street from Upham Avenue to Copeland 
Avenue and in Copeland Avenue from 

Ob 113th Street to 112th Street ...... · . 279,000 17,700 17,700 
3. 5.3 acre-foot detention facility at Hales 

Corners Lutheran School ....... · . 131,000 8,300 5,300 13,600 
4. 580 feet of 60-inch storm sewer from 

detention facility to Grange Avenue · .. 200,000 12,700 Ob 12,700 
5. 210 feet of 66-inch storm sewer from 

Grange Avenue south 180 feet ..... · .. 82,200 5,200 Ob 5,200 
6. 1,100 feet of channel reconstruction 

upstream of the confluence with the 
Northwest Branch Whitnall Park Creek · .. 68,600 4,300 400 4,700 

7. 1,250 feet of road reconstruction in 
Copeland Avenue from 111 th Street to 
west of 112th Street, in 112th Street 
from Copeland Avenue to Grange Avenue, 
and in Grange Avenue east and west of 
112th Street ................. 80,000 5,100 0 5,100 

Subtotal $1,204,800 $76,400 $5,700 $82,100 

Northwest Branch Whitnall Park Creek 

1. Install one 30-foot-long by 12-foot-wide 
by 6-foot-deep concrete box culvert 
under driveway immediately north of 
Janesville Road ............. ... $ 32,100 $ 2,000 $ Ob $ 2,000 

2. Install one 30-foot-long by 12-foot-wide 
by 6-foot-deep concrete box culvert 
under driveway 200 feet south of 
Janesville Road ........... ..... 32,100 2,000 0 2,000 

3. 400 feet of channel improvement 
downstream of Janesville Road to 
confluence with Whitnall Park Creek .... 10,100 700 200 900 

4. 300 feet of channel reconstruction 
downstream of confluence of North 
Branch Whitnall Park Creek . ... · . 9,900 600 200 800 

5. Floodproof one building ......... · . 23,900 1,500 0 1,500 

Subtotal $ 108,100 $ 6,800 $ 400 $ 7,200 
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Table 53 (continued) 

Estimated Cost 

Annual Annual Total 
Amortized Operation and Annual 

Stream and Component Description Capital Capitala Maintenance Cost 

Whitnall Park Creek 

1. Install one 25-foot-long by 16-foot-wide 
by 6-foot-deep concrete box culvert under 
driveway at confluence of Northwest 
Branch Whitnall Park Creek . . . . . . . . $ 33,000 $ 2,100 $ 0 $ 2,100 

2. 150 feet of channel improvement 
downstream of confluence of Northwest 
Branch Whitnall Park Creek . . ...... .. 3,800 300 100 400 

3. Remove one driveway crossing 150 feet 
downstream of confluence of Northwest 
Branch Whitnall Park Creek . .. . . 5,000 400 0 400 

4. Floodproof one structure ......... 78,500 5,000 0 5,000 

Subtotal $ 120,300 $ 7,800 $ 100 $ 7,900 

Total $1,433,200 $91,000 $6,200 $97,200 

aAnnual amortized capital cost is based on an annual interest rate of 6 percent and an amortization period and project 
life of 50 years. 

bCosts were noted to be zero when the project proposed replacement of a component with a component which has 
similar operation and maintenance costs. 

Source: SEWRPC. 

Table 54 

SUMMARY OF RECOMMENDED PLAN CAPITAL COSTS FOR THE TESS CORNERS CREEK SUBWATERSHED 

Estimated 
Implementing Agency Improvements Capital 

Cost 

Milwaukee Metropolitan Sewerage Commission Channel enclosure $ 925,200 
Channel improvement 92,400 
Bridge and culvert removal 20,000 

Subtotal $1,037,600 

Village of Hales Corners Detention facility $ 131,000 
Culvert construction 82,200 
Street reconstruction 80,000 

Subtotal $ 293,200 

Total $1,330,800 

Source: SEWRPC. 
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RECOMMENDED PLAN FLOOD STAGE PROFILES FOR TESS CORNERS CREEK, WHITNALL PARK 
CREEK, NORTHWEST BRANCH WHITNALL PARK CREEK, AND NORTH BRANCH WHITNALL PARK CREEK 

PAIVolTE OR . 
1750 
2.;':' 

i , 

FLOOD SU,<i€-Y£:AA 2000 f'lAhtlEO LAhlI 
USE AND EXISTING CHAN€L COtOTlONS 

IOO _YEAR RECURREHCE INTERVAL 

W. RAWSON AVE . 
CTH liB 
17~S 

l 

~:~~:: :~~~:=~:i~ :~n:~:t--_J 

'llMITNAlL PARK 
D~ 
Ir.o 
0 . 84 

i 
'oIIIHITNA LL 
PARI( DR . 

1705 
0.58 

i 
S . !t2ND S f . 

' ' '0 
0. 54 , 

'" 

~. 710 

~=-=== 
'-----LEGEr«> 

S. 92Kl ST. _ BRIDGE IDENTFICATlON:. Nol": 

CTH BEl _ SRIlGE llENTf"ICA lION: COUNTY. 

me 
2.0< 

, 

STATE. OR FEDERAL DESlGNA1JOH 
_ STRUC T1JRE IOENTFICA lION MJW8£.A 

_RlVEA...-L 
_ HYDRAlUCALL Y NSIGI*ICANT 

_ HYORALUCALL Y SlG/lFICANT 

_RAl.»tG AT STREAM CENTERLNE 

_OECK AT STREAM CEHTEAlNE 
_LOW ~T IN APPfIOACH A(JAOWAY 

F HOT 8RDGE DEOC 
... _ LOW CHORD OR CROWN Of" CLOSED 

00""'" --1 ___ EXISTING STREA/leED 

'.0 

\ 

'.0 2.0 , . 0 
STREAM DISTANCE IN RIVER .... ES ABOYE CONfU£HCE WITH ROOT RIVER 



D 

• 

LEGEND 
100-YEAR RECURRENCE INTERVAL 
FLOODPLAIN. YEAR 2000 
PLANNED LAtoO USE AND EXISTING 
CHANNEL CONDlT~S 

100-YEAR REC~RENCE INTERVAL 
FLOOOf'\..AIN-YEAR 2000 
PLANNED LAl'Ll USE At.O PLANNED 
CHANNEL CONDITIONS 

APPROXIMATE EXISTING CliAM.a 
C[NT[Rl11'£ At.O RIVER MILE 
STATlONlNG 

STRUCTURE fl.OOOPROOFI/.,1G 

PROPOSED OPEN CHANNEL INPROVEMENT 

_ PROPOSED DRIVEWAY CROSSING REMOVAL 

NOTE THE AVAILA8ItITY Of" LARGE.SCALE 
TOPOGFlAPHIC MAPf'ING FOR 
.... 'HfTNALL PARK CREEK IS 
SHOWN IN APPENDIX H 

DUE 10 MAP SC"'LE UMITA 1101\$. THE DIFFERENce 
H(lWHN IHr l OOVEAR RrCUflRI Nn INllAVAl 
FLOOOLANDS UIIDER PLANNED LAND USE AND EXISTING 
CHANNEL COloDllI0N!i. AND THE 100 YEAR RECURRENCE 
INTERVAL FLOOD LANDS UNDER PLANNED lAND usr 
AND PLANNED CHANNEL CONomONS MAY 1'101 
"PP~AH ON IHIS MAP WHEAE NO 011 I [ H(NC[ APP[AHS 
REFERENCE SHOULD BE MADE TO THE FLOOD STAGE 
PROFILE SHOWN 8ElOW 

t 
...... --.~..:.-... ' 

Map 100 (continued) 

1 



w 

'" 

Figure 40 (co n t inued) 

'''' 

'" 

W. FOREST HOME 
elH 100 

1960 

AVE . 

PROPOSED 
NEW BR l OGE 
PRIVATE OR. 

1970 
1 , 81 , 

I 
PROPOSED TO 8E 

REMOVED 
PRIVATE DR. 

1 96~ 
1.78 , 

1.70 , 
Is . 108TH ST. 

I ST'~5~OO 

IT 
PRIVATE DR. 

1959 I 
1. 68 

~1 

WH I THALL PARK DR. 
19'15 
1. "13 

[ 

\'/H I TNALL PARK 
19050 
1.47 , 

\ ----- . 
\ , ----- ~ \ -i 

J . FLOOD STAGE YEAR 2000 
\ I \ ~ PLA~E.O LAN() USE 11M! 'l. Pl/IMIIEO CHAM'4EL CO-'OIT<ONS 

'-~",-,,11 ",\ 00·,,,, "'""'"" on,"", 

-l ~ " , . 
FLOOD ST AGE:- YEAR <'000 PLANNED LANe ""'-
USE At{) EXISTING OiANNEL CONDITIONS" ~ 

100-YEAR RECURRENCE INTERVAL \.~ 
!iO-YEAR RECUPRENCE INTERVAL==~>( \' 
10_YEAR RECURRENCE INTERVAL "" ~ 

\ ~ 
\ ~ 

LEGEND \ ~ \ . 

NO 

S. IOBTH ST. __ BRIDGE IDEN"TFlCATION: NAME \ ~, 

"0 

STH 100 

." 
CO, 

I 

__ BRIDGE IDENTFlCATION: COUNTY. 
STATE. OR FEDERAL DESIGNATION 

_STR\JCT~ DENTFICATION NUMBER 

-RIVER h'LE 
_ HYORAltJCALL Y IOSlGNfJCANT 
_ HYDRAUUCALl. Y SIGN!FlCANT 

-RAILING AT STREAM CfNT£RLt.E 
__ D£C,;: AT STA£AIoI CDlT£RLIHE 

___ LO W PONT IN APPROAOf ROADWAY 
F NOT BRCGE DEC!( 

~ _ LO W CHORD OR CROWH Of CLOSE!) 

--1 ___ = 5TRfAIoI6ED 

no 
'00 I . 7~ "'0 I .2~ 

STREAM DISTANCE IN RlV£A MLES I\BQ>IE COHf\J.J£HCE WITH TESS CORNERS CREEK 

\ " " " " \ 730 
\ 

no 
, .00 

760 760 

, 

WH I TNALL PARK DR. 
1940 
0. 97 , 

FOOT8R lOGE 
1935 

O. '" , 

I WH ITNALL PARI< 
1931 
0.64 , 

I 
FOOTBR IDGE 

1930 

011' 
II 

---

FLOOD STAGE_YEAR rooo PLANNED LANe 
USE ArfJ EXlSTtlG CHANt£L COt{)J1IONS 

IOO-YEAR RECURRENCE INTERVAL 
50- YEAR RECURRENCE INTERVAL 
10_ YEAR RECURRENCE INTERVAL 

'00 
0.00 O.7!5 

WH I THALL PARK 
192 1 

0 ."0 , 

FOOTBR I DGE 
1925 

I WH I TNALL PARK 
1916 
0.26 , 

0 ,49 I 

r I THALL PARK DR 
1920 , " 

''" 

I 111 WH I THALL PARK 
1915 
0.24 , , 

w. COLLEGE 

'90' 0.06 , 

I II 

I' ~-+-_I~ 
I

S . ~;~~ ST. 

0.17 , 

, I 

I 

"J --

0.50 0.2.(1 

5TREAIII DtSTNCE IN RIVER ..-...£$ A80YE CONfl..UENCE WITH TESS CORPER$ CRE£K 

'00 
0.00 



o 
02 

--+-

• 

LEGEND 
I OO · YEAR RECURFiENCE I NTERYAL 
fLOOOPLJ; I N_ YEAR 2000 
PLANNf:D LMiO USE AND EXISTING 
CHA.NNEL COND I T IONS 

100_ YEAR RECURRENCE I NT£F\VAL 
FLOODpLAI N_Y£AF\ 2000 
PLANNED LAND USE AND PL ANNED 
CHANNEL COND ITI ONS 

APpROXI IMiAl £ EXISTI NG CHANNEL 
CENTERL I NE AND RIVER M ILE 
STATIONING 

STRUCTURE FLOOD PROOF I NO 

PROPOSED OPEN CHANNEL IMPROvEM(tn 

_ PROPOSED CULVERT 

NOTE: THE AVA ILAB I LITY Of LARGE-SCALE 
TOPOGRAPH I C MApp I NG fOR 
NORTtf<¥EST BRANCH Of 
WH ITNALL PARK CREEK IS StfOWN IN 
""ppENDIX H 

DUE TO MAP SCALE UMI1"" I IONS. mE DIFFERENCE BET\VEEN THE 100 YEAR 
RECURRENCE INTERVAL FLOOOLANOS UNDER PlANNED lAND use ""NO f XISnNG 
CHANNEL CONDITIONS. AND THE lOO·Y£AA RECURflPiCE IIfTERVAl FLOODLANDS 
UNDER P\.A"<N(O LAND USE AND PlANNED OtA,NNEL CONOlTlONS, MAY NOT APP£AR 
ON THIS MAP WHERE NO DIFFERENCE APPEARS REF[fI(NC( SHOULD 8E MADE TO 
THE fLOOD STAGE I'flDfIl[ SHOWN OElOVI 

TYPICAL CROSS SECTION OF PROPOSED OPEN 
CHANNEL IMPROVEMENT ALONG NORTHWEST 

BRANCH WILSON PARK CREEK FROM 
CONFLUENCE WITH WILSON PARK CREEK 

TO w. JANESVLLE RD.{STH 24) 

YEAR 2000 LAND USE PROPOSfD CHAl'N£l 
100 YEAR FLOOO STAGE~ 

~PROf'OSEO 
fURf' ·L"ItiG --"----' 

10 20FEET 

............ TYPICAL CROSS SECTION OF PROPOSED OPEN 

o 

CHANNEL IMPROVEMENT ALONG NORTHWEST 
BRANCH WILSON PARK CREEK FROM 

W. PARNELL AVE. TO CONFLUENCE WITH 
NORTH BRANCH WHITNALL PARK CREEK 

YEAR 2000 LANO use f'ROf'OSlO CHANt£L 

IOO-YEARFLOOQSTAGE ~ ___ _ 

TUAf'L~ PROPOSEO 

10 20FEEl 

= 
GR"PH'C SC,,"LE 



'90 

'" 

760 
0 .. 

CONFLUE NCE WI Ttl 
NORTH BRANCH OF 
WI"II THALL PARK CREEK 
O . ~ .. 

0.40 0 . 35 0,30 

Figure 40 (continued) 

W. GODSELL 
2215 
0.25 , 

0.2;5 

'0 . 

0 . 20 O. I S 

STREAM DISTANCE IN RIVER MILES AaovE CONPLUEHCE WITH WHIllIALL PARI( CM:o; 

LEGEND 

W. JAl£SVLLE RD. _ BRIDGE C£NTFICATION: NAME 

_ OACGE IOENTFICA noN: COl..WTY, 
STATE. OR fEDERAL OESIGNATION 

2205 _ STRVCTI.flE OEHTFICATION MJMOER 

0.09 --RIVER ..... E 
_ HYORA\A.ICALL y ttSlGPFlCANT 
_ IiYDRA\.UCALL Y SIGNIIflCAHT 

__ RALHG AT STREAIII CENTERLR 

_DECK AT STRE4M CENTERUN£ 

- LOW POItlT .. APPROACH ROADWAY 
F NOT BRl:lGE DECK 

.... _ LOW CHORO 011 CROWN OF CLOSED 
00""'"' - - 1 __ _ EXI$TfoIG STR£AIoI9ED 

- - - _ _ ~OPOSFO CHIINM:l NVERT 

"ROPOSED 
hrw BAIDGE 

PR I VATE DRIVE 
22 10 
O. II , 

JANESVILLE 
2205 
0 . 09 , 

t 

0.10 

'0 . 
PQOPOSLO 

NfW BRIDGE 
PR IV ATE DRIVE 

2200 
0 . 0< , 

j 

0.05 

790 

,,, 

760 
0.00 



w 
co 

............ -r-....,I'T"I .... ".."..... Map 1 00 (continued) 
*M~~~~----~. ~~--~~~~ 

60 

• 

L EGEND 

100_ YEAR RECURRENCE I NTERVAL 
FLOODPLA I 1'1- YEAR 2000 
PLANNED LAND US!! AND EXI STING 
CHANNEL CONO I T IONS 

I DO-TEAR RECURR(NC( I NTERVIIL 
FLOODPLA I N_ YE.4R 2000 
PLANNED LAND USE AND PLANNED 
CH "'~li EL COND I T IONS 

... PPROXINATE EXiSTING CH ANNEL 
CEJHERL I NE AliO R I \lER loll I LE 
STATIONING 

PROPOSED CHANNEL ENCLOSURE AND 
CONDUIT SIZ~ I N INCH~S 

PROPQSED I41\NHOLE 

NOTE, 

PROPOSEO STORM SEWER OUTFALL 

PROPOSED OPEN CHANNEL I ~PIK)V[Io\ENT 

PROPOSEO DETENT I Oli FAC I L I TY 

PROPOSED ROAD RECONSTRUCT ION 

THE AVAILABILITY OF LARGI::-SCALE 
TOPQGFlAPH I C NAPP I NG FOR 
NORTH BRANCH OF 
WH ITNALL PARI( CREEl( IS SHOWN IN 
APPEND I X H 

Source: W. G. Nienow Engineering Associates and SEWRPC. 

TYPICAL CROSS SECTION OF PROPOSED 
OPEN CHANNEL IMPROVEMENT ALONG 

NORTH BRANCH WHITNALL PARK CREEK 

YEAR 20<lO LAW \1St. PROPOSlD 01A~L 
100 YE AR FLOOO STAGE ~ ___ _ 

TURF _L.N1NG 

~ 10 FEET 

NOIE IXJ( TO MAP SCALE UMIlAnONS. THe DIF~EAENC£ BETWEEN THE IOO·YEAf! 
RECURRENCE IJ'lTEAVAL FLOOOLANOS UNDER PLANNED LAND USE AND EXISTING 
CHAN NEL CONDITIONS. AND THE lOO _YEAR RECURRENCE INT£AVA.L flOODlANDS 
UNDER PlANNED LAND USE A,,"O PlANNED CHANNEL CONDllION5. MAY NOT APP1!AR 
ON THIS MAP WriERE NO DifFERENCE APKAAS REfERENCE SHOOLO BE MADE TO 
IH( FLOOD STAGE PROFILE SHOWN BELOW 

l'ROPOSlD 

ON ........ ,C SCALf: 
o zoo "00 eoo .-n T 
e 



.0' 

'00 

'" 

'it . EDGERTON AVE . 
233~ 
0.78 , 

"'~OPOSf() flUII, FO 

LEGEND 
S 12TH ST, _ illIDGE IOEHl1'1CATION: "'ME 

_BROGE: 1OENT1F1CATlON: COUNTY, 
STATE, OR fEDERAL OESlGNAT~ 

2305 _STRUCTURE IOEHTFICATION t«,MIER 

0.36 . - RIVEfiI ..... E 

. - HYORA' ... .lCALL Y INSIGNFlCAHT , _ HYOflAlLICALL Y SlGNFICAHT 

~ 
_RIoLJ«i AT STREAM COITERl..JPE 

'00 _ DECK AT $TAfAfII CEHTERLI'€ 
_LOW PONT .. APPROACH ROADWAY 

F NOT IIRI)Gf DECK 
.... _ LOW 010A0 Of! CROWN ~ Cl.OS(O 

00""" --l ___ EXlSTNG STREA.WIEl) 

no 
0.' 

- - _ .. PROf'OS£O CHAHNEl OR 
ItI.AED COtl)Ul tIV[JIT 

- - _ PftOPOS(O ~ WM)UlT CROWN 

0.' 

Source; S£WRPC. 

W. WOOOSIDE DR . 
Z:UD 
O.6~' , 

I 

Figure 40 (continued) 

w. AIIeon AVE . 
2525 
0 . 58 , 

I 
W. MALLOflY AVE . 

2!'S 

W. UPHAM RD . 
2520 
0.525 , 

1 

0.47 , 

W. COPELAND 
2510 
0 . 4 1 , 

AVE . 

S. "2TH S1 

"'" o 36 

i 
I 

I 
~I 

-:::::::: 
~=~-

0.' 

..... ..... ..... 
............... 

..... 
................ 

0.' 

" 
'--

0. < 0.3 

w. GRANGE 

"00 0 .24 , 

STREAN DlSTA.NCE IN Rl\'ER MILES AfIOVE CONfLUENCE WITH NORTHWEST BRANCH WHITNAlL PAR!( CREEK 

---

FLOOO nAOC. Y[AR ZOOO P\.Atfl£D LAH() 
US[ AMJ [XlS'''G CrlANNEl COt.04TIONS 

loo.YEAR RECURRENCE INTERVAL 
50-YEAR RECURRENCE INTERVAL 
IO.YEAR RECURRENCE INTERVAL 

- .'-" ---- "" ---~ ~ 
~ 

.0' 

.00 

'" -::::
~ 

9-~~= _~ ----.... 
PlL~~r~ l ~~o ~U~ r~ "-
PI.. AIH. EO CtoloHNEL CO"O I T IONS "-
100 Yl " R IIt.CURAt.NC[ I Nr(R"''' '\ 

""-780 

--- ---------
m 

0.2 o 0 



prepare plans for the floodproofing and eleva
tion of individual buildings be made available, 
at no cost, to property owners by the Village of 
Hales Corners engineering department. Also, it 
is recommended that the Village of Hales 
Corners review its building code to ensure that 
appropriate floodproofing regulations are 
included. It is recommended that the Village 
explore, on behalf of the property owners 
involved, any available state and/or federal aids 
for such floodproofing measures. 

CRAYFISH CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

As already noted, drainage and flood control 
improvements for the Crayfish Creek sub
watershed were considered in a stormwater 
management study conducted by the Regional 
Planning Commission for the City of Oak Creek 
in June 1988. The purpose of the study was to 
describe the storm water drainage and flood 
control problems and identify the causes of those 
problems; evaluate alternative means by which 
the identified problems could be alleviated and 
drainage improved; and set forth a recom
mended stormwater management plan based 
upon that evaluation. The findings and recom
mendations of the study are presented in 
SEWRPC Memorandum Report No. 35, A Storm
water Management Plan for the Crayfish Creek 
Subwatershed. City of Oak Creek. Milwaukee 
County, Wisconsin, June 1988. 

Overview of the Subwatershed 
The Crayfish Creek subwatershed, as shown on 
Map 101, is located within the corporate limits 
of the City of Oak Creek and the Town of 
Caledonia. The stream reaches in the subwa
tershed recommended for District jurisdiction 
are as follows: 1) a 0.53-mile reach of Crayfish 
Creek from the County Line Road crossing 
upstream to the Elm Road crossing; and 2) a 
0.43-mile reach of Caledonia Branch from its 
confluence with Crayfish Creek upstream to the 
abandoned railroad crossing. Both of these 
stream reaches are classified as perennial. 

In 1985 the Crayfish Creek subwatershed-with 
a total area of 5.78 square miles-was still 
largely undeveloped, with 4.38 square miles, or 
about 76 percent, devoted to agricultural and 
other open space uses. The remaining 1.40 
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square miles of the sub watershed was developed 
for urban use, with 1.21 square miles, or about 
87 percent, consisting of residential uses, and the 
remaining 0.19 square mile consisting of com
mercial and industrial uses. Municipal street 
improvements in the developed portions of the 
subwatershed generally consist only of paved 
streets without curbs and gutters and storm 
sewers. Therefore, most of the surface runoff is 
carried by roadside ditches which discharge to 
surface watercourses and streams. Some of the 
major tributary streams, including the reach of 
Crayfish Creek recommended for District juris
diction, have been modified in varying degrees 
by deepening or realignment. The reach of 
Caledonia Branch recommended for District 
jurisdiction, however, has not been modified. 

The storm sewer system within the subwa
tershed consists of approximately 12,350 lineal 
feet of sewer, ranging in size from 12 inches in 
diameter to 66 inches in diameter. There are also 
900 lineal feet of low-flow ditch drain pipe and 
950 lineal feet of ditch enclosure pipe. Most of 
the sewers and drains are constructed of rein
forced concrete pipe. 

Flooding and Related Drainage Problems 
The Crayfish Creek subwatershed experiences 
both drainage and flood control problems. The 
watershed divide generally lies between Fitzsim
mons Road extended and Oakwood Road, but 
because of the level topography is ill-defined. 
Roadside ditches and culverts near the divide 
are subject to flooding and backwater from both 
the main Oak Creek channel and the main Root 
River channel by flood events as small as a two
year recurrence interval event on either stream. 
In addition, lands in the vicinity of the drainage 
divide are subject to flooding from channel 
backwaters of both streams during flood events 
as small as a five-year recurrence interval event. 
Allowing for the flow gradients needed to drain 
the Crayfish Creek subwatershed into the net
work of channels leading to the Root River, 
flooding may be expected to be substantially 
more frequent than stated. This is borne out by 
a history of complaints from residents of the 
sub watershed indicating that flooding may 
indeed occur several times a year. The drainage 
and flooding problems are aggravated by the 
existence of drainage ditches with very flat 
slopes and conveyance capacities which provide 
inadequate outlets for local storm drainage 
facilities. 
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The presence of wet or poorly drained soils in the 
area contributes to the drainage and flooding 
problems. The poorly drained soils can be devel
oped only with the aid of costly special measures 
such as under-drainage systems and artificial 
fill. Sanitary sewers located in these areas will 
be susceptible to high rates of groundwater 
infiltration. Storm water which accumulates in 
these areas during and following storm events 
may pose health hazards, hamper transportation 
by inundating streets, flood basements, and serve 
as breeding sites for mosquitoes . 
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Although varying degrees of overland flooding 
occur frequently within the study area, and the 
potential exists for widespread flooding from a 
maj or storm event, the only monetary flood 
losses that should be expected under existing 
land use and channel conditions are those 
associated with crop damages, residential yard 
flooding, and indirect flooding of basements. No 
residential structures are located within the 
limits of the 100-year recurrence interval flood
plain. There should be no potential for crop 
damage under year 2000 land use conditions 
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along the stream reaches recommended for 
District jurisdiction, since all of the remaining 
agricultural lands in the watershed are proposed 
to be converted to residential or urban open 
space uses. 

The drainage and flood control objectives and 
supporting principles and standards set forth in· 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
of the related roadway. Based on these criteria, 
the bridge at E. County Line Road on Crayfish 
Creek is considered hydraulically inadequate, as 
shown in Appendix E. 

Flood Discharges and Stages 
Stormwater runoff rates in the study area were 
estimated using three techniques. The first 
technique is one developed specificallY for 
estimating the magnitude and frequency of 
floods on waterways in urban areas of Wiscon
sin. The method was developed by the U. S. 
Geological Survey in a cooperative project 
involving that agency, the Milwaukee Metro
politan Sewerage District, and the Southeast
ern Wisconsin Regional Planning Commission. 
The method uses equations developed by 
multiple-regression analyses to compute flood 
magnitudes and frequencies. The significant 
characteristics considered in the equations are 
recurrence interval, drainage area, and percent 
imperviousness based upon land use. 

The second technique used was the U. S. Soil 
Conservation Service TR 55 method. This tech
nique uses general empirical relationships 
between characteristics that affect runoff and 
peak rates of discharge in small watersheds to 
compute flood magnitudes and frequencies. 
These characteristics include recurrence inter
val, drainage area, watershed slope, percent 
ponds and wetland, land use and attendant 
percent impervious area, vegetative cover, rain
fall depth, hydrologic soil group, and maximum 
watershed hydraulic length. 

The third technique used was a mathematical 
simulation model known as the runoff hydro
graph and routing model (HYDROUT). This 
model uses the continuous rainfall pattern for 
the selected recurrence interval design storms 
based on results of the intensity-duration
frequency analyses. Such analyses have been 
performed by the Regional Planning Commis
sion on Milwaukee area meteorological data. In 
the application of this method, the study area is 
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divided into catchment areas, and a runoff 
hydrograph is produced for each area. The 
hydrograph is a product of the rainfall pattern, 
the U. S. Soil Conservation ServiCe runoff curve 
number used in the conversion of rainfall to 
runoff, and a dimensionless index hydrograph. 
These hydrographs are combined and hydrologi
cally routed downstream from one critical 
location in the system to the next to provide 
system hydraulic loadings in the form of peak 
flow rates and total flow volumes. The reservoir 
routing mode allows for the routing of the flow
through hydrograph. These hydrographs are 
combined and hydrologically routed downstream 
to provide system hydraulic loadings in the form 
of peak flow rates and total flow volumes. The 
reservoir routing mode allows for the routing of 
the flow through a reservoir based on the storage 
and outflow characteristics of the reservoir. The 
output hydrograph produced in this mode can 
then be combined with additional hydrographs 
as it is routed downstream via conveyance 
facilities or through additional reservoirs. This 
simulation model allows the effects of multiple, 
sequential reservoir storage facilities on down
stream peak flow rates to be evaluated. The 
estimated peak flood discharges under existing 
and planned, year 2000 land use conditions and 
existing channel conditions are set forth in 
Table 55, and are those derived from the appli
cation of the simulation model. 

Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 0.96 mile of stream reaches recom
mended for District jurisdiction in the Crayfish 
Creek subwatershed, constitute a graphic repre
sentation of the flood stages along the two 
studied stream reaches under the specified 
recurrence interval flood discharges and under 
planned land use and existing channel condi
tions. In addition to providing an overall repre
sentation of flood stages relative to familiar 
points of reference, such as the channel bottom 
and bridge deck surfaces, the profiles, because of 
their continuity, permit the determination of 
flood stages at any point along the stream 
channel. These flood profiles are shown in 
Figure 41. The extent of the 100-year recurrence 
interval floodplain under planned land use 
conditions is shown on Map 102. This delinea
tion of the flood hazard area was accomplished 
using large-scale topographic maps. 



Table 55 

PEAK FLOOD DISCHARGES FROM SUBBASINS IN THE CRAYFISH CREEK SUBWATERSHED 

Peak Flows (cubic feet per second) 

Existing 1980 Conditions Year 2000 Conditions 

Subbasin 10-Year 50-Year 100-Year 10-Year 50-Year 100-Year 

Upper Crayfish 60 

Oakwood 85 

Meadowview 110 

Caledonia 125 

Lower Crayfish 290 

Source: SEWRPC. 

Alternative Flood Control and 
Related Drainage System Plans for 
the Crayfish Creek Subwatershed 

85 

115 

113 

170 

360 

Seventeen alternative plans were developed and 
evaluated under the Crayfish Creek subwa
tershed study. The 17 alternative plans included 
conveyance, detention, and backwater preven
tion facilities, or a combination of such facilities. 
In addition, retention and nonstructural mea
sures were incorporated into all of the plan 
alternatives in that the recommended land use 
pattern for the subwatershed included mainte
nance in essentially natural, open uses of the 
primary environmental corridor lands, including 
wetland areas, along Crayfish Creek. 

All alternatives required the development of an 
internal system of open channels to provide 
collection capability. Certain alternatives 
involved modification of this basic internal open 
channel collection system. This is true of those 
alternatives under which the proposed outlet 
location of the subwatershed was to be in other 
than at its present location. The collection 
channels were assumed under each of the 
alternatives to be turf-lined, with side slopes of 
one on four. 

Because of the complexity of the existing flood
ing and drainage problems, alternative plans 
were developed that would mitigate these prob
lems to varying degrees. In the alternative 

90 125 175 195 

125 175 240 270 

115 215 220 225 

190 240 350 400 

385 535 720 815 

evaluation, the alternatives were placed in one 
of three categories based on the degree to which 
they served to mitigate flooding and drainage 
problems. 

The first category of mitigation applied to 
alternatives with an improved internal drainage 
system within the Crayfish Creek subwatershed, 
but did not provide for the elimination of the 
backed-up floodwaters from the Root River and 
Oak Creek into the subwatershed. These alterna
tive were categorized as providing a limited 
degree of abatement of the flooding and 
drainage problems. 

The second category of mitigation applied to 
alternatives with an improved internal drainage 
system within the Crayfish Creek subwatershed, 
and with provisions to seal off floodwaters from 
the Root River and Oak Creek. Under this 
category of alternatives, the outlets from the 
watershed would be closed during flooding 
periods on the Root River and Oak Creek, and 
thus some flooding and drainage problems 
would remain. These alternatives were consid
ered to provide a significant degree of abatement 
of flooding and drainage problems. 

Finally, the third category of mitigation applied 
to those alternatives with improved internal 
drainage systems within the Crayfish Creek 
subwatershed, provisions to seal off the backed-
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Map 102 

100-YEAR RECURRENCE INTERVAL FLOODPLAIN FOR CRAYFISH CREEK AND 
CALEDONIA BRANCH UNDER YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 
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Figure 41 
FLOOD STAGE AND STREAMBED PROFILES FOR CRAYFISH CREEK AND CALEDONIA BRANCH 
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Table 56 

PERTINENT CHARACTERISTICS OF THE ALTERNATIVE PLANS CONSIDERED UNDER THE 
CRAYFISH CREEK SUBWATERSHED STORMWATER MANAGEMENT PLANNING PROGRAM 

Alternative Cost Collection Conveyance Backwater 
Number Rank Channel Channel Gates 

1 1 X X 

2 4 X X 

3 14 X X 

4 15 X X 

5 16 X X 

6 17 X X 

7 2 X X X 

8 5 X X X 

9 6 X 

10 9 X X 

11 13 X X 

12 10 X X X 

13 12 X X X 

14 7 X 

15 8 X 

16 11 X X 

17 3 X X X 

Source: SEWRPC. 

up floodwaters from the Root River and Oak 
Creek, and an adequate outlet from the subwa
tershed at all times. These alternatives were 
categorized as providing a high degree of abate
ment of the flooding and drainage problems. 

Pertinent characteristics of each of the alterna
tive approaches are set forth in Table 56. Based 
upon an evaluation of these alternatives, seven 
were identified for further consideration. The 
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Capital Cost 

2-Year 10-Year 
Recurrence Recurrence 

Force Interval Interval 
Pump Storage Main Design Storm Design Storm 

$ 800,000 $ 900,000 

1.400,000 1,600,000 

7,900,000 8,900,000 

7,900,000 8,900,000 

9,500,000 11,000,000 

9,500,000 11,000,000 

1,100,000 1,300,000 

1,700,000 1,900,000 

X X 2,300,000 2,800,000 

X X 3,200,000 3,800,000 

X X 4,800,000 5,700,000 

X 2,600,000 4,200,000 

X 3,600,000 5.400,000 

X X X 2,300,000 3,100,000 

X X X 2,800,000 3,500,000 

X X X 4,200,000 . 4,900,000 

1,200,000 1.400,000 

comparative evaluation of these plans was 
focused primarily on the cost of the storm water 
management system components, and on the 
ability of the plans to resolve storm water 
drainage problems in the subwatershed. Addi
tional criteria considered in the comparative 
evaluation were water quality protection, devel
opment restriction, operation and maintenance 
requirements, impact on downstream flood flows 
and stages, and public acceptance. The findings 



Table 57 

SUMMARY COMPARISON OF ALTERNATIVE STORMWATER MANAGEMENT SYSTEM PLANS 

Abatement of 
Alternative Drainage and 

Plan Flooding Problems Water Quality 

4-Diversion Flooding and drain- Increased pollutant loadings would be 
Conveyance to age problems would discharged directly to Lake Michigan, 
Lake Michigan be abated to a high while pollutant loadings to the Root 

degree River would decrease. Some pollutant 
removal would be provided by the grass-
lined open conveyance channel 

7-Conveyance Flooding and drain- Pollutant loadings would continue to 
to the Root age problems would be discharged to the Root River. Some 
River via Route A be abated to a sig- pollutant removal would be provided by 

nificant degree the grass-lined open conveyance channel 
Outlet from the sub-
watershed would be 
closed during Root 
River flooding 

9-Pumping Flooding and drain- Pollutant loadings would continue to 
to the Root age problems would be discharged to the Root River. Some 
River be abated to a high pollutant removal would be provided by 

degree the grass-lined open conveyance channel 

II-Diversion Flooding and drain- Increased pollutant loadings would be 
Pumping to age problems would discharged directly to Lake Michigan, 
Lake Michigan be abated to a high while pollutant loadings to the Root 

degree River would decrease. Some pollutant 
removal would be provided by the grass-
lined open conveyance channel 

12-Storage Flooding and drain- Pollutant loadings would continue to 
and Conveyance age problems would be discharged to the Root River. Some 
to the Root be abated to a sig- pollutant removal would be provided 
River nificant degree by the grass-lined open conveyance 

Outlet from the sub- channel. If a detention pond is uti-
watershed would be lized, substantial pollutant removal 
closed during Root would be achieved 
River flooding 

14-Storage Flooding and drain- Pollutant loadings would continue to 
and Pumping age problems would be discharged to the Root River. Some 
to the Root be abated to a high pollutant removal would be provided by 
River degree the grass-lined open conveyance chan-

nel. If a detention pond is utilized, 
substantial pollutant removal would ba 
achieved 

17-Conveyance Flooding and drain- Pollutant loadings would continue to 
to the Root age problems would be discharged to the Root River. Some 
River via Route 0 be abated to a sig- pollutant removal would be provided by 

nificant degree the grass-lined open conveyance chan-
Outlet from the sub- nel. Potential exists for use of exist-
watershed would be ing pond located south of County 
closed during Root Line Road for pollutant removal 
River flooding 

Source: SEWRPC. 

of this comparative evaluation are summarized 
in Table 57. The evaluation indicated that 
Alternative 17, with some refinements and 
installed in two phases, would best serve the 
Crayfish Creek subwatershed. That alternative 
plan would provide for the discharge of storm
water to the Root River at a location about 0.9 

50-Year 
6 Percent 
Equivalent Operation and Impact on 
Average Development Maintenance Downstream Public 

Annual Cost Restrictions Requirements Flows Acceptance 

$507,000 High Low Low Low 
for 2-year; 
$571,000 
for 1O-year 

$74,000 for Low Low Low Moderate 

2-year; 
$86,000 for 
1O-year 

$156,000 Low Moderate Low High 
for 2-year; 
$188,000 
for 10-year 

$317,000 Moderate Moderate Low Low 
for 2-year; 
$375,000 
for 1O-year 

$195,000 Low Moderate Low Moderate 
for 2-year; 
$316,000 
for 1O-year 

$171,000 Low Moderate Low Moderate 
for 2-year; 
$242,000 
for 1O-year 

$79,000 for Moderate Low Low Moderate 
2-year; 
$92,000 for 
1O-year 

mile downstream of the present location; the 
provision of backwater facilities to prevent flood 
flows on the Root River and Oak Creek from 
backing up into Crayfish Creek; and the provi
sion of stormwater detention facilities for both 
flood flow reduction and water quality manage
ment purposes. 
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Recommended Flood Control 
and Related Drainage System Plan 
for the Crayfish Creek Subwatershed 
The Crayfish Creek subwatershed plan proposes 
improved drainage and flood control facilities 
for the entire subwatershed. The key improve
ments are listed in Table 58 and Table 59. As 
already noted, however, only two stream reaches 
within the subwatershed are recommended for 
District jurisdiction. The recommended plan 
components for these two stream reaches are 
described below. In addition, required improve
ments on downstream reaches of Crayfish Creek 
in Racine County are included since they are an 
integral part of the Crayfish Creek channel 
improvements and are required to provide an 
adequate outlet for the Crayfish Creek main 
channel. 

The recommended flood control and related 
drainage system plan components for the stream 
reaches in the Crayfish Creek subwatershed 
specifically recommended for District jurisdiction 
are set forth in Table 60, along with the asso
ciated costs. The recommended plan components 
for the subject stream reaches consist of minor 
channel improvement, culvert replacement, and 
new channel construction and roadway recon
struction. These conveyance components would 
be designed to accommodate flows up to and 
including the 100-year recurrence interval event. 
The recommended plan components for the 
subject stream reaches are summarized in 
graphic form on Map 103. The recommended 
plan 100-year recurrence interval flood profile is 
shown in Figure 42. 

Crayfish Creek: The recommended components 
of the system plan for the Crayfish Creek 
subwatershed recommended for District jurisdic
tion include replacement of the 36-inch corru
gated metal pipe (CMP) culvert at the Oakwood 
Road crossing of Crayfish Creek with a 48-inch 
CMP culvert. A berm would be constructed 
parallel to and 50 feet south of Fitzsimmons 
Road extended from a point 250 feet west of the 
Chicago & North Western Railway tracks east
ward 3,500 feet, to S. 15th A venue extended. The 
existing channel in the vicinity of the Oakwood 
Road crossing would be regraded to eliminate 
any negative slopes. County Line Road would be 
raised from just west of the Chicago & North 
Western tracks to S. 15th Avenue extended. In 
lieu of raising this 2,500-foot reach of W. County 
Line Road, an earthen berm could be constructed 
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parallel to and immediately south of the road for 
this same reach. Four 72-inch-diameter corru
gated metal culvert pipes would be installed 
under the raised roadway and equipped with 
backwater gates to prevent floodwaters from the 
Root River from entering the Crayfish Creek 
channel north of E. County Line Road. One of 
these culverts should be set at a lower elevation 
than the other three to accommodate fish migra
tion during low-flow conditions. The details of 
this culvert system should be reviewed and 
approved by the Wisconsin Department of 
Natural Resources fish management personnel 
prior to installation. It is envisioned that the 
backwater gates would be manually operated 
during periods of potential flood flows and 
stages on the Root River. Automated operation 
could be provided but is not included in the 
system costs. 

In addition, a new channel would be constructed 
from E. County Line Road and the Chicago & 
North Western tracks to the southeast to an 
existing reservoir, and from the reservoir to the 
Root River approximately 850 feet north of 
Seven Mile Road. The new channel would be 
turf-lined and have a bottom width of 25 feet, 
with one on four side slopes and an average 
depth of about five feet. Also, it is recommended 
that minor debrushing of the Crayfish Creek 
channel between E. County Line Road and E. 
Elm Road be carried out, with minor regrading 
to eliminate negative channel bottom gradients. 
These channel maintenance measures are recom
mended to be carried out periodically as 
necessary. 

Recently discovered ground and surface water 
contamination caused by an abandoned landfill 
in the vicinity of the planned channel south of 
County Line Road will require reconsideration of 
the channel route as part of the detailed design. 
This evaluation would be done using the results 
of ongoing remedial plans for the landfill 
cleanup. The existing contamination problems 
will delay implementation actions associated 
with the use of the existing pond south of 
County Line Road as a sedimentation pond. 
Thus, in order to provide for improved water 
quality conditions, it is recommended that four 
sedimentation basins be constructed in the City 
in areas upstream of the large wetland complex 
along Crayfish Creek. 

To accommodate stormwater drainage during 
periods when the Root River flows and stages 
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Table 58 

SELECTED CHARACTERISTICS AND COSTS OF THE RECOMMENDED STORMWATER 
MANAGEMENT PLAN FOR THE CRAYFISH CREEK SUBWATERSHED-PHASE I 

Estimated Cost 

Annual 
Hydrologic Operation and 

Unit Project Component Description Capital Maintenancea 

Upper Crayfish 1. Replacement of the existing 36-inch $ 4,000 $ 0 
corrugated metal pipe (CMP) culvert 
at Oakwood Road crossing of Crayfish 
Creek with a 48-inch CMP culvert 

2. Construction of a berm parallel to 60,000 1,000 
and 50 feet south of Fitzsimmons 
Road extended from 250 feet west 
of the Chicago & North Western 
Railway tracks 3,500 feet to the 
east, to S. 15th Avenue extended 

3. Regrading of existing channel in 10,000 0 
the vicinity of Oakwood Road 

Engineering and Contingencies 10,000 0 

Subtotal $ 84,000 $ 1,000 

Lower Crayfish 1. Reconstruction of 2,500 feet of $ 80,000 $ 0 
E. County Line Road east of 
the Chicago & North Western 
Railway tracks or a berm 
adjacent to the road 

2. Replacement of the existing 5-foot by 40,000 0 
17-foot concrete box culvert at the 
County Line Road crossing of Crayfish 
Creek with four 72-inch CMP culverts 

3. Installation of four backwater 75,000 8,000 
gates on County Line Road culverts 

4. Bulkheading of the four 48-inch 3,000 0 
CMP culverts at Chicago & North 
Western Railway crossing of 
Crayfish Creek 

5. Construction of 700 lineal feet of 90,000 1,000 
new open channel from County Line 
Road to the existing retention pond 
located 700 feet south of E. County 
Line Road and adjacent to the Chicago 
& North Western Railway, and 2,110 
feet of new channel from that retention 
pond to the Root River 850 feet north 
of Seven Mile Road 

6. Inlet and outlet refinements to 3,000 0 
the existing pond located down-
stream of County Line Road 

Engineering and Contingencies 25,000 0 

Subtotal $316,000 $ 9,000 

Total $397,000 $10,000 

aCosts were noted to be zero when the project proposed replacement of a component with a component that 
has similar operation and maintenance cost. 

Source: SEWRPC. 
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Table 59 

SELECTED CHARACTERISTICS AND COSTS OF THE RECOMMENDED STORMWATER 
MANAGEMENT PLAN FOR THE CRAYFISH CREEK SUBWATERSHED-PHASE II 

Estimated Cost 

Annual 
Hydrologic Operation and 

Unit Project Component Description Capital Maintenancea 

Oakwood Subbasin No.1 Improvements 
1. 1,800 feet of 48-inch-diameter reinforced concrete pipe (RCP) $ 180,000 $ 0 

along Fitzsimmons Road from 10th Avenue extended to the west 

2. 1,200 feet of 24-inch-diameter RCP along Fitzsimmons Road from 50,000 0 
S. 10th Avenue extended to the east 

Subbasin No.2 Improvements 
1. 900 feet of 18-inch-diameter RCP along Oakwood Road from 30,000 0 

Chicago Road to the east 

2. 1,300 feet of 36-inch-diameter RCP along Oakwood Road from 90,000 0 
Chicago Road to the west to the proposed channel 

3. 4,700 feet of channel modifications from the existing 30-inch- 30,000 0 
diameter RCP outfall to the west 

4. 1,100 feet of new open channel from the proposed 36-inch- 60,000 200 
diameter outfall to the subbasin divide 

Engineering and Contingencies 40,000 0 

Subtotal $ 480,000 $ 200 

Caledonia Subbasin No.1 Improvements 
1. 2,800 feet of 36-inch-diameter RCP along E. Elm Road from the sec- $ 200,000 $ 0 

tion line between Sections 35 and 36 to just west of S. 10th Avenue 

2. 3,900 feet of channel modifications from the proposed new open 40,000 0 
channel south of Oakwood Road to the southwest to the primary 
environmental corridor boundary 

Subbasin No.2 Improvements 
1. 3,200 feet of 60-inch-diameter RCP from E. Elm Road at S. 4th 480,000 0 

Avenue to the south to E. County Line Road and then west to 
just west of the section line between Sections 35 and 36 

2. 3,500 feet of channel modifications from E. County Line Road just 30,000 0 
west of the section line between Sections 35 and 36 to the south-
west into Caledonia, and then to the northwest across E. County 
Line Road up to the primary environmental corridor boundary in 
the southwest quarter of Section 35 

3. 1,300 feet of channel modifications from S. Elaine Road at East 20,000 0 
Schmitz Drive to the southwest to the primary environmental 
corridor boundary 

Engineering and Contingencies 80,000 0 

Subtotal $ 850,000 $ 0 

Meadowview Subbasin No.1 Improvements 
1. 2,000 feet of channel modifications from the Milwaukee County $ Ob $ 0 

Parkland boundary in the northwest quarter of Section 34 to the 
west to the confluence with Subbasin No.2 and Subbasin No.3 
channels, respectively 
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Table 59 (continued) 

Estimated Cost 

Annual 
Hydrologic Operation and 

Unit Project Component Description Capital Maintenancea 

Meadowview Subbasin No.2 Improvements 
(continued) 1. 900 feet of channel modifications from the confluence with the $ Ob $ 0 

Subbasin No.3 channel to the northwest to Nicholson Road 

2. 1,700 feet of 48-inch-diameter RCP along the north side of Oakwood 170,000 0 
Road from McGraw Drive to Nicholson Road and then south along 
Nicholson Road to the existing channel 

3. 800 feet of 24-inch-diameter RCP from the proposed detention 40,000 0 
basin to the southeast to E. Oakwood Road and then along Oakwood 
Road to the existing channel just west of McGraw Drive 

4. 16.5 acre-foot detention facility north of Oakwood Road just 210,000 10,000 
east of Shepard Avenue 

5. 300 feet of 63-inch by 98-inch horizontal elliptical RCP from 60,000 0 
Shepard Avenue to the proposed detention facility 

6. 1,200 feet of channel modifications from Shepard Avenue just west 10,000 0 
of the proposed detention facility to the northwest to Oak Lane 

Subbasin No.3 Improvements 
1. 4,500 feet of channel modifications from the confluence with the 50,000 0 

Subbasin No.2 channel to the west to just west of Shepard Avenue 
extended 

2. 3,700 feet of 48-inch-diameter RCP along Shepard Avenue extended 370,000 0 
from the Subbasin No.3 channel to the north up to Oakwood Road 
and then west along Oakwood Road to Howell Avenue 

3. 1,200 feet of 36-inch-diameter RCP along Oakwood Road from Howell 80,000 0 
Avenue to the west 

Engineering and Contingencies 100,000 0 

Subtotal $1,090,000 $10,000 

Upper Crayfish Subbasin No.1 Improvements 
1. 1,100 feet of new open channel along Fitzsimmons Road extended $ 20,000 $ 400 

from Nicholson Road to the east 

2. 900 feet of 42-inch-diameter RCP along Fitzsimmons Road from 80,000 0 
McGraw Drive to Nicholson Road 

3. 1,500 feet of 36-inch-diameter RCP along Fitzsimmons Road from 110,000 0 
McGraw Drive to the west 

Subbasin No.2 Improvements 
1. 2,100 feet of 36-inch-diameter RCP along Oakwood Road from 150,000 0 

Pennsylvania Avenue to Nicholson Road 

2. 900 feet of channel modifications from Nicholson Road at Oak Lane Ob 0 
to the east 

3. 900 feet of 36-inch-diameter RCP along Oak Lane from Nicholson 60,000 0 
Road to McGraw Drive 

Engineering and Contingencies 40,000 0 

Subtotal $ 460,000 $ 400 
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Table 59 (continued) 

Estimated Cost 

Annual 
Hydrologic Operation and 

Unit Project Component Description Capital Maintenancea 

Lower Crayfish Subbasin No.1 Improvements 
1. None $ -- $ --
Subbasin No.2 Improvements 
1. 1,200 feet of 48-inch-diameter RCP along Elm Road in the north- 120,000 0 

west quarter of Section 35 

2. 1,700 feet of channel modifications along Elm Road from the pro- 10,000 0 
posed 48-inch-diameter RCP to the west 

Subbasin No.3 Improvements 
1. 1,000 feet of 72-inch-diameter RCP along E. Elm Road from the 200,000 0 

Crayfish Creek channel to the west to just west of the Chicago 
& North Western Railway tracks 

2. 1,000 feet of 54-inch-diameter RCP along E. Elm Road from the 130,000 0 
Chicago & North Western Railway tracks to the west to just east 
of Nicholson Road 

Subbasin No.4 Improvements 
1. 2,400 feet of 36-inch-diameter RCP along Nicholson Road from 170,000 0 

Elm Road to the Root River 

Engineering and Contingencies 130,000 0 

Subtotal $ 760,000 $ 0 

Total $3,640,000 $10,600 

aCosts were noted to be zero when the project proposed replacement of a component with a component that has a similar operation 
and maintenance cost. 

bThis section of channel has been modified and therefore was not included in the recommended plan cost estimate. 

Source: SEWRPC. 

exceed those levels that would allow a free outlet 
from the Crayfish Creek subwatershed, consid
eration was given to the need to provide 
stormwater pumping facilities to facilitate 
adequate outlet conditions at the lower end of 
the watershed. To accomplish this, a pumping 
station could be installed just north of County 
Line Road with a capacity of about 500 cubic feet 
per second. This facility would be designed to 
accommodate a two-year recurrence interval 
storm event rather than a lO-year or lOO-year 
recurrence interval event, since the two-year 
event over the Crayfish Creek subwatershed 
would be an extremely rare event in combination 
with a major flood event on the Root River itself. 
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It is recommended, however, that initially no 
additional storm water pumping facility be 
provided in the Crayfish Creek subwatershed at 
County Line Road. Should experience indicate 
that the backup of floodwaters from the Root 
River creates problems more frequently than 
acceptable, the recommended plan could be 
modified to readily accommodate a small pump
ing station at the lower end of the subwatershed 
just north of County Line Road. 

Caledonia Branch: Minor debrushing of the 
Caledonia Branch channel between its conflu
ence with Crayfish Creek and the abandoned 
electric interurban railway crossing is recom-



Table 60 

SELECTED CHARACTERISTICS AND COSTS OF THE RECOMMENDED FLOOD CONTROL 
AND RELATED DRAINAGE SYSTEM PLAN FOR THE CRAYFISH CREEK SUBWATERSHED 

Estimated Cost 

Annual 
Operation and 

Stream Project Component Description Capital Maintenancea 

Crayfish Creek 1. Replacement of the existing 36-inch corrugated $ 5,000 $ 0 
metal pipe (CMP) culvert at Oakwood Road crossing 
of Crayfish Creek with a 480-inch CMP culvert 

2. Construction of a berm parallel to and 50 feet south 68,000 1,000 
of Fitzsimmons Road extended from 250 feet west of 
the Chicago & North Western Railway tracks 3,500 
feet to the east, to S.15th Avenue extended 

3. Regrading of existing channel in the vicinity 11,000 0 
of Oakwood Road 

4. Reconstruction of 2,500 feet of E. County Line Road 80,000 0 
east of the Chicago & North Western Railway tracks 

5. Replacement of the existing 5-foot by 17-foot 40,000 0 
concrete box culvert at the County Line Road crossing 
of Crayfish Creek with four 72-inch CMP culverts 

6. Installation of four backwater gates on County 75,000 8,000 
Line Road culverts 

7. Bulkheading of the four 48-inch CMP culverts 3,000 0 
at Chicago & North Western Railway crossing 
of Crayfish Creek 

8. Construction of 700 lineal feet of new open channel 98,000 1,000 
from County Line Road to the existing retention 
pond located 700 feet south of E. County Line Road 
and adjacent to the Chicago & North Western 
Railway, and 2,110 feet of new channel from that 
retention pond to the Root River 850 feet north of 
Seven Mile Road 

9. Inlet and outlet refinements to the existing pond 3,000 0 
located downstream of County Line Road 

10. Minor debrushing and regrading of 2,800 feet 9,000 500 
of Crayfish Creek north of E. County Line Road 

Subtotal $392,000 $10,500 

Caledonia 1. Minor debrushing and regrading of 2,300 feet $ 7,000 $ 400 
of Caledonia Branch upstream of its confluence 
with Crayfish Creek 

Total $399,000 $10,900 

aCosts were noted to be zero when the project proposed replacement of a component with a component that has 
similar operation and maintenance cost. 

Source: SEWRPC. 333 
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Map 103 
RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE SYSTEM PLAN FOR CRAYFISH CREEK 

AND CALEDONIA BRANCH UNDER YEAR 2000 LAND USE AND PLANNED CHANNEL CONDITIONS 
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Figure 42 
RECOMMENDED PLAN FLOOD STAGE PROFILES FOR CRAYFISH CREEK AND CALEDONIA BRANCH 
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Map 104 

POTENTIAL FUTURE CROP DAMAGES WITHIN THE CRAYFISH 
CREEK SUBWATERSHED IN THE TOWN OF CALEDONIA 
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mended, along with minor regrading to eliminate 
negative channel bottom gradients. These chan
nel maintenance measures are recommended to 
be carried out periodically as necessary. 

Consideration of Potential Crop Damages in the 
Town of Caledonia: No potential should remain 
for monetary losses resulting from floods having 
a recurrence interval of up to and including 100 
years in the Crayfish Creek subwatershed 
within the City of Oak Creek under year 2000 
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t 
land use and channel conditions. The potential 
does exist, however, for minor crop damages 
along a tributary to Caledonia Branch in the 
Town of Caledonia, as shown on Map 104. No 
flood control measures ~re herein recommended 
to abate these crop damages. The recommended 
improvements for the Caledonia Branch and for 
Crayfish Creek presented herein would, however, 
provide an adequate outlet for any agricultural 
flood control measures that may be carried out 
along the tributary to Caledonia Branch. 



Flood Control and Related 
Drainage System Plan Implementation 
The recommended flood control and related 
drainage system plan components for ' the two 
stream reaches recommended for District juris
diction in the Crayfish Creek subwatershed 
consist of culvert modification, roadway recon
struction, new channel construction, and minor 
channel debrushing and regrading. It is recom
mended that the costs for all of the recom
mended plan components be borne 'by the 
Milwaukee Metropolitan Sewerage District. 

104TH STREET BRANCH 
SUBWATERSHED FLOOD CONTROL 
AND RELATED DRAINAGE SYSTEM PLAN 

As already noted, the 104th Street Branch was 
not studied under previous Commission plan
ning programs. Analyses of the hydrologic and 
hydraulic characteristics of the tributary and its 
subwatershed were accordingly conducted under 
this system planning effort. 

Overview of the Study Area 
Of the 1.15-mile total length of the 104th Street 
Branch, 0.34 mile is classified as perennial 
stream and the remaining 0.83 mile is classified 
as intermittent stream. All of the 1.15-mile 
stream length is located in the City of Greenfield. 
The entire 0.34-mile perennial stream length and 
0.02 mile of intermittent stream length is recom
mended for District jurisdiction in the policy plan 
companion to this system plan. 

The 104th Street Branch drains an area of about 
0.92 square mile, as shown on Map 105. Of this 
total drainage area, 0.48 square mile, or about 
52 percent, lies within the City of Greenfield, 
and 0.44 square mile, or about 48 percent, lies 
within the City of Milwaukee. 

From its origin at a storm sewer outfall located 
at the intersection of S. 94th Street and W. 
Howard Avenue, the 104th Street Branch flows 
0.28 mile in a southerly direction to its entrance 
into a series of storm sewers. The stream then 
flows about 0.51 mile westerly through storm 
sewers to an outfall located about 200 'feet west 
of the intersection of S. 99th Street and W. 
Plainfield Avenue. The 104th Street Branch then 
flows southwesterly 0.03 mile, where it passes 
through a 0.06-mile length of concrete box 
culvert beneath IH 894. From that culvert, the 
stream flows 0.09 mile westerly to S. 104th Street 

Map 105 

THE 104TH STREET BRANCH SUBWATERSHED 

LEGEND 

sueWATERSHED BOUNDARY 

PERENNIAL STREAM RElI.CH 

l'lTE RMTTE NT STRE AM RE ACH 

Source: S£WRPC. 

and then 0.18 mile southwesterly to its conflu
ence with the North Branch of the Root River. 

Present land use in the 104th Street Branch 
subwatershed is predominantly residential, with 
the remaining areas in transportation and open 
space uses. The developed areas of the subwa
tershed are generally provided with a full range 
of municipal street improvements, including 
paved streets with curbs and gutters and atten
dant storm sewers. Accordingly, surface runoff 
is generally conveyed rapidly from each indi
vidual site to the stream over impervious surfa
ces and through storm sewers. 

Data relating to certain pertinent characteristics 
of the subwatershed, such as hydrologic soil 
types, land slopes, and land use, appear in 
Chapter II of this report. The subwatershed land 
use conditions may be expected to undergo little 
change by the design year of the system plan. 
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As development of this subwatershed has 
occurred, the stream channel has been consider
ably altered through realignment, widening and 
deepening, and enclosure. Channel modifica
tions have been made along the entire 0.36-mile 
reach recommended for District jurisdiction. 

Flooding and Related Drainage Problems 
Investigations conducted under this system 
planning effort revealed no serious flooding 
problems along the 104th Street Branch. The 
City Engineer for the City of Greenfield reported 
that there is some concern over stream bank 
erosion along the reach between S. 104th Street 
and IH 894. Also, about half of the stream is 
located within Milwaukee County Parkway land, 
where there is no flood-dam age-prone develop
ment along the stream channel. 

The results of the hydrologic and hydraulic 
analyses indicate that no structure flood 
damages may be expected to occur along the 
104th Street Branch for floods up to and includ
ing the 100-year recurrence interval event under 
planned, year 2000 land use and existing 
channel conditions. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for development of design 
discharges for the Root River watershed simu
lates streamflow on a continuous basis, using 
recorded climatological data as input. Flood 
discharges were computed at an hourly time 
interval. Because of the relatively small tribu
tary drainage area of the 104th Street Branch 
subwatershed, it was suspected that the time of 
peak discharge on the stream was very short 
and may have been missed in the analyses 
utilizing an hourly time interval. Simulations 
were performed, therefore, using a 15-minute 
time interval with design rainfall events as 
input. The use of design rainfall events was 
necessary because the time and cost of simulat
ing continuous streamflows at 15-minute inter
vals for the 39 years of available climatological 
data would be prohibitive. 

The design rainfall events were developed using 
10-, 50-, and 100-year rainfall volumes obtained 
from the updated point rainfall depth-duration
frequency relationships developed by the Com
mission as described in Chapter III. The rainfall 
distribution utilized for each design storm was 
the median distribution of a first-quartile storm, 
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as shown in Chapter III. The design storm 
duration was determined for a given recurrence 
interval by simulating the peak discharge at a 
given location for a range of storm durations. 
The storm duration and associated rainfall 
volume which produced the largest peak dis
charge at a given location for a given recurrence 
interval was selected as the design storm for 
that location. The estimated peak flood dis
charges under existing and planned, year 2000 
land use and existing (1987) channel conditions 
for the 104th Street Branch are as follows: 

Peak Flood Discharge (cfs) 

Year 2000 
Recurrence Existing Land Planned Land 

River Interval Use, Existing Use, Existing 
Mile Location (years) Channel Conditions Channel Conditions 

0.00 Mouth at 
Root River 

10 
50 

100 

310 
560 
620 

310 
560 
620 

Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 0.36-mile-Iong reach recommended 
for District jurisdiction, constitute a graphic 
representation of the flood stages along the 104th 
Street Branch under the specified recurrence 
interval flood discharges, and under planned 
land use and existing channel conditions. In 
addition to providing an overall representation of 
flood stages relative to familiar points of refer
ence such as the channel bottom and bridge deck 
surfaces, the profiles, because of their continuity, 
permit the determination of flood stages at any 
point along the stream channel. The flood profile 
is shown in Figure 43. The extent of the 100-year 
recurrence interval floodplain under planned 
land use conditions is shown on Map 106. This 
delineation of the flood hazard area was accom
plished using large-scale topographic maps 
prepared by the City of Greenfield to Commission 
standards in 1974 and 1976. It should be noted 
that for the reach upstream of IH 894, significant 
changes have been made to the channel and 
floodplain since the preparation of the large-scale 
topographic map. 

Recommended Flood Control 
System for the 104th Street Branch 
Because no flooding of structures would be 
expected to result from a 100-year recurrence 
interval flood under year 2000 land use condi
tions, it was not necessary to consider further 
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Figura 43 

FLOOD STAGE AND STREAMBED PROFILE FOR THE l04TH STREET BRANCH 
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flood control and drainage alternatives for the 
104th Street Branch. Therefore, no flood control 
or drainage system measures are recommended. 
Since there has been little change in the riverine 
areas of the 104th Street Branch since the 
preparation by the City of large-scale topogra
phic maps in 1974 and 1976, and since those 
maps were prepared to Commission standards, 
no new topographic mapping is required as a 
basis for the delineation of the flood hazard area 
along this watercourse. 

IMPACT OF RECOMMENDED 
FLOOD CONTROL SYSTEM PLAN 
ON FLOOD FLOWS AND STAGES 

Structural flood control measures recommended 
for streams in the Root River watershed under 
this system plan will improve the hydraulic 
efficiency of the channel system, but may be 
expected to increase, to some degree, down
stream flood flows and stages. These measures 
include channel modification, channel enclosure, 
bridge and culvert replacement, and channel 
cleaning and debrushing. Hydrologic and 
hydraulic analyses were conducted as part of 
this system plan to determine the impact of the 
recommended flood control measures on down
stream flood flows and stages. These analyses 
considered the impact along the entire Root 
River channel to its mouth at Lake Michigan in 
the City of Racine. A comparison of the 100-year 
recurrence interval flood flows and stages under 
planned land use and existing and planned 
channel conditions is provided in Table 61. 
Flood stage profiles for the Root River main 
stem under planned land use and existing and 
planned channel conditions in the watershed are 
shown in Figure 44. The extent of the 100-year 
recurrence interval floodplain along the Root 
River main stem under planned year 2000 land 
use and planned channel conditions is shown on 
Map 107. 

As noted earlier in this chapter, implementation 
of the flood control measures for the North 
Branch of the Root River and Hale Creek may 
be expected to increase flood flows and stages 
along the North Branch of the Root River 
upstream of the confluence with the East Branch 
of the Root River. No increases are anticipated 
downstream of this location. Increases in the 
100-year recurrence interval flood stage of 0.1 to 
0.3 foot may be expected to occur along the 
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North Branch of the Root River between W. 
Forest Home Avenue and S. 116th Street. Most 
of these increases would occur along stream 
reaches located within Milwaukee County park 
and parkway lands, although some private 
properties would also be affected. Proper legal 
arrangements would have to be made with all 
affected property owners. No additional existing 
structures are expected to incur flood damages 
as a result of the increased flood stages. Stage 
increases downstream of W. Forest Home Ave
nue would be less than 0.1 foot. 

Flood control and stormwater drainage mea
sures along Whitnall Park Creek and the north 
and northwest tributaries to Whitnall Park 
Creek are not expected to increase flood flows 
and stages downstream of the confluence of 
Whitnall Park Creek and Tess Corners Creek. 
Increases in the 100-year recurrence interval 
flood stage of 0.1 to 0.8 foot are anticipated along 
Whitnall Park Creek downstream of the private 
drive located at River Mile 1.78. Again, most of 
these increases would occur along stream 
reaches located within county park and parkway 
lands. Some private properties located between 
S. 108th Street and River Mile 1.78 would also 
be affected, although no additional existing 
structures are expected to incur flood damages. 
Proper legal arrangements would have to be 
made with all affected property owners. 

The flood control measures recommended along 
the East Branch of the Root River would not 
affect flood flows and stages. No flood control 
measures are recommended along Tess Corners 
Creek and 104th Street Branch. 

During the development of the Commission's 
stormwater management plan for the Crayfish 
Creek subwatershed, concerns were raised by 
officials of the Town of Caledonia that, by 
eliminating the ability of floodwaters from the 
Root River to back up into the Crayfish Creek 
drainage basin, significant floodwater storage 
would be lost, thus increasing downstream flows. 
Hydrologic model simulations were performed 
under this system planning effort to test the 
impact of the Crayfish Creek plan on Root River 
flood flows. These simulations took into account 
not only the loss of storage for Root River 
floodwaters, but also the elimination of inflow to 
the Root River from Crayfish Creek during the 
time that backwater gates along W. County Line 
Road would be closed. During the time that these 



Stream 

Root River 

North Branch 
of the 
Root River 

Hale Creek 

Table 61 

IMPACT Of RECOMMENDED fLOOD CONTROL AND RELATED DRAINAGE 
SYSTEM PLAN ON ROOT RIVER WATERSHED fLOOD DISCHARGES 

1 OO-Year Recurrence 
1 OO-Year Recurrence Interval Flood Stage 

Interval Flood Discharge Planned Land Usea 

Planned Land Use (cfs) (feet NGVD) 

Existing Recommended Existing Recommended 
River Channel Plan Percent Channel Plan 

Location Mile Conditions Conditions Change Conditions Conditions 

At mouth 0.00 4,900 4,850 -1 584.6b 584.6b 

Upstream of 3.92 4,800 4,700 -2 593.2 593.2 
Spring Street 

STH 38 5.97 4,800 4,700 -2 624.8 624.7 

Upstream of 11.46 4,400 4,310 -2 646.8 646.7 
confluence with 
Hoods Creek 

Seven Mile Road 15.91 4,200 4,120 -2 663.2 663.1 

Downstream of 19.47 4,700 4,700 0 670.6 670.6 
Chicago, Milwaukee, 
St. Paul & Pacific 
Railroad 

Downstream of 23.14 4,900 4,900 0 678.5 678.5 
S. 43rd Street 

Confluence with 25.66 4,900 4,900 0 681.6 681.6 
Root River 

W. Ryan Road 27.92 4,650 4,650 0 684.7 684.7 

Upstream of 30.15 5,100 5,150 1 694.1 694.1 
confluence with 
the East Branch 
of the Root River 

W. Rawson Avenue 32.37 5,450 5,550 2 703.2 703.3 

Upstream of 35.58 3,350 3,430 2 709.5 709.6 
confluence with 
Tess Corners Creek 

W. Forest Home 37.67 4,280 4,440 4 720.8 720.9 
Avenue 

Downstream of 39.16 3,500 3,880 11 725.2 725.4 
W. Cold Spring 
Road 

Downstream of 39.76 3,500 3,880 11 728.3 728.6 
W. Beloit Road 

W. National Avenue 40.97 2,000 2,840 42 734.0 733.8 

Upstream of 41.25 1,410 1,510 7 734.9 734.9 
confluence with 
Hale Creek 

At mouth 0.00 1,520 1,560 3 734.9 734.9 

W. Cleveland 0.30 580 590 2 737.0 736.4 
Avenue 

Change 
in Flood 
Stage 
(feet) 

0.0 

0.0 

-0.1 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.2 

0.3 

-0.2 

0.0 

0.0 

-0.6 
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Table 61 (continued) 

l00-Year Recurrence 
Interval Flood Discharge 
Planned Land Use (ets) 

Existing Recommended 
River Channel Plan 

Stream Location Mile Conditions Conditions 

East Branch At mouth 0.00 1,490 1,490 
of the Root 
River N. 51 st Street 1.48 1,490 1,490 

-- 2.21 1,390 1,390 

-- 3.14 1,010 1,010 

W. Rawson Avenue 3.66 960 960 

- - 4.70 510 510 

Tess Corners At mouth 0.00 3,730 3,730 
Creek 

Upstream of 0.42 2,030 2,030 
confluence with 
Whitnall Park Creek 

Private drive 2.33 2,240 2,240 

Whitnall Park At mouth 0.00 2,190 2,190 

Whitnall Park Drive 0.97 1,800 1,870 

S. 108th Street 1.62 1,373 1,554 

W. Forest Home 1.70 1,207 1,398 
Avenue 

Northwest At mouth 0.00 398 545 
Branch of 
Whitnall Park W. Godsell Road 0.25 311 454 
Creek 

W. Parnell Avenue 0.39 311 340 

North Branch At mouth 0.00 222 247 
of Whit nail 
Park Creek S. 112th Street 0.36 216 230 

W. Upham Avenue 0.53 182 191 

W. Abbott Avenue 0.58 163 163 

Crayfish Creek W. County Line Road 0.38 815 815 

Caledonia At mouth 0.00 400 400 
Branch 

l04th Street S. l04th Street 0.18 620 620 
Branch 

aFlood stages at road crossings are for the upsteam side of the bridge or culvert. 

bLake Michigan TOO-year recurrence interval water level. 

cNorth Branch of Root River flood stage. 

Source: SEWRPC. 
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loo-Year Recurrence 
Interval Flood Stage 
Planned Land Usea 

(feet NGVD) 
Change 

Existing Recommended in Flood 
Percent Channel Plan Stage 
Change Conditions Conditions (feet) 

0 693.8c 693.8c 0.0 

0 717.8 717.8 0.0 

0 722.1 722.1 0.0 

0 736.0 736.0 0.0 

0 745.9 745.9 0.0 

0 754.4 754.4 0.0 

0 708.8c 708.9c 0.1 

0 710.1 710.1 0.0 

0 748,0 748.0 0.0 

0 710.1 710.1 0.0 

4 735.0 735.1 0.1 

13 764.0 764.6 0.6 

16 765.3 766.1 0.8 

37 768.9 768.9 -0.3 

46 776.9 776.9 0.0 

9 782.9 782.9 0.0 

11 783.3 783.1 -0.2 

6 790.0 788.9 -0.1 

5 793.8 793.9 0.1 

0 796.4 796.1 -0.3 

0 665.6 665.6 0.0 

0 665.6 665.6 0.0 

0 730.6 730.6 0.0 



gates are closed, runoff from the Crayfish Creek 
basin would be stored north of W. County Line 
Road and would be released only when flood 
stages on the Root River receded. The results of 
the hydrologic simulations are shown in Table 61, 
and indicate that the loss of contributing runoff 
from the Crayfish Creek basin more than offsets 
the loss of Root River floodwater storage, thus 

actually resulting in a small decrease in peak 
downstream flood flows. This decrease in flood 
flows would result in downstream stage 
decreases of only 0.1 foot or less for a 100-year 
recurrence interval flood event under planned 
land use conditions. Thus, implementation of 
these flood control measures would have a 
negligible impact on downstream flood damages. 
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Chapter VII 

EVALUATION OF ALTERNATIVE AND SELECTION OF 
RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE 

SYSTEM PLAN-LAKE MICHIGAN DIRECT DRAINAGE AREA 

INTRODUCTION 

The drainage and flood control policy plan 
companion to this system plan recommends that 
that the Milwaukee Metropolitan Sewerage 
District assume jurisdiction for one perennial 
stream-Fish Creek- and no intermittent 
streams in the Lake Michigan direct drainage 
area. Data are presented on existing and proba
ble future flood problems, alternative and recom
mended flood control and related drainage 
improvement measures, and recommended 
implementation actions. 

FISH CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Fish Creek was not studied under any previous 
Commission planning programs. Flood flows 
and stages were developed by the Federal 
Emergency Management Agency (FEMA) for a 
portion of the creek through the Village of 
Bayside as part of the federal flood insurance 
study for that village. The hydrologic and 
hydraulic analyses conducted under this system 
planning effort represent a refinement of that 
earlier study. 

Overview of the Study Area 
Fish Creek is a direct tributary to Lake Michi
gan. The Fish Creek subwatershed is located 
within the City of Mequon and the Villages of 
Bayside and River Hills. From its origin at a 
storm sewer outfall located in Donges Bay Road 
near its intersection with Port Washington Road 
in the City of Mequon, Fish Creek drains in a 
generally easterly direction for a distance of 
about 3.43 miles, and drains an area of about 5.32 
square miles (see Map 108). Of that total drain
age area, 2.94 square miles, or about 55 percent, 
lies within the City of Mequon; 1.33 square miles, 
or about 25 percent, lies within the Village of 
Bayside; and 1.05 square miles, or about 20 per
cent, lies within the Village of River Hills. 

More specifically, from its origin near the 
intersection of Donges Bay and Port Washing-
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ton Roads , Fish Creek flows in a generally 
southerly direction to the intersection of Port 
Washington Road and Zedler Lane. From there 
it flows southeasterly to County Line Road, 
thence easterly to a concrete dam located about 
0.35 mile downstream of N. Broadmoor Road, 
and thence northeasterly to its confluence with 
Lake Michigan. All of the 3.43-mile reach 
described is classified as perennial and is 
recommended for District jurisdiction in the 
policy plan companion to this system plan. 

In 1985, about 66 percent of the Fish Creek 
subwatershed was developed for urban use, 
including residential, commercial, institutional, 
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and urban open space uses. About 74 percent of 
the land converted to urban use was devoted to 
low-density residential development. Such devel
opment results in much less impervious land 
coverage than do more intense uses such as 
commercial or industrial. In the Village of River 
Hills, residential development is of a country 
estates nature, characterized by large lots, 
generally five acres or more in area. Also, runoff 
from the developed areas of the Fish Creek 
subwatershed is conveyed mainly by a series of 
grassed swales and roadside ditches which serve 
to attenuate the peak runoff rates. Therefore, 
peak flood discharges on Fish Creek can be 
expected to be much less than from areas 
devoted to more intensive urban use and served 
by a curb and gutter drainage system with 
attendant storm sewers. 

Specific information on certain pertinent charac
teristics of the watershed, such as hydrologic soil 
types, land slopes, and land use, appears in 
Chapter II of this report. The planned land use 
conditions utilized in the system planning 
assume that, with the exception of the Village of 
River Hills, the watershed will be fully urbanized 
by the design year of the system plan. Some 
existing open spaces, such as parks, will remain; 
and the Village of River Hills is assumed to 
remain primarily in low-density, country estate
type, residential use. 

Channel improvements have been made along 
about 0.9 mile of Fish Creek, all upstream of 
Katherine Kearney Carpenter Park in the City 
of Mequon. These modifications include deepen
ing, straightening, and, in some reaches, lining 
with concrete. Downstream of the park, the creek 
is characterized by a deep and wide channel. 
Downstream of N. Broadmoor Road, the creek 
flows through a ravine up to 60 feet deep before 
entering Lake Michigan. 

A state-designated scientific area known as 
Fairy Chasm is located along the downstream 
reach of Fish Creek. This area extends from the 
mouth of the creek at Lake Michigan upstream 
for a distance of about 1.25 miles, covering an 
area of about 60 acres and including several 
tributaries. The area is characterized by the deep 
gorges cut by the creek and its tributaries 
through glacial and lacustrine deposits. The 
north-facing slopes of the ravine support north
ern tree species such as white pine, yellow birch, 
and white cedar, while the warmer and more 
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exposed south-facing slopes support a xeric 
hardwood forest. The area has special signifi
cance in that many of the plant species found 
there, such as leatherwood (Dirca palustris), 
occur only in cold air drainages in southern 
Wisconsin. 

Stream bank erosion occurs along scattered 
reaches of Fish Creek downstream of Katherine 
Drive. This erosion may have been exacerbated 
with the development of the tributary drainage 
area. Currently, most of the erosion is limited to 
the "low-flow" channel and does not threaten the 
downstream ravine slopes such as those along 
Fairy Chasm. This situation could change as 
further development occurs within the watershed. 

Flooding and Related Drainage Problems 
An investigation of historical flood problems 
along Fish Creek which was conducted under 
this system plan indicated few problems. This 
lack of any serious flooding problems can be 
attributed, in part, to the fact that the natural 
channel through the Village of Bayside is 
contained in a deep ravine, and to completed 
channel modifications within the City of 
Mequon. Temporary closure of IH 43 did occur 
during the storm of September 10 and 11, 1986, 
owing to the accumulation of debris on a trash 
rack at the upstream end of the freeway culvert, 
which resulted in a reduction in the culvert's 

. hydraulic capacity. 

The results of the hydrologic and hydraulic 
analyses indicate that no structure flood dam
ages are expected to occur along Fish Creek for 
floods up to and including the 100-year recur
rence interval event under planned, year 2000 
land use and existing channel conditions. Some 
homes and commercial properties may, however, 
experience indirect flood damages through 
sanitary sewer backup. It should be noted that 
the flood control measures considered under this 
system plan are primarily intended to alleviate 
flood damages from direct overland flooding 
along the stream studied, as well as to provide 
an adequate outlet for local storm sewers and 
drainageways. These measures, although not 
specifically designed to do so, may help to reduce 
flooding due to localized stormwater drainage 
problems or sanitary sewer backups. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 



bridges and culverts should be able to accommo
date without overtopping the related roadway. 
Based on those criteria, one culvert-at Port 
Washington Road and Zedler Lane-is consid
ered hydraulically inadequate, as shown in 
AppendixF. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for development of design 
flood discharges for Fish Creek uses design 
rainfall events as input. The design rainfall 
events were developed using 10-, 50-, and 100-
year rainfall volumes obtained from the updated 
point rainfall depth-duration-frequency relation
ships developed by the Commission as discussed 
in Chapter III. The rainfall distribution utilized 
for each design storm was the median distribu
tion of a first-quartile storm, as shown in 
Chapter III for storm durations of one through 
six hours. Additional simulations were made for 
a storm duration of 24 hours using the U. S. Soil 
Conservation Service Type II storm distribution. 
This distribution provides for a majority of the 
rainfall to occur during the middle of the storm, 
after the soil has become partially saturated. 
Such a distribution would be expected to produce 
larger peak discharges in less intensively devel
oped watersheds which are not extensively 
drained by storm sewers, such as the Fish Creek 
subwatershed. The design storm duration was 
determined for a given recurrence interval by 
simulating the peak discharge at a given loca
tion for a range of storm durations. The storm 
duration and associated rainfall volume which 
produced the largest peak discharge at a given 
location for a given recurrence interval was 
selected as the design storm for that location. 
This analysis was conducted for both existing 
and planned land use and channel conditions at 
19 locations on the main stem of Fish Creek. The 
estimated peak flood discharges under existing 
and planned, year 2000 land use and existing 
channel conditions are set forth in Table 62. The 
reduction in flow in a downstream direction is 
due to floodwater storage behind restrictive 
roadway culverts. 

A comparison of peak flood discharges devel
oped under this system planning effort and 
those developed under the federal flood insur
ance study for the Village of Bayside is provided 
in Table 63. As shown in the table, the dis
charges are in relatively good agreement. The 
discharges used in the flood insurance study 

were estimated using regression equations 
developed for Wisconsin by the U. S. Geological 
Survey. Discharges resulting from use of those 
equations were adjusted to account for storage 
behind roadway culverts. 

Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 3.4-mile-Iong reach of Fish Creek 
studied, constitute a graphic representation of 
the flood stages along Fish Creek under the 
specified recurrence interval flood discharges, 
and under planned land use and existing chan
nel conditions. In addition to providing an 
overall representation of flood stages relative to 
familiar points of reference such as the channel 
bottom and bridge deck surfaces, the profiles, 
because they are continuous, permit the determi
nation of flood stages at any point along the 
stream channel. The flood profiles are shown in 
Figure 45. The extent of the 100-year recurrence 
interval floodplain under planned land use 
conditions is shown on Map 109. This delinea
tion of the flood hazard area in the City of 
Mequon was accomplished using large-scale 
topographic maps at a scale of 1 inch equals 200 
feet and a contour interval of five feet, supple
mented by construction plans for the various 
modifications carried out along the channel. The 
delineation of the flood hazard area in the 
Village of Bayside was accomplished using U. S. 
Geological Survey 7.5-minute quadrangle maps 
at a scale of 1 inch equals 2,000 feet and a 
contour interval of 10 feet. 

Recommended Flood Control 
System for Fish Creek 
As previously noted, no structure flood damages 
are expected along Fish Creek for floods up to 
and including the 100-year recurrence interval 
event under planned, year 2000 land use and 
existing channel conditions. Because of the lack 
of structure flood damages, no flood control or 
drainage alternatives were considered for Fish 
Creek. Accordingly, no flood control or drainage 
system plans are recommended. 

It is recommended, however, that the Milwaukee 
Metropolitan Sewerage District prepare large
scale topographic maps for those areas along the 
entire length of Fish Creek. As of 1988, no large
scale topographic mapping was available for 
that portion of the creek through the Village of 
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Table 62 

FLOOD DISCHARGES FOR EXISTING AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cubic feet per second) 

Existing Land Use Year 2000 Planned 
Existing Channel Land Use, Existing 

Conditions Channel Conditions 
River 

Location Mile 10-Year 50-Year 100-Year 10-Year 50-Year 100-Year 

Mouth at Lake Michigan 0.00 640 950 1,070 650 980 1,100 

Upstream of Confluence 
with Unnamed Tributary 0.30 580 840 940 590 870 970 

Dam Located Downstream 
of N. Broadmoor Road 1.22 510 670 740 520 700 770 

At Chicago & North 
Western Railway 1.57 470 590 640 480 620 670 

Upstream of Chicago & 
North Western Railway 1.59 680 1,090 1,250 710 1,130 1,290 

Upstream of Confluence 
with Unnamed Tributary 1.80 460 720 820 490 750 860 

W. County Line Road 2.11 450 690 780 480 720 820 

Upstream of Confluence 
with Unnamed Tributary 2.15 360 560 630 370 570 640 

Upstream of Confluence 
with Unnamed Tributary 2.57 240 370 400 260 370 430 

At IH 43 2.75 230 340 380 250 350 420 

Upstream of IH 43 2.80 190 270 290 200 270 350 

At Zedler Lane 2.89 170 240 260 180 240 330 

Upstream of Zedler Lane 3.00 180 300 350 190 310 360 

Upstream of Confluence with 
Cedar Ridge Condominium 
Lake Outlet 3.20 13 21 24 13 21 24 

Source: SEWRPC. 
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Table 63 

COMPARISON OF FLOOD FLOWS: VILLAGE OF BAYSIDE 
FLOOD INSURANCE STUDY AND MMSD SYSTEM PLAN 

River 
Location Mile 

Dam Downstream of 
N. Broadmoor Road 1.22 

Chicago & North Western Railway 1.57 

Upstream of Chicago & North 
Western Railway 1.59 

Upstream of Confluence with 
Unnamed Tributary 1.80 

Source: SEWRPC. 

Bayside. In addition, a significant amount of 
development has occurred along Fish Creek in 
the City of Mequon since the preparation of 
large-scale topographic maps by that commu
nity. For this reason, the delineation of the flood 
hazard area along Fish Creek that is shown on 
Map 109 can only be considered approximate. 
Since the new large-scale topographic maps 
would serve multiple uses, no cost has been 
assigned to the flood control plan. 

It is also recommended that when the culvert 
under Port Washington Road and Zedler Lane is 
replaced for transportation purposes, it be 

100-Year Recurrence Interval 
Flood Discharge 

(cubic feet per second) 

MMSD Percent 
Bayside FIS System Plan Difference 

705 740 5 

625 640 2 

1,290 1,250 -3 

850 820 -4 

designed so as to accommodate the 50-year 
recurrence interval flood flow without overtop
ping Port Washington Road, and the 10-year 
recurrence interval flood flow without overtop
ping Zedler Lane. 

Finally, it is recommended that the City of 
Mequon and the Village of Bayside request their 
respective county land conservation committees 
to cooperatively identify the extent of the erosion 
problems along Fish Creek, identifying the 
causes of that problem, and developing and 
implementing a sound solution to the problem. 
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Chapter VIII 

EVALUATION OF ALTERNATIVE AND SELECTION OF 
RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE 

SYSTEM PLAN-MILWAUKEE RIVER WATERSHED 

INTRODUCTION 

The drainage and flood control policy plan for 
the greater Milwaukee area, companion to this 
system plan, recommends that the Milwaukee 
Metropolitan Sewerage District assume jurisdic
tion for six perennial streams and one intermit
tent stream in the Milwaukee River watershed. 
These seven streams, totaling 16.5 lineal miles 
in length, include Indian Creek, Lincoln Creek, 
Pigeon Creek, unnamed Tributary 1, Beaver 
Creek, Southbranch Creek, and unnamed Tribu
tary 2. Only one of these streams-Lincoln 
Creel,t-has been studied under previous Com
mission planning programs. 1 All but two of 
these streams are currently located within the 
District boundaries. These two streams-Pigeon 
Creek and unnamed Tributary I-have not been 
included for detailed study under this system 
plan. Detailed system plans will be prepared for 
these two streams at such time that the District 
boundary is extended to include these water
courses. Each of the remaining five streams is 
considered in the following sections of this 
chapter. Data are presented on existing and 
probable future flood problems, alternative and 
recommended flood control and related drainage 
improvement measures, and recommended 
implementation actions. 

INDIAN CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Indian Creek was not studied under any previ
ous Commission planning program. Flood flows 
and stages were developed by the Federal 
Emergency Management Agency (FEMA) for 
that portion of the creek through the Village of 
Fox Point as part of the federal flood insurance 

1 See SEWRPC Community Assistance Planning 
Report No. 13, Flood Control Plan for Lincoln 
Creek, Milwaukee County, Wisconsin (2nd Edi
tion), September 1982. 

study for that village. An approximate delinea
tion of the flood hazard area along Indian Creek 
through the Village of River Hills was also made 
under the federal flood insurance study for that 
village. The hydrologic and hydraulic analyses 
conducted under this system planning effort 
represent a refinement of those earlier studies. 

Overview of the Study Area 
Indian Creek is a tributary of the Milwaukee 
River. The Indian Creek subwatershed is located 
largely within the Villages of Fox Point and 
River Hills, with small portions located within 
the City of Glendale and the Village of Bayside. 
From its origin near the intersection of E. Brown 
Deer Road and N. Rexleigh Drive in the Village 
of Bayside, Indian Creek flows in a generally 
southwesterly direction for approximately 2.64 
miles, and drains an area of about 3.12 square 
miles (see Map 110). Of this total drainage area, 
0.19 square mile, or about 6 percent, lies within 
the City of Glendale; 0.38 square mile, or about 
12 percent, lies within the Village of Bayside; 
1.45 square miles, or about 47 percent, lie within 
the Village of Fox Point; and 1.10 square miles, 
or about 35 percent, lie within the Village of 
River Hills. 

More specifically, from its origin near the 
intersection of E. Brown Deer Road and N. 
Rexleigh Drive, Indian Creek flows in a gener
ally southerly direction to E. Spooner Avenue 
extended. From there it flows westerly to a point 
about 700 feet west of IH 43, thence southerly for 
a distance of about 0.3 mile, and thence westerly 
again to its confluence with the Milwaukee River 
about 500 feet south of W. Bradley Road. Of the 
2.64-mile reach described, 1.94 miles, or 73 per
cent, is classified as perennial, while the remain
ing 0.70 mile, or 27 percent, is classified as 
intermittent. The entire perennial stream length 
is recommended for District jurisdiction in the 
policy plan companion to this system plan. 

In 1985, about 82 percent of the Indian Creek 
subwatershed was developed for urban use, 
including residential, commercial, institutional, 
and urban open space uses. Most of the remain
ing open land, about 84 percent, is located in the 
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Village of River Hills, where urban development 
is limited primarily to low·density residential use 
characterized by large lots, generally five acres 
or more in area. Runoff from the developed area 
of the Indian Creek subwatershed is conveyed 
mainly by a series of roadside drainage ditches. 
In the headwater area of the creek, many of 
these ditches are partially lined with concrete, 
however, so that surface runoff is conveyed 
relatively rapidly from individual sites to Indian 
Creek. 

Specific information on certain pertinent charac· 
teristics ofthe watershed, such. as hydrologic soil 
types, land slopes, and land use, appears in 
Chapter II of this report. The planned land use 
conditions utilized in the system planning 
assume that, with the exception of the Village of 
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River Hills, the watershed will be fully urbanized 
by the design year of the system plan. Some 
existing open space uses, such as parks, will 
remain; and the Village of River Hills is 
assumed to remain primarily in low-density, 
country estate-type, residential use . 

Channel improvements have been made along 
about 0.54 mile of perennial stream length in the 
Village of Fox Point and along the entire 0.70-
mile intermittent stream length to accommodate 
increased streamflows. The channel has been 
physically altered by deepening, straightening, 
and in some reaches lining with concrete. 

Flooding and Related Drainage Problems 
Investigations of historic flood problems along 
Indian Creek indicate that few problems exist 
within the watershed except along Indian Creek 
Parkway in the Village of Fox Point. Reported 
problems resulting from the storms of September 
10 and 11, 1986, included overland flooding in this 
area, with inundation of portions of Indian Creek 
Parkway Drive and some yard flooding. Flooding 
of homes along the Parkway during this flood 
event was limited to sanitary sewer backups. The 
flood discharge resulting from this storm event 
had a recurrence interval of about 30 years. The 
locations of reported flooding and drainage 
problems within the Indian Creek subwatershed 
during 1986 are shown on Map 111. 

The results of hydrologic and hydraulic analyses 
indicate that the following numbers of existing 
residences may be expected to experience direct 
flooding along Indian Creek under existing and 
planned land use conditions and existing chan
nel conditions: 

Approximate Number of Approximate Number of 
Flood Event Existing Homes Flooded Existing Homes Flooded 
Recurrence Existing Land Use and Planned Land Use and 

Interval Existing Channel Conditions Existing Channel Conditions 

100 18 18 
50 15 17 
10 0 0 

All of the homes which may be expected to incur 
direct flood damages are located within the 
Village of Fox Point along that reach of the 
stream between N. Port Washington Road and 
N. Seneca Avenue. 

No commercial properties are expected to expe
rience direct damages for floods up to and 
including the 100-year recurrence interval event 
under either existing or planned land use condi
tions. Additional homes and commercial proper-
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ties may, however, experience indirect flood 
damages through sanitary sewer backup. It 
should be noted that the flood control measures 
considered under this system plan are primarily 
intended to alleviate flood damages from direct 
overland flooding along the stream studied, as 
well as to provide an adequate outlet for local 
storm sewers and drainageways. These mea· 
sures may help to reduce flooding due to local· 
ized storm water drainage problems or sanitary 
sewer backups. 

The total average annual flood losses-dam
ages-for Indian Creek are estimated at $17,500 
under existing land use and channel conditions; 
and at $18,500 under planned land use and 
existing channel conditions. Flood losses from a 

100-year recurrence interval event are estimated 
at $520,000 under existing land use and channel 
conditions; and at $536,000 under planned land 
use and existing channel conditions. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
the related roadway. Based on those criteria, one 
bridge-E. Dean Road-is considered hydrauli
cally inadequate, as shown in Appendix C. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for development of design 
flood discharges for Indian Creek uses design 
rainfall events as input. The design rainfall 
events were developed using 10-, 50-, and 100-
year rainfall volumes obtained from the updated 
point rainfall depth-duration-frequency relation
ships developed by the Commission as discussed 
in Chapter III. The rainfall distribution utilized 
for each design storm was the median distri
bution of a first-quartile storm as shown in 
Chapter III. The design storm duration was 
determined for a given recurrence interval by 
simulating the peak discharge at a given loca
tion for a range of storm durations. The storm 
duration and associated rainfall volume which 
produced the largest peak discharge at a given 
location for a given recurrence interval was 
selected as the design storm for that location. 
This analysis was conducted for both existing 
and planned land use and channel conditions at 
five locations along the main stem of Indian 
Creek. The flood discharges that were developed 
were then checked by utilizing recorded high
water mark data available for two crest-stage 
gages maintained by the Milwaukee Metropoli
tan Sewerage District. These gages are located 
at N. Pheasant Lane and at E. Dean Road, and 
as of 1987, each had been in operation for 20 
years. Stage-discharge relationships developed 
under the Village of Fox Point federal flood 
insurance study were reviewed, found to be 
adequate, and used to convert the recorded 
stages to streamflow. A log Pearson Type III 
analysis was performed on the annual peak 
discharges for the 20 years of available record. 
The resulting discharge-frequency relationships 
were then used to check the discharges devel
oped with the hydrologic model. A comparison 
of the simulated and recorded discharges at 
these two gages is provided in Table 64. The 
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Table 64 

COMPARISON OF RECORDED AND SIMULATED DISCHARGES ALONG INDIAN CREEK 

Recorded Simulated 
MMSD Gage Recurrence Discharge Discharge Percent 

Number Location Interval (cts) (cfs) Difference 

SC 2-1 N. Pheasant Lane 10 900 780 -13 
(downstream side) 50 1,370 1,320 -4 

100 1,570 1,580 1 

SC 2-2 E. Dean Road 10 640 660 3 
(downstream side) 50 1,110 1,110 0 

100 1,380 1,320 -4 

Source: SEWRPC. 

Table 65 

FLOOD DISCHARGES FOR INDIAN CREEK FOR EXISTING AND 
YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cts) 

Existing Land Use, Year 2000 Planned Land 
Existing Channel Use, Existing Channel 

River 
Location Mile 10-Year 

Mouth at Milwaukee River ... 0.00 890 
W. Bradley Road ......... 0.13 890 
Private Drive · .......... 0.21 890 
N. River Road · .......... 0.41 760 
Private Drive · .......... 0.84 760 
Private Drive · .......... 1.05 760 
N. Pheasant Lane ........ 1.36 780 
IH43 ................ 1.38 780 
N. Port Washington Road .... 1.57 740 
E. Dean Road · .......... 1.91 660 

Source: SEWRPC. 

estimated peak flood discharges under existing 
and year 2000 planned land use conditions and 
existing channel conditions are set forth in 
Table 65. 

Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 1.9-mile-Iong reach of Indian Creek 
studied, constitute a graphic representation of 
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Conditions Conditions 

50-Year 100-Year 10-Year 50-Year 100-Year 

1,530 1,870 910 1,560 1,890 
1,530 1,870 910 1,560 1,890 
1,530 1,870 910 1,560 1,890 
1,270 1,500 790 1,300 1,520 
1,270 1,500 790 1,300 1,520 
1,270 1,500 790 1,300 1,520 
1,320 1,580 810 1,370 1,610 
1,320 1,580 810 1,370 1,610 
1,260 1,500 780 1,310 1,540 
1,110 1,320 700 1,160 1,350 

the flood stages along Indian Creek under the 
specified recurrence interval flood discharges, 
and under planned land use and existing chan
nel conditions. In addition to providing an 
overall representation of flood stages relative to 
familiar points of reference such as the channel 
bottom and bridge deck surfaces, the profiles, 
because they are continuous, permit the determi
nation of flood stages at any point along the 
stream channel. The flood profiles are shown in 
Figure 46. 



Table 66 

COMPARISON OF FLOOD FLOWS AND STAGES: VILLAGE OF 
FOX POINT FLOOD INSURANCE STUDY AND MMSD SYSTEM PLAN 

100-Year Recurrence Interval loo-Year Recurrence Interval 
Flood Discharge (cfs) Flood Stage (feet NGVD) 

Stage 
River Fox Point MMSD Percent Fox Point MMSD Difference 

Location Mile FIS System Plan Difference FIS System Plan (feet) 

IH 43 (upstream side) .... 1.40 1,200 1,580 
N. Port Washington Road 
(downstream side) . . . . . . 1.57 1,200 1,580 

N. Port Washington Road 
(upstream side) ....... 1.57 1,000 1,500 

Upstream of N. Port 
Washington Road ...... 1.73 1,000 1,500 

E. Dean Road 
(downstream side) . . . . . . 1.91 1,000 1,500 

E. Dean Road 
(upstream side) ....... 1.91 1,000 1,320 

Source: SEWRPC. 

As shown in Table 66, the flood flows and stages 
developed under this system planning effort are 
somewhat higher than those developed under 
the federal flood insurance study for the Village 
of Fox Point. It is believed that the discharges 
developed under this system planning effort 
constitute a more accurate representation of the 
watershed performance since they correlate 
well-generally within 5 percent-with the 
discharge-frequency relationships for the two 
District crest-stage gages. Those discharge
frequency relationships are based on 20 years of 
data, more than double the period of record 
available for calibration purposes at the time 
that the federal flood insurance study was 
prepared. Included in the additional years of 
record is the September 1986 storm event, which 
produced the highest recorded stages for the 20-
year period of record. 

The extent of the 100-year recurrence interval 
floodplain under planned land use conditions is 
shown on Map 112. This delineation of the flood 
hazard area was accomplished using large-scale 
topographic maps prepared in 1966 and 1970 for 
that reach within the Village of River Hills. No 
large-scale topographic mapping is available for 
the stream reach within the Village of Fox Point. 
The flood hazard area shown. on Map 112 for 

30 658.8 660.2 1.4 

30 659.2 660.4 1.2 

50 660.7 665.2 4.5 

50 660.8 665.3 4.5 

50 660.9 665.3 4.4 

32 661.4 665.4 4.0 

this reach was delineated using field-surveyed 
cross-section data, and therefore can only be 
considered approximate. 

Alternative Flood Control and Related 
Drainage System Plans for Indian Creek 
Three alternative flood control plans were consid
ered for alleviating the flood damage problems 
along Indian Creek: Alternative Plan I-no 
action; Alternative Plan 2-structure floodproof
ing, elevation, and removal; and Alternative 
Plan 3-culvert replacement. 

Each alternative is described below. The esti
mated economic benefits and costs attendant to 
each alternative are provided in Table 67. 

Alternative Plan I-No Action: One alternative 
course of action is to do nothing-that is, to 
recognize the inevitability of flooding, but to 
deliberately decide not to mount a collective, 
coordinated program to abate the flood damages. 
Under year 2000 planned land use and existing 
channel conditions, the average annual flood 
damages along this reach would approximate 
$18,500. There are no monetary benefits asso
ciated with this alternative, and the average 
annual cost would be equivalent to the average 
annual flood damage cost of $18,500. The dam
ages associated with the 100-year recurrence 
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Table 67 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR INDIAN CREEK IN THE VILLAGE OF FOX POINT 

Costs Benefit-Cost Analysis 

Annual 
Annual Benefits 

Minus Benefit- Ratio 
Amortized Operation and Annual Annual Cost Greater 

Alternative Description Capital Capitala Maintenance Other Total Benefits Costs Ratio than One 

1. No Action -- $ 0 $ 0 $ 0 $18,500 $18,500 $ 0 $-18,500 -- No 

2. Structure Elevate 18 residen- $627,000 $39,800 $ 0 $ 0 $39,800 $18,500 $-21,300 0.46 No 
Floodproofing, tial structures 
Elevation, and 
Removal 

3. Culvert Replace culverts at $290,OOOb $18.400 $ 0 $ 0 $18.400 $18,500 $ 100 1.01 Yes 
Replacement one road crossing 

a Amortized capital cost is based on an intarest rata of 6 percent and a project life of 50 years. 

bCost of this bridge replacament was previously assigned under the Commission's adopted regional transportation plan. 

Source: SEWRPC. 

interval flood under year 2000 planned land use 
and existing channel conditions would approxi
mate $536,000. 

Alternative Plan 2-Structure Floodproofing, 
Elevation, and Removal: A structure floodproof
ing, elevation, and removal alternative flood 
control plan was analyzed to determine if such 
a structure-by-structure approach would be a 
technically feasible and economically viable 
solution to the flood problem along Indian 
Creek. For analytical purposes, the 100-year 
recurrence interval flood stage under year 2000 
planned land use and existing channel condi
tions was used to estimate the number of 
existing flood-prone structures to be flood
proofed, elevated, or removed and the approxi
mate costs involved. 

In the case of residential structures, floodproof
ing 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 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 rea
sons, structure elevation was limited to a maxi-

mum of four feet. Structures that would have to 
be elevated more than four feet were considered 
for removal. 

As shown on Map 113, all ofthe 18 houses which 
may be expected to incur flood damage would 
have to be elevated. Damage from floods up to 
and including the 100-year recurrence interval 
event would be virtually eliminated. 

Assuming that these structure flood proofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $39,800. This cost consists of the 
amortization of the $627,000 capital cost for 
structure elevation. The average annual flood 
damage abatement benefit is estimated at 
$18,500, yielding a benefit-cost ratio of 0.46. 

Alternative Plan 3-Culvert Replacement: This 
alternative plan for the resolution of the flood 
pro blem along Indian Creek is shown on 
Map 114, and consists of replacing the existing 
culverts under N. Port Washington Road at 
River Mile 1.57. Currently, flow under this road 
crossing is carried by three 96-inch-diameter 
corrugated metal pipes, each 132 feet in length. 
During major flood events, these pipes are 
submerged, producing significant backwater 
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Map 113 

ALTERNATIVE PLAN 2: STRUCTURE 
FLOODPROOFING, ELEVATION, AND 

REMOVAL ALONG INDIAN CREEK 
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effects. Under this alternative, these culverts 
would be replaced by two 12-foot-wide by 12-foot
high reinforced concrete box culverts, each 132 
feet in length. It should be noted that this 
crossing is already designated for replacement 
under the adopted regional transportation sys
tem plan. Therefore, the cost of this bridge 
replacement has already been assigned under 
that plan. 

Implementation of this alternative would essen
tially eliminate all damages due to overland 
flooding for floods up to and including the 100-
year recurrence interval event. Because of the 
reduction in floodwater storage resulting from 
this culvert replacement, downstream flood 
flows and stages may be expected to increase as 
shown in Table 68. The 100-year recurrence 
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Map 114 

ALTERNATIVE PLAN 3: CULVERT 
REPLACEMENT ALONG INDIAN CREEK 
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interval flood discharge under planned land use 
conditions may be expected to increase from 8 to 
18 percent, causing increases in downstream 
flood stages ranging from 0.2 to 0.8 foot. No 
additional structural flood damages, however, 
are expected as a result of these increased flows. 
Flood easements or other legal arrangements 
may, however, have to be obtained from property 
owners affected by the stage increase. 

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 $18,400. This cost consists of the 
amortization of the $290,000 capital cost of the 
culvert replacement. The average annual flood 
abatement benefit is estimated at $18,500, 
yielding a benefit-cost ratio of 1.01. 



Table 68 

ANTICIPATED INCREASES IN PLANNED LAND USE FLOOD FLOWS AND STAGES ALONG 
INDIAN CREEK DUE TO IMPLEMENTATION OF ALTERNATIVE SYSTEM 3: CULVERT REPLACEMENT 

1oo-Year Recurrence Interval 1 OO-Year Recurrence Interval 
Flood Discharge (cts) Flood Stage (teet NGVD) 

Location 

Mouth ............. 
W. Bradley Road 
(upstream side) · ...... 

Private Drive 
(upstream side) · ...... 

N. River Road 
(upstream side) · ...... 

Private Drive 
(upstream side) · ...... 

Private Drive 
(upstream side) · ...... 

Private Drive 
(upstream side) · ...... 

N. Pheasant Lane 
(downstream side) . . . . . . 

IH43 
(upstream side) · ...... 

N. Port Washington Road 
(downstream side) ...... 

N. Port Washington Road 
(upstream side) · ...... 

E. Dean Road 
(upstream side) · ...... 

Source: SEWRPC. 

Evaluation of Flood Control 
Alternatives for Indian Creek 

River Existing 
Mile Culverts 

0.00 1,890 

0.13 1,890 

0.21 1,890 

0.41 1,520 

0.66 1,520 

0.84 1,520 

1.05 1,520 

1.36 1,520 

1.39 1,610 

1.57 1,610 

1.57 1,540 

1.91 1,350 

The costs associated with each of the floodland 
management alternatives considered for Indian 
Creek are summarized in Table 67. Both Alter
natives 2 and 3 were found to be technically 
feasible. Alternative 3-culvert replacement
produced a benefit-cost ratio of about one. The 
"no action" alternative, while offering the lowest 
cost, does nothing to alleviate the flood problem 
and does not represent a sound approach to 
flood control. 

Alternative Plan 2-structure floodproofing, 
elevation, and removal-presents several prob
lems in implementation. First, complete imple
mentation of a voluntary structure floodproofmg 
and elevation program is unlikely, and with 

Stage 
Proposed Percent Existing Proposed Increase 
Culverts Increase Culverts Culverts (feet) 

2,040 8 646.0 646.3 0.3 

2,040 8 647.4 647.5 0.1 

2,040 8 647.8 648.0 0.2 

1,700 11 651.8 652.6 0.8 

1,700 11 653.5 653.8 0.3 

1,700 11 655.6 656.0 0.4 

1,700 11 656.7 657.0 0.3 

1,700 11 659.3 656.6 0.3 

1,890 17 660.2 660.9 0.7 

1,890 17 660.5 661.0 0.5 

1,810 18 665.4 661.8 -3.6 

1,350 0 665.5 662.5 -3.0 

partial implementation, the Village of Fox Point 
would be left with a residual problem whenever 
a major flood event occurred. Also, yard dam
ages and cleanup costs would remain under this 
alternative. 

Implementation of Alternative Plan 3-culvert 
replacement-would serve to eliminate structure 
flooding up to a IOO-year recurrence interval 
event while yielding a benefit-cost ratio of about 
one. In addition, by reducing the flood profile 
upstream of N. Port Washington Road, this 
alternative should help to reduce the severity of 
sanitary sewer backups in this area. Although 
this alternative is expected to cause increased 
flood flows and stages in downstream reaches, 
these increases are small enough so as to 
produce no structure flood damages. Implemen-
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tation of this alternative may be difficult since 
legal arrangements would have to be made with 
all affected property owners along the reaches 
downstream of N. Port Washington Road. 

Recommended Flood Control 
System for Indian Creek 
Based upon consideration of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
is recommended that Alternative Plan 3-culvert 
replacement-be adopted for Indian Creek. 

The total capital cost of the recommended flood 
control plan is estimated at $290,000 in 1986 
dollars. The recommended plan is shown on 
Map 115. 

Implementation of the recommended plan would 
essentially eliminate all flood-related damages to 
existing structures along the Indian Creek 
channel for floods up to and including the 100-
year recurrence interval event under planned 
land use conditions. 

The recommended plan calls for replacing the 
existing culverts under N. Port Washington 
Road with two 12-foot-wide by 12-foot-high 
reinforced concrete box culverts. As previously 
noted, the recommended replacement would 
result in an increase of 0.2 to 0.8 foot in the 
downstream 100-year recurrence interval flood 
profile under planned land use conditions, 
requiring the acquisition of flooding easements 
from affected property owners. This increase 
would not, however, result in additional struc
ture flood damage. The recommended plan 100-
year recurrence interval flood profile is shown in 
Figure 47. 

In addition to the culvert replacement, it is 
recommended that large-scale topographic maps 
be prepared for the area in the Village of Fox 
Point along that reach of Indian Creek desig
nated for District jurisdiction. No large-scale 
topographic mapping exists for that area. These 
maps are needed to accurately delineate the 
limits of the floodplain. Large-scale topographic 
maps are available for the area along Indian 
Creek in the Village of River Hills. These include 
maps prepared in 1966 for the Village of River 
Hills, as well as maps prepared in 1970 as part 
of the Commission's Milwaukee River watershed 
study. A review of 1985 aerial photographs for 
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Table 69 

SUMMARY OF RECOMMENDED PLAN 
CAPITAL COSTS-INDIAN CREEK 

Estimated 
Capital 

Implementing Agency Improvements Cost 

Milwaukee Metropolitan Culvert Removal $ 29,000 
Sewerage District 

Milwaukee County Culvert Replacement 261,000 

Total -- $290,000 

Source: SEWRPC. 

this area indicates that few changes have 
occurred in the riverine area through this reach. 
Accordingly, no new topographic maps are 
recommended for the reach of Indian Creek 
through the Village of River Hills. Since the new 
maps would serve multiple purposes, none of the 
attendant costs have been assigned to the flood 
control plan. 

Flood Control and Related Drainage 
System Plan Implementation 
It is recommended that the structural measures 
developed for the abatement of flood problems 
along Indian Creek be implemented through the 
cooperative efforts of Milwaukee County and the 
Milwaukee Metropolitan Sewerage District. More 
specifically, it is recommended that the District 
pay for the removal of the existing culverts, and 
that the County pay for the design and construc
tion of the replacement culverts at N. Port Wash
ington Road. It is further recommended that the 
District make appropriate legal arrangements, 
as necessary, with all downstream property 
owners who will be affected by the recommended 
culvert replacement. Finally, it is recommended 
that the District prepare large-scale topographic 
maps for the area along that reach of Indian 
Creek in the Village of Fox Point recommended 
for District jurisdiction. 

The capital costs associated with the recom
mended plan for Indian Creek are summarized 
in Table 69. 
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RECOMMENDED PLAN FLOOD STAGE PROFILE FOR INDIAN CREEK 
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LINCOLN CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Flood control and related drainage improve
ments for Lincoln Creek were considered in a 
flood control plan prepared by the Commission 
in September 1982.2 That report was completed 
in the absence of large-scale topographic map
ping for all except a small portion of the 
subwatershed, and thus the work had to rely 
primarily on surveyed stream valley cross
sections for topographic data. While adequate 
data were available to characterize the stream 
channel and to estimate flood flows and stages, 
it was not possible to precisely delineate the 
limits of the flood hazard areas. In 1986, new 
topographic maps at a scale of one inch equals 
100 feet, with two-foot contour interval, were 
prepared for the riverine areas of the subwater
shed. The plan herein presented represents a 
refinement of the previously prepared plan, 
incorporating a revised flood hazard area 
delineation using the recently obtained large
scale topographic maps. In addition, rainfall 
and flooding events that have occurred since 
completion of the previous plan have been 
considered in the reevaluation, and the costs of 
the recommended plan have been updated to a 
1986 base. 

Overview of the Study Area 
Lincoln Creek is a tributary of the Milwaukee 
River. The Lincoln Creek subwatershed is 
located almost entirely within the City of 
Milwaukee. Small portions of the subwatershed 
are located in the Village of Brown Deer and the 
City of Glendale. From its headwater area near 
N. 76th Street and W. Good Hope Road, Lincoln 
Creek flows in a generally southeasterly direc
tion for a distance of approximately 9.7 miles, 
and drains an area of about 19.26 square miles 
(see Map 116). 

More specifically, from its origin near N. 76th 
Street and W. Good Hope Road, Lincoln Creek 
flows in a generally easterly direction to the 
vicinity of N. 51st Street and W. Good Hope 
Road. From this point, the creek flows in a 
generally southerly direction to the vicinity of N. 
60th Street and W. Hampton Avenue, and thence 

2Ibid. 
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in a generally easterly direction to its confluence 
with the Milwaukee River in Lincoln Park near 
N. Green Bay Avenue and W. Villard Avenue. Of 
the 9.7-mile reach described, 8.1 miles, or 84 per
cent, is classified as perennial, while the remain
ing 1.6 miles, or 16 percent, is classified as 
intermittent. The entire perennial stream length 
and 0.5 mile of intermittent stream, a total of 8.6 
miles, is recommended for District jurisdiction in 
the policy plan companion to this system plan. 

For the purpose of this report, that portion of 
Lincoln Creek lying north of W. Silver Spring 
Drive has been designated "Upper Lincoln 
Creek," and that portion lying south of W. Silver 
Spring Drive has been designated "Lower Lin
coln Creek." Upper Lincoln Creek drains an area 
of about 4.09 square miles. In 1985, about 50 per
cent of this area had been developed for urban 
use. The remaining open space land uses con
sisted primarily of golf courses and cemeteries, 
with some agricultural and unused land, and the 
Havenwoods Environmental Center. 

Lower Lincoln Creek drains an area of about 
15.17 square miles lying between W. Silver 
Spring Drive and the Milwaukee River. In 1985, 
this area was almost completely developed for 
urban use, including residential,· commercial, 
industrial, institutional, and urban open space 
uses. The open space uses were comprised of 
public parks, cemeteries, and a parkway system 
located along Lincoln Creek from the vicinity of 
N. 60th Street and W. Hampton Avenue to 
Lincoln Park on the Milwaukee River. The 
developed areas of the Lincoln Creek subwater
shed are generally provided with a full range of 
municipal street improvements, including paved 
streets with curbs and gutters and attendant 
storm sewers. Accordingly, surface runoff is 
generally conveyed rapidly from each individual 
site to Lincoln Creek through storm sewers. 

Specific data on certain pertinent characteristics 
of the subwatershed, such as soil types, land 
slopes, and land use, appear in Chapter II of this 
report. It should be noted that the planned land 
use considered in this report assumes that the 
subwatershed will be fully urbanized. However, 
existing open space uses such as parks, cemeter
ies, golf courses, and the Havenwoods Environ
mental Center would remain. 

Flooding, in various degrees, is a common 
occurrence adjacent to Lincoln Creek. Flooding 
along the creek has increased proportionally to 
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the conversion of land from open, rural uses to 
urban uses. Some channel improvements have 
been made to accommodate the increased 
streamflows. Only a short segment of the creek, 
about 1.3 miles in length, from N. Teutonia 
A venue to the confluence with the Milwaukee 
River is in a relatively natural state. The 
remainder of the channel has been physically 
altered by deepening, straightening, or lining 
with concrete or stone, and by the construction 
of sills or drop spillways. 

Flooding and Related Drainage Problems 
Flooding occurs quite frequently along Lincoln 
Creek. Over the 25-year period 1960 through 
1985, more than 1,300 separate flooding and 
water-related problems have been reported by 
property owners in the area, including first floor 
flooding, yard flooding, and basement flooding, 
based upon records maintained by the City 
Engineer of the City of Milwaukee. During 1986, 
there were six storm events for which flooding 
and water-related problems in the Lincoln Creek 
subwatershed were documented. More than 640 
separate such problems were documented during 
1986, with the most-327-being reported during 
the August 6 rainfall. Problems reported 
included first floor inundation, basement flood
ing, and yard flooding, with the most common 
complaint being basement flooding caused by 
sewer backup. Flooding of roadways and under
passes has also occurred frequently within the 
subwatershed. 

The areas that most frequently experience 
flooding problems in the subwatershed are 
outlined on Map 117. The total average annual 
monetary flood damages within the Lincoln 
Creek subwatershed resulting from direct over
land flooding are estimated at $618,000 under 
1985 land use conditions, and $837,000 under 
year 2000 planned land use conditions. 

In addition to the direct overland flooding 
problems within the Lincoln Creek subwa
tershed, drainage problems occur. These prob
lems are related to nine major storm sewer 
outlets located between the Chicago & North 
Western Railway crossing at River Mile 6.73 and 
the upstream crossing of the same railway at 
River Mile 8.49 which discharge into Lincoln 
Creek but do not have free outlets. As shown in 
Figure 48, the inverts of these storm sewer 
outlets are set at elevations below the existing 
channel bottom. Some of the storm sewer outlets 
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are provided with smaller diameter outlet pipes 
which slope upward to allow storm water to be 
discharged above the channel bottom, while 
other sewers are filled with streambed material 
to the elevation of the existing channel bottom. 
This condition has been reported by the City 
Engineer of the City of Milwaukee to cause 
deposition of solids in the tributary storm sewer 
systems, resulting in the need for special main
tenance and the potential for stormwater pond
ing in the tributary drainage areas due to the 
restricted capacity of the storm sewer outlets. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
the related roadway. Based on those criteria, 
seven bridges are considered hydraulically 
inadequate as shown in Appendix C. These 
bridges are located at N. Teutonia Avenue, N. 
35th Street, N. Sherman Boulevard, N. 60th 
Street and W. Custer Avenue, W. Woolworth 
Avenue, N. 51st Street, and W. Mill Road. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for developing design 
flood discharges for Lincoln Creek uses design 
rainfall events as input. The design rainfall 
events were developed using 10-, 50-, and 100-
year rainfall volumes obtained from the updated 
point rainfall depth-duration-frequency relation
ships developed by the Commission as discussed 
in Chapter III. The rainfall distribution utilized 
for each design storm was the median distribu
tion of a first-quartile storm, as shown in 
Chapter III. The design storm duration was 
determined for a given recurrence interval by 
simulating the peak discharge at a given loca
tion for a range of storm durations. The storm 
duration and associated rainfall volume that 
produced the largest peak discharge at a given 
location for a given recurrence interval was 
selected as the design storm for that location. 
This analysis was conducted for both existing 
and planned land use and channel conditions at 
24 locations on the main stem of Lincoln Creek. 
The flood discharges simulated by the hydro
logic model were then checked by incorporating 
the discharges into a hydraulic model to develop 
stages and comparing those stages to high-water 
mark data. Such data were available for a period 
of up to 22 years at 17 locations on the channel 
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AREAS WITH REPORTED FLOODING AND DRAINAGE 
PROBLEMS IN THE LINCOLN CREEK SUBWATERSHED: 1960-1986 
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Figure 48 

PROFILE ILLUSTRATING THE EXISTING STORM SEWER OUTLETS 
IN A PORTION OF THE UPPER LINCOLN CREEK SUBWATERSHED 
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from the City Engineer of the City of Milwaukee, 
and for a period of up to 15 years at eight crest
stage gage locations on the channel, the gages 
being maintained by the Milwaukee Metropoli
tan Sewerage District. 

In the preparation of the original Lincoln Creek 
flood control plan, the rainfall relationships 
were based on the 64-year period of record 
extending from 1903 through 1966. As noted in 
Chapter III, the Commission in 1987 revised the 
point rainfall depth-duration-frequency relation
ships to incorporate 20 more years of rainfall 
data. This was done to incorporate certain recent 
and unusually intensive rainfall events into 
these relationships. The revised point rainfall 
depth-duration-frequency relationships, how
ever, were not significantly different from those 
relationships previously derived from 64 years of 
record. Moreover, a review of the flood dis
charges indicated that use of the new relation
ships would have no significant impacts on the 
100-year recurrence interval flood discharges 
throughout the subwatershed. Accordingly, the 
development of revised design flood discharges 
for Lincoln Creek was not considered warranted, 
and the previously developed flood flows and 
stages for Lincoln Creek were utilized in the 
preparation of the refined drainage and flood 
control system plan for the subwatershed. 

The estimated peak flood discharges under 
existing and year 2000 planned land use condi
tions and existing channel conditions are set 
forth in Table 70. Flood stage profiles were 
determined for the 10-, 50-, and 100-year recur
rence interval runoff events under planned land 
use and existing channel conditions. These 
profiles, which encompass the full 8.6-mile-Iong 
reach of Lincoln Creek studied, constitute a 
graphic representation of the flood stages along 
Lincoln Creek under the specified recurrence 
interval flood discharges, and under planned 
land use and existing channel conditions. In 
addition to providing an overall representation 
of flood stages relative to familiar points of 
reference such as the channel bottom and bridge 
deck surfaces, the profiles, because they are 
continuous, permit the determination of flood 
stages at any point along the stream channel. 
The flood profiles are shown in Figure 49. The 
extent of the 100-year recurrence interval flood
plain under planned land use conditions is 
shown on Map 118. 

Alternative Flood Control 
Systems for Upper Lincoln Creek 
In the preparation of the original flood control 
plan for the Lincoln Creek subwatershed, five 
alternative flood control systems were considered 
for alleviating the flood damage problem along 
Upper Lincoln Creek: Alternative System 1-
no action; Alternative System 2-limited chan
nelization; Alternative System 3-floodwater 
storage; Alternative System 4-diking; and 
Alternative System 5-structure floodproofing, 
elevation, and removal. 

Each alternative system is described briefly 
below. The economic benefits and costs atten
dant to each alternative are provided in 
Table 71. More detailed descriptions of these five 
alternatives are set forth in SEWRPC Com
munity Assistance Planning Report No. 13. 

Alternative System I-No Action: One alterna
tive course of action always available is to do 
nothing-that is, to recognize the inevitability of 
extensive flooding but to decide not to mount a 
collective, coordinated program to abate the 
flood damages. Given the expressed public 
concern, it is highly unlikely, however, that a 
"no action" course should, or indeed could, be 
followed with respect to Upper Lincoln Creek. 
Therefore, this alternative, although technically 
feasible, is probably not practical. 

Alternative System 2-Limited Channelization: 
This alternative system for the resolution of the 
flood problems along Upper Lincoln Creek 
consists of about 1.7 miles of channel improve
ments, including channel deepening, cleaning, 
and debrushing, as shown on Map 119. This 
alternative system also includes construction of 
approximately 80 feet of earthen dikes, removal 
of a concrete drop spillway, and replacement of 
a railway crossing culvert, also as shown on 
Map 119. Implementation of this alternative 
would essentially eliminate all damages from 
floods up to and including the 100-year recur
rence interval event. 

Alternative System 3-Floodwater Storage: The 
storage alternative for Upper Lincoln Creek 
would provide for the construction of two deten
tion reservoirs, one having a storage capacity of 
84 acre-feet and the other 48 acre-feet. In 
addition to the proposed storage, cleaning and 
debrushing or other actions which would result 
in improved hydraulic efficiency would be 
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Table 70 

FlOOD DISCHARGES FOR LINCOLN CREEK FOR EXISTING 
AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cfs) 

Existing Land Use, Planned Land Use, 
Existing Storage, and Existing Storage, and 

Existing Channel Conditions Existing Channel Conditions 
River 

Location Mile 10-Year 50-Year lOO-Year 10-Year 50-Year lOO-Year 

Mouth at Milwaukee River ........ 0.00 5,310 7,350 7,980 5,410 7,370 7,970 
N. Green Bay Avenue · ......... 0.43 5,310 7,350 7,980 5,410 7,370 7,970 
W. Villard Avenue ............. 0.81 4,640 6,120 6,510 4,740 6,120 6,510 
Pedestrian Bridge ............. 0.93 4,640 6,120 6,510 4,740 6,120 6,510 
N. Teutonia Avenue ............ 1.30 4,640 6,120 6,510 4,740 6,120 6,510 
W. Cameron Avenue · .......... 1.53 4,480 5,840 6,160 4,580 5,840 6,160 
Soo Line Railroad · ............ 1.65 4,480 5,840 6,160 4,580 5,840 6,160 
W. Hampton Avenue · .......... 1.73 4,480 5,840 6,160 4,580 5,840 6,160 
N. 32nd Street . . . . . . . . . . . . . . . 1.90 4,480 5,840 6,160 4,580 5,840 6,160 
Soo Line Railroad · ............ 2.01 4,480 5,840 6,160 4,580 5,840 6,160 
Glendale Avenue · ............ 2.20 4,480 5,840 6,160 4,580 5,840 6,160 
N. 35th Street · .............. 2.52 3,640 4,510 4,600 3,730 4,530 4,600 
N. 37th Street · .............. 2.64 -- - - -- -- -- --
Downstream Side · ........... -- 3,640 4,510 4,600 3,730 4,530 4,600 
Upstream Side · ............. -- 3,730 4,900 5,160 3,880 4,960 5,240 

N. Sherman Boulevard · ......... 3.03 -- -- - - -- - - --
Downstream Side · ........... -- 3,720 4,730 4,990 3,870 4,790 5,060 
Upstream Side · ............. -- 4,500 7,070 8,020 4,810 7,440 8,480 

N. 51 st Street · .............. 3.59 3,670 5,860 6,760 4,020 6,290 7,340 
Pedestrian Bridge . . . . . . . . . . . . . 3.80 3,670 5,860 6,760 4,020 6,290 7,340 
N. 58th Street (extended) ........ 4.16 3,670 5,860 6,760 4,020 6,290 7,340 
N. 60th Street · .............. 4.24 2,840 4,570 5,290 3,190 5,000 5,860 
W. Hampton Avenue · .......... 4.41 2,840 4,570 5,290 3,190 5,000 5,860 
Pedestrian Bridge · ............ 4.56 2,150 3,480 4,040 2,490 3,910 4,590 
W. Villard Avenue ............. 4.92 830 1,400 1,680 1,130 1,820 2,160 
N. 60th Street · .............. 5.37 830 1,400 1,680 1,130 1,820 2,160 
W. Silver Spring Drive · ......... 5.65 -- -- -- -- -- --
Downstream Side · ........... -- 830 1,400 1,680 1,130 1,820 2,160 
Upstream Side · ............. -- 470 710 790 530 770 840 

Drop Structure · ............. 5.79 470 710 790 530 770 840 
U. S. Army Bridge ............. 6.06 440 670 740 500 720 780 
Wisconsin & Southern Railroad ..... 6.28 400 600 660 440 640 690 
Havenwoods Bridge · .......... 6.29 400 600 660 440 640 690 
Chicago & North Western Railway ... 6.73 -- -- -- -- -- - -
Downstream Side · ........... -- 420 610 660 460 640 700 
Upstream Side · ............. -- 610 1,070 1,290 800 1,370 1,640 

W. Woolworth Avenue · ......... 6.82 490 870 1,040 660 1,110 1,330 
N. 51 st Street · .............. 6.86 490 870 1,040 660 1,110 1,330 
W. Mill Road ................ 6.90 490 870 1,040 660 1,110 1,330 
W. Greentree Road · ........... 7.40 -- -- -- -- -- - -
Downstream Side · ........... -- 370 660 790 510 850 1,020 
Upstream Side · ............. -- 240 350 390 260 380 400 

W. Good Hope Road 
(structure outlet) . . . . . . . . . . . . . 7.92 320 500 560 340 540 630 

Chicago & North Western Railway 
(structure inlet) . . . . . . . . . . . . . . 7.97 180 250 280 210 290 310 

Chicago & North Western Railway ... 8.49 180 250 280 210 290 310 
N. 60th Street · .............. 8.55 -- -- -- -- -- --
Downstream Side · ........... -- 180 250 280 210 290 310 
Upstream Side · ............. -- 260 470 550 350 590 700 

Source: SEWRPC. 
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Table 71 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR THE LINCOLN CREEK SUBWATERSHED 

Upper Lincoln Creek, Interest Rate = 6 Percent, 50-Year Period of Economic Analysis 

Costs Benefit-Cost Analysis 

Annual Annual Economic 
Benefits Benefit- Ratio 

Amortized Operation and Annual Minus Cost Greater 
Alternative Capital Capital Maintenance Other Total Benefits Annual Costs Ratio than One 

1. No Action •....••..•.. $ -- $ -- $ -- $ 32,300 $ 32,300 $ -- $ -32,300 -- No 
2. Limited Channelization . • . . 329,600 20,800 500 -- 21,300 32,300 11,000 1.52 Yes 
3. Floodwater Storage ...... 523,000 32,900 1,100 -- 34,000 32,300 -1,700 0.95 No 
4. Diking .........•.... 404,000 25,500 700 -- 26,200 32,300 6,100 1.23 Yes 
5. Structure Floodproofing, 

Elevation, and Removal .••. 407,000 25,800 -- -- 25,800 32,300 6,500 1.25 Yes 

Lower Lincoln Creek, Interest Rate = 6 Percent, 50-Year Period of Economic Analysis 

Costs 

Annual 

Amortized Operation and 
Alternative Capital Capital Maintenance 

1. No Action •.•..••••... $ -- $ -- $ --
2. Major Channelization ..••. 9,591,600 604,000 6,000 
3. Diking and Pumping ..... 12,115,600 763,000 14,000 
4. Structure Floodproofing, 

Elevation, and Removal . • • . 20,229,000 1,283,000 --

Source: SEWRPC. 

required for 1.57 miles of channel. This alterna
tive would also require the replacement of one 
railroad crossing culvert and the floodproofing 
of seven structures. These improvements are 
shown on Map 120. Implementation of this 
alternative would essentially eliminate all 
damages from floods up to and including the 
100-year recurrence interval event. 

One of the storage reservoirs would be located on 
a 16-acre site located between W. Good Hope 
Road and W. Green Tree Road. The reservoir 
dam would be constructed across the existing 
channel about 50 feet north of W. Green Tree 
Road, and would have an average height of 
about seven feet. The structure would be an 
earthen dam with an outlet spillway, which 
would consist of one four-foot-diameter concrete 
pipe. A levee would be constructed along the 
eastern and northern boundaries of the Daniel 
Webster Junior High School property west of 
Lincoln Creek. The levee would extend from the 

Benefit-Cost Analysis 

Annual Economic 

Benefits Benefit- Ratio 
Annual Minus Cost Greater 

Other Total Benefits Annual Costs Ratio than One 

$617,000 $ 617,000 $ -- $-617,000 -- No 

-- 610,000 617,000 7,000 1.01 Yes 

-- 777,000 617,000 -160,000 0.79 No 

-- 1,283,000 617,000 -666,000 0.48 No 

dam upstream approximately 800 feet, and then 
westward an additional 700 feet to contain 
floodwaters in the reservoir without flooding the 
school property. The reservoir would have a 
maximum storage capacity of 84 acre-feet, and 
would serve to reduce the 100-year recurrence 
interval flood below W. Green Tree Road from 
1,020 cubic feet per second (cfs) to 900 cfs. The 
second storage system would involve the exist
ing 11 ponds on the Brynwood Country Club 
grounds, located immediately west of N. 60th 
Street. The ponds and adjacent floodlands would 
remain in their present condition and use. A new 
earthen dam and control spillway would be 
constructed at the outlet of the lowest pond to 
more effectively reduce flood discharges from the 
series of 11 ponds and increase floodwater 
storage. The outlet spillway would consist of a 
four-foot-diameter concrete pipe. This series of 
reservoirs would have a storage capacity of 48 
acre-feet, and would serve to reduce the 100-year 
recurrence interval flood below N. 60th Street 
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Map 119 

ALTERNATIVE PLAN 2: LIMITED CHANNELIZATION 
IN THE UPPER LINCOLN CREEK SUBWATERSHED 
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from 310 cfs to 190 cfs. It should be noted that 
the existing structures at W. Green Tree Road 
and N. 60th Street are hydrologically significant 
and reduce flows significantly. 

As part of the analyses conducted under this 
alternative, an analysis was made of the other 
potential floodwater storage sites, such as a site 
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Map 120 

ALTERNATIVE PLAN 3: FLOOD STORAGE IN 
THE UPPER LINCOLN CREEK SUBWATERSHED 
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t 
in Havenwoods immediately upstream of the 
Wisconsin & Southern Railroad. The Wisconsin 
& Southern structure results in a moderate 
amount of floodwater storage because of its 
relatively small hydraulic capacity. No signifi· 
cant flood control benefit would be realized by 
providing additional floodwater storage at this 
site because flood damages between the site and 



W, Silver Spring Drive are minor for both 
existing and future land use conditions, and 
flood flows in the heavily urbanized reach 
downstream of W, Silver Spring Drive would not 
be significantly reduced by the provision of 
additional floodwater storage at the Haven
woods site. 

Another storage alternative considered was the 
use of decentralized-or off-stream, onsite
detention and retention facilities, Under this 
alternative, a large number of relatively small 
detention or retention basins would be developed 
throughout the subwatershed, This alternative 
was not considered further, since the Lincoln 
Creek subwatershed is almost fully developed, 
with much of the development being at densities 
which would make the cost of retrofitting with 
storage facilities prohibitively high, as well 
as impractical. 

Alternative System 4-Diking: In the diking 
alternative, 1,200 feet of earthen dike would be 
constructed along both sides of 0,22 mile of 
channel, as shown on Map 121, to alleviate flood 
damages. It would also be necessary to clean out 
and debrush 1.57 miles of the channel, also as 
shown on Map 121, to improve the hydraulic 
efficiency of the existing channel. This alterna
tive would also require the replacement of one 
railroad crossing culvert and the flood proofing 
of seven structures, Implementation of this 
alternative would essentially eliminate all 
damages attendant to floods up to and including 
the 100-year recurrence interval event. 

Alternative System 5-Structure Floodproofing, 
Elevation, and Removal: A structure floodproof
ing, elevation, and removal alternative flood 
control system was analyzed to determine if 
such a structure-by-structure approach would be 
a technically feasible and economically viable 
solution to the flood problem along Upper 
Lincoln Creek. The analysis indicated that 
14 structures would have to be elevated and 11 
structures would have to be floodproofed. No 
structures would have to be removed under this 
alterna tive, Implementation of this alternative 
would essentially eliminate all damages from 
floods up to and including the 100-year recur
rence interval event. 

The previously described flood control alterna
tives for Upper Lincoln Creek were designed to 
resolve overload flooding caused directly by high 
water levels in the Lincoln Creek channel, and 

Map 121 

ALTERNATIVE PLAN 4 : LOCATION 
OF PROPOSED DIKES IN THE UPPER 
LINCOLN CREEK SUBWATERSHED 
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were not intended to address the drainage 
problems attendant to the restricted capacity of 
the storm sewer outlets along Upper Lincoln 
Creek. A separate analysis, therefore, was 
conducted to evaluate alternative means of 
ameliorating the restricted storm sewer outlet 
condition. Two alternative systems were evalu-
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ated in addition to the "no action" alternative
a channel deepening alternative and a parallel 
storm sewer alternative. 

Storm Sewer Outlet Relief Alternative 1-No 
Action: One alternative course of action to 
consider to deal with the storm sewer outlet 
problem along Upper Lincoln Creek is to do 
nothing-that is, to allow the situation to 
continue in its present state. Because the storm 
sewer outlets are partially restricted, solids 
buildup in the sewers may be expected to occur, 
thereby further restricting the capacity. This 
situation will result in increased maintenance 
requirements and the potential for ponding and 
sanitary sewer backups because of the restricted 
storm sewer capacity. The storm sewers con
cerned were designed on the premise that the 
channel would ultimately be lowered, providing 
a free outfall. It is accordingly unlikely that a 
"no action" course can be followed indefinitely, 
and therefore this alternative is regarded as 
unacceptable by the City Engineer of the City 
of Milwaukee. 

Storm Sewer Outlet Relief Alternative 2-Chan
nel Deepening: The channel deepening alterna
tive for the portion of Upper Lincoln Creek into 
which storm sewers discharge would consist of 
lowering and reconstructing the channel along 
a reach of about 1.8 miles, as shown in Fig
ure 50. In addition to the channel modification, 
four bridges would have to be replaced, two 
bridge openings would have to be cleaned out, 
and a drop structure would be removed. These 
improvements would provide free outfalls for all 
the storm sewer outlets concerned. 

Storm Sewer Outlet Relief Alternative 3-Paral
leI Storm Sewer: Under the parallel storm sewer 
alternative, approximately 1.23 miles of storm 
sewer would be laid parallel to the Lincoln Creek 
channel, as shown in Figure 51, at sufficient 
depth so that the invert of the new "intercept
ing" sewer would be below the inverts of the 
storm sewer outlets. The intercepting sewer 
would be of sufficient capacity to accommodate 
runoff from rainfall events having a recurrence 
interval of about once a year. In addition, a 0.15-
mile portion of the Lincoln Creek channel, as 
shown in Figure 51, would be deepened to 
accommodate the elevation of another storm 
sewer outlet. 
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Alternative Flood Control 
Systems for Lower Lincoln Creek 
In the preparation of the original flood control 
plan for the Lincoln Creek subwatershed, four 
alternative flood control systems were consid
ered for alleviating flood damages along Lower 
Lincoln Creek: 1) Alternative System I-no 
action; 2) Alternative System 2-major channel
ization; 3) Alternative System 3-diking and 
pumping; and 4) Alternative System 4-structure 
floodproofing, elevation, and removal. 

Each alternative system is described briefly 
below. The economic benefits and costs atten
dant to each alternative are provided in 
Table 71. More detailed descriptions of these four 
alternatives are set forth in SEWRPC Commu
nity Assistance Planning Report No. 13. 

Alternative System I-No Action: As already 
noted, one alternative course of action is to do 
nothing-that is, to recognize the inevitability of 
extensive flooding but to decide not to mount a 
collective, coordinated program to abate the 
flood damages. It is highly unlikely, however, 
that a no action course should, or indeed could, 
be followed along Lower Lincoln Creek, since the 
flood damages are severe and public sentiment 
demands action. Therefore, this alternative, 
although technically feasible, is probably not 
practical. 

Alternative System 2-Major Channelization: 
The major channelization alternative for Lower 
Lincoln Creek would consist of 2.51 miles of 
major channel reconstruction and improvement, 
as shown on Map 122. This alternative would 
also involve the installation of 8,400 feet of 
earthen dike and 800 feet of concrete floodwall, 
and the construction of four permanent storm
water pumping stations and backwater gates. 
Also, as part of the channel improvements, it 
would be necessary to modify or replace 14 
bridges over Lower Lincoln Creek. Implementa
tion of this alternative would essentially elimi
nate all damages from floods up to and 
including the 100-year recurrence interval event. 

Alternative System 3-Diking and Pumping: 
Under this alternative, the following diking and 
supplemental improvements would be required 
to alleviate flooding damages: 1) 20,700 feet of 
earthen dike, 2) 12,200 feet of concrete floodwall, 
and 3) 16 permanent storm water pumping 
stations and backwater gates, all as shown on 
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PROFILE ILLUSTRATING CHANNEL DEEPENING ALTERNATIVE 
FOR A PORTION OF THE UPPER LINCOLN CREEK SUBWATERSHED 
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Figure 51 

PROFILE ILLUSTRATING PARALLEL STORM SEWER ALTERNATIVE 
FOR A PORTION OF THE UPPER LINCOLN CREEK SUBWATERSHED 
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Map 122 

ALTERNATIVE PLAN 2: MAJOR CHANNELIZATION IN THE LOWER LINCOLN CREEK SUBWATERSHED 
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Map 123. In addition, it would be necessary to 
replace eight bridges over Lower Lincoln Creek. 
Implementation of this alternative would essen
tially eliminate all damages from floods up to 
and including the lOO-year recurrence interval 
event. 

Alternative System 4-Structure Floodproofing, 
Elevation, and Removal: A structure flood proof
ing, elevation, and removal alternative flood 
control plan was analyzed to determine if such 

t 
a structure-by-structure approach would be a 
technically feasible and economically viable 
solution to the flood problem along Lower 
Lincoln Creek. The analysis indicated that 
825 structures would have to be elevated and 745 
structures would have to be floodproofed. No 
structures would have to be removed under this 
alternative. Implementation of this alternative 
would essentially eliminate all damages from 
floods up to and including the lOO-year recur
rence interval event. 
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Map 123 

ALTERNATIVE PLAN 3: LOCATION OF PROPOSED DIKES IN THE LOWER LINCOLN CREEK SUBWATERSHED 
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As in Upper Lincoln Creek, there were no 
available sites in Lower Lincoln Creek for 
centralized storage facilities at locations where 
significant reductions in flood flows could be 
achieved. In addition, decentralized onsite 
storage facilities were judged to be impractical 
for use in the tributary drainage area of Lower 
Lincoln Creek owing to the extent and type of 
the existing development. 
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Further Consideration of Flood Control 
Measures for Lower Lincoln Creek 
Downstream of N. Teutonia Avenue 

t 

Additional analyses were conducted of the dike 
and floodwall element of the flood control 
alternatives for Lincoln Creek downstream of N. 
Teutonia Avenue. These analyses were con
ducted in order to incorporate the information 
provided by the new large-scale topographic 



maps obtained under this study, as well as to 
provide additional detail relating to the appur
tenant stormwater pumping facilities required as 
requested by the Technical Advisory Committee. 
The new topographic maps provided more defini
tive information on the drainage patterns of the 
lands lying adjacent to Lincoln Creek, as well as 
on the ground elevations along the creek. This 
information is essential to determining the 
extent of potential flood damages along Lincoln 
Creek; the required height of any dikes or 
floodwalls; and the number, size, and location of 
appurtenant stormwater pumping stations. 

In addition to the dike and floodwall element, 
two additional channel modification elements 
for the stream reach downstream of N. Teutonia 
Avenue were analyzed. Thus, three refined 
sub alternatives for the lower reaches of Lincoln 
Creek downstream of Teutonia Avenue were 
analyzed. The results of these analyses could be 
readily integrated with the results of the alter
native analyses for the remainder of the Lincoln 
Creek drainage system, since none of the three 
subaltematives significantly affected the reaches 
of Lincoln Creek upstream of N. Teutonia Avenue. 

Refined Dike and Floodwall Flood Control Plan 
for Lincoln Creek Downstream of N. Teutonia 
Avenue: The analysis of the dike and floodwall 
element of the flood control alternatives for 
Lincoln Creek downstream of N. Teutonia 
Avenue resulted in the following refinements to 
that plan element: 1) the addition of about 1,300 
lineal feet of dike, and about 650 lineal feet of 
floodwall along the east side of Lincoln Creek 
downstream of N. Green Bay Avenue, and the 
addition of about 1,900 feet of floodwall along 
Crestwood Creek north of Lincoln Creek; 2) the 
proposed replacement of the N. Green Bay 
Avenue bridge; 3) refinements in the heights of 
the dikes and floodwalls between N. Teutonia 
Avenue and N. Green Bay Avenue; and 4) 
refinements in the number, size, and location of 
appurtenant storm water pumping stations. 
These refinements are discussed below. 

1. The more detailed topographic information 
made available by the new large-scale 
topographic maps indicated the potential 
for flood damages to homes along W. Lawn 
Avenue east of N. Green Bay Avenue 
during a 100-year recurrence interval flood 
under planned land use and channel con
ditions. In order to protect these homes, an 

additional 1,300 feet of dike and 650 lineal 
feet of floodwall are required along the east 
side of Lincoln Creek, as shown on 
Map 124. These dikes and floodwalls would 
be designed to contain the 100-year recur
rence interval flood under planned land use 
and channel conditions with three feet of 
freeboard. Because of the limited space 
available between the channel and pri
vately owned lands, a concrete floodwall 
with an average height of about six feet 
would be required along the creek for the 
first 650 feet downstream of N. Green Bay 
Avenue. An earthen dike with an average 
total height of about five feet would then 
extend about 1,300 feet southeasterly 
through public parklands. A potential for 
the flooding of homes exists along the east 
side of Crestwood Creek, a tributary to 
Lincoln Creek. Protecting these homes 
would require the construction of about 
1,900 lineal feet of concrete floodwall, as 
shown on Map 124, with an average 
height of five feet beginning at the conflu
ence with Lincoln Creek and extending 
to the north along the east bank of Crest
wood Creek. 

2. The approximately two feet of backwater 
caused by the bridge at N. Green Bay 
Avenue under peak design flows may be 
expected to result in the overtopping of this 
structure during a 100-year recurrence 
interval flood under planned land use and 
channel conditions. The new topographic 
information available for this area indi
cates that this may be expected to cause 
flooding of about 35 structures located 
along N. Green Bay Avenue. Replacement 
of this bridge and elevation of the atten
dant roadway would be required to reduce 
flood stages and eliminate potential struc
ture flooding in this area. 

3. Based on the information provided by the 
new large-scale topographic maps, the 
required heights of the dikes and flood
walls between N. Teutonia Avenue and N. 
Green Bay Avenue were revised as follows: 
1) the 800 feet of concrete floodwall along 
the north side of Lincoln Creek down
stream of N. Teutonia Avenue would have 
an average height of six feet; 2) the 1,800 
feet of earthen dike along the north side of 
Lincoln Creek between N. 27th Street 
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Map 124 

REFINED DIKE AND FLOODWALL FLOOD CONTROL ALTERNATIVE 
FOR LOWER LINCOLN CREEK DOWNSTREAM OF N. TEUTONIA AVENUE 
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extended and W. Villard Avenue would 
have an average height of six feet; 3) the 
2,000 feet of earthen dike along the north 
side of Lincoln Creek between W. Villard 
Avenue and N. Green Bay Avenue would 
have an average height of six feet; 4) the 
2,600 feet of earthen dike along the south 
side of Lincoln Creek between N. Teutonia 
Avenue and W. Villard Avenue would have 
an average height of six feet; and 5) the 
2,000 feet of earthen dike along the south 
side of Lincoln Creek between W. Villard 
Avenue and N. Green Bay Avenue would 
have an average height of five feet. 
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4. The construction of dikes and flood walls 
along the Lincoln Creek channel would 
block the overland flow of stormwater to 
the channel. It is particularly important 
that these overland flow routes be able to 
provide significant drainage relief during 
those major storm events when the capacity 
of the storm sewer system is exceeded. 
Excessive storm water runoff collecting 
behind the dikes could result in structural 
flooding. In addition, the higher flood 
stages expected along Lower Lincoln Creek 
and the installation of the backwater gates 
required for 15 of the storm sewer outfalls 



discharging to this stream reach may be 
expected to cause the tributary storm 
sewers to surcharge owing to the added 
head required for these sewers to function, 
and thus could result in the flooding of 
low-lying areas located away from the 
Lincoln Creek channel. The availability of 
the large-scale topographic maps made it 
possible to conduct a more detailed analy
sis of the stormwater drainage patterns 
along Lincoln Creek in order to identify 
potential flood problems, and to determine 
the number, size, and location of storm
water pumping stations needed to relieve 
the drainage problems that would be 
created by the construction of the dikes 
and floodwalls. 

The first step in this analysis was the 
identification of those low-lying areas 
along Lincoln Creek where the ponding of 
excess stormwater and storm sewer sur
charging may be expected to occur during 
major storm events. The drainage area 
tributary to each of these locations was 
then delineated on the topographic maps. 
Runoff hydrographs to each of these loca
tions were then developed using the kine
matic wave version of the HEC-1 computer 
model as described in Chapter III for 100-
year recurrence interval storms with dura
tions of 15 minutes, 30 minutes, one hour, 
and three hours. Generally, the one-hour 
storm was found to produce the peak rate 
of discharge for the subbasins analyzed. 
Consideration was then given to the capac
ity of the existing storm sewer system, as 
well as to the timing of the stormwater 
runoff relative to the streamflow hydro
graph for Lincoln Creek, in order to deter
mine the volume of water which may be 
expected to collect in the low-lying areas 
concerned. The attendant areas of localized 
ponding were then delineated on the large
scale topographic maps in order to deter
mine where flooding of structures could be 
expected to occur. The size and location of 
storm water pumping stations that would 
alleviate this structure flooding were then 
determined. The capacity of the pumping 
stations was set so that the stations could 
handle the flow rates required to limit the 
volume of excessive runoff to be removed to 
that necessary to avoid structure flooding. 

The pumping stations were not sized to 
alleviate flooding of streets, parking lots, or 
other open spaces. 

A schematic representation of the storm
water pumping station analysis is shown 
in Figure 52. The analysis determined the 
discharge capacity required at each storm 
sewer outlet to Lincoln Creek, assuming 
the pipe was flowing full, but was not 
surcharged at either its upstream or down
stream end. Pertinent data on storm sewer 
size, slope, and materials of construction 
were obtained from the City Engineer and 
used to calculate the sewer capacities. The 
full-flow capacity would be available to 
convey runoff to Lincoln Creek until the 
water surface of the creek rose to a level 
at which the storm sewer outlet would be 
submerged. Once the outlet was sub
merged, the storm sewer capacity would be 
reduced and surcharging would occur. 
However, street flooding would not begin 
until the hydraulic grade line of the sur
charged sewer exceeded the elevations of 
manhole rims or inlet grates. Surcharging 
at the first manhole upstream from the 
outlet would decrease the head and the 
flow in the upstream storm sewer line, or 
lines, discharging to that manhole. Thus, 
the total storm sewer discharge from 
upstream sewer lines would begin to 
decrease following outlet submergence. As 
the upstream storm sewer discharge capac
ity was reduced, runoff at rates exceeding 
the reduced capacity would bypass the 
upstream stormwater inlets and pond in 
low-lying areas. Such temporary ponding 
was considered permissible if it did not 
cause flooding of structures. If the inflow 
to the ponded area exceeded the discharge 
capacity of the storm sewer outlet, the 
excess flow would have to be pumped to 
prevent structural flooding. Pumping 
capacity is provided to prevent the pond
ing elevation in the protected area from 
reaching the level at which structural 
flooding would begin. The backwater gates 
would close when the creek level exceeded 
the maximum permissible ponding level. 

To adequately account for the development 
of as much available storm sewer outlet 
discharge capacity as possible prior to 
reaching the maximum permissible pond-
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Figure 52 

SCHEMATIC REPRESENTATION OF STORMWATER PUMPING ANALYSIS 
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ing levels in protected areas, the hydro
graphs from the protected areas behind the 
dikes or flood walls were compared to the 
Lincoln Creek hydrographs at the storm 
sewer outlets. An example of one such 
comparison for subbasin LC18-D is shown 
in Figure 53. The subbasin hydrograph 
peaks occurred on the rising limb of the 
Lincoln Creek hydrograph. A comparison 
of the relative timing of the flows in each 
subbasin with those in Lincoln Creek, 
along with utilization of available storage 
in streets and parkway areas along the 
landward side of the proposed dikes, 
enabled the size and cost of the required 
pumping stations to be minimized. 

Based on the results of the analyses, the refined 
dike and flood wall alternative for Lincoln Creek 
downstream of N. Teutonia Avenue, as shown 
on Map 124, includes the following elements: 1) 
lining of the channel bottom with concrete from 
Teutonia Avenue to N. 27th Street extended; 
2) the installation of stream bank stabilization 
measures between N. 27th Street extended and 
W. Villard Avenue; 3) the construction of about 
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3,350 feet of concrete floodwalls-about 800 feet 
along the north bank of the creek between 
Teutonia Avenue and N. 27th Street extended, 
about 650 feet along the north bank of the creek 
downstream ofN. Green Bay Avenue, and about 
1,900 feet along the east bank of Crestwood 
Creek north of Lincoln Creek; 4) the construction 
of about 9,700 feet of earthen dikes-about 3,800 
feet along the north side of the creek between N. 
27th Street extended and N. Green Bay Avenue, 
about 4,600 feet along the south side of the creek 
between N. Teutonia Avenue and N. Green Bay 
Avenue, and about 1,300 feet along the east side 
of the creek beginning at a point 650 feet 
downstream of N. Green Bay Avenue; 5) the 
construction of five stormwater pumping sta
tions with capacities ranging from 35 to 110 cfs; 
and 6) replacement of the bridges at N. Green 
Bay Avenue, W. Villard Avenue, and N. Teuto
niaAvenue. 

City of Milwaukee storm sewers are generally 
designed to accommodate the peak rate of runoff 
from a five-year recurrence interval storm event. 
During storms exceeding the design storm, the 
components of the stormwater drainage system, 
including the entire street cross-section, convey 
the runoff. The refined stormwater pumping 
analysis indicated that there may be certain 
areas in the Lincoln Creek subwatershed where 
the major storm water drainage system is inade
quate to prevent structure flooding during a one
hour, 100-year recurrence interval storm event 
even under existing conditiJns. 

A potential structure flooding problem during a 
100-year storm event was identified at St. 
Michael Hospital, where pording at a mid-block 
sag in the grade of N. 25th Street would not be 
released to Lincoln Creek until shallow flooding 
of the west end of the hospital, and at about 
eight nearby residences, occurred. There may be 
other areas with similar problems. It is accord
ingly recommended that a local drainage system 
analysis be conducted by the city staff following 
the adoption of the recommended storm water 
management plan to ascertain that structure 
flooding problems are not encountered during 
major storm events. 

The total capital cost of the refined dike and 
floodwall alternative for Lower Lincoln Creek 
was estimated at $8,991,000 in 1986 dollars. The 
annual operation and maintenance costs for this 

portion of the Lincoln Creek flood control plan 
were estimated at $40,000. A more detailed 
breakdown of these costs is presented in Table 72. 

Major Concrete-Lined Channel Modification 
Flood Control Alternative for Lincoln Creek 
Downstream of N. Teutonia Avenue: Additional 
analyses were conducted of a new concrete-lined 
channel alternative for Lincoln Creek down
stream of N. Teutonia Avenue. These analyses 
extended downstream of the mouth of Lincoln 
Creek through the west backwater channel of 
the Milwaukee River in order to provide an 
alternative to the refined dike and floodwall 
alternative. As shown on Map 125, the Milwau
kee River at its confluence with Lincoln Creek 
is divided into three channels-a main channel, 
and two minor channels on either side of the 
main channel. It is the west minor channel 
through which Lincoln Creek drains. The addi
tional analyses indicated that during major 
storm events, the flow of Lincoln Creek may be 
expected to divide as it enters this west channel, 
with a majority of the flow proceeding in a 
southeasterly direction toward the Milwaukee 
River main channel, but some of the flow 
proceeding to the northeast. In addition to 
Lincoln Creek itself, this refined analysis consid
ered the stream reaches of the Milwaukee River 
west backwater channel downstream of the 
mouth of Lincoln Creek to the confluence with 
the Milwaukee River main channel. The existing 
channel bottom elevation on the main channel 
is about 2.5 feet lower than the elevation of the 
west channel where Lincoln Creek enters it. 
Consideration of this entire channel system 
provided an opportunity to develop a refined, 
improved channel alternative considering all 
available channel gradient. 

Accordingly, a major channel modification 
alternative which would reduce flood stages by 
widening, deepening, and lining the Lincoln 
Creek channel was analyzed for the reach 
downstream of N. Teutonia Avenue. This alter
native is shown on Map 126. As already noted, 
the analysis conducted for this alternative was 
carried beyond the confluence of Lincoln Creek 
with the west channel of the Milwaukee River to 
the main channel in order to utiliZe all available 
channel gradient. By utilizing this additional 
drop in streambed, the Lincoln Creek channel 
could be lowered sufficiently to make a channel 
modification alternative technically feasible for 
eliminating potential damages from floods up to 
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Table 72 

COST ESTIMATES FOR REFINED FLOOD CONTROL ALTERNATIVES 
FOR LOWER LINCOLN CREEK DOWNSTREAM OF N. TEUTONIA AVENUE 

Costs 

Annual 

Amortized Operation and 
Alternative Capital Capitala Maintenance Total 

1. Dikes and Floodwalls 
Bridge Replacement · .......... $2,780,000 $176,000 $ -- $176,000 
Dikes and Floodwalls · ......... 1,873,000 119,000 10,000 129,000 
Concrete Lining · ............ 228,000 14,500 -- 14,500 
Streambank Stabilization ........ 2,851,000 18,100 -- 18,100 
Stormwater Drainage · ......... 621,000 39,400 -- 39,400 
Pumping Stations · ........... 3,204,000 250,000b 30,000 280,000 

Subtotal $8,991,000 $617,000 $40,000 $657,000 

2. Channelization-Concrete Lining 
Channel Enlargement · ......... $ 618,000 $ 39,200 $ 2,600 $ 41,800 
Revegetation ............... 33,000 2,100 -- 2,100 
Concrete Lining · ............ 4,825,000 306,000 -- 306,000 
Bridge Replacement · .......... 2,880,000 183,000 -- 183,000 
Dike and Floodwall ............ 179,000 11,300 900 12,200 
Stormwater Drainage · ......... 18,000 1,100 -- 1,100 
Pumping Stations · ........... 150,000 11,7oob 6,000 17,700 

Subtotal $8,703,000 $554,400 $ 9,500 $563,900 

3. Channelization-Turf Lining 
Channel Enlargement · ......... $ 860,000 $ 54,500 $ 2,600 $ 57,100 
Revegetation ............... 172,000 10,900 -- 10,900 
Bridge Replacement · .......... 3,060,000 194,000 -- 194,000 
Concrete Lining · ............ 38,000 2,400 -- 2,400 
Dikes and Floodwalls · ......... 372,000 23,600 1,800 25,400 
Stormwater Drainage · ......... 282,000 17,900 -- 17,900 
Pumping Stations · ........... 714,000 55,8oob 12,000 67,800 

Subtotal $5,498,000 $359,100 $16.400 $375,500 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

b Amortized capital cost includes the cost of the replacement of pumps after 25 years of operation. 

Source: SEWRPC. 

and including the 100-year recurrence interval 
event under planned land use and channel 
conditions. 

Under this alternative, the streambed would be 
lowered by up to six feet, with an average depth 
of excavation of about 2.5 feet between N. 
Teutonia Avenue and the mouth of Lincoln 
Creek. The existing channel would be recon
structed with a bottom width of 70 feet and side 
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slopes of one on three. The resulting channel 
would have an average top width of 160 feet and 
an average depth of 14 feet. Between the mouth 
of Lincoln Creek and W. Villard Avenue, the 10-
year recurrence interval flood level is at about 
the same elevation as the top of the bank; 
therefore, the channel would be fully concrete 
lined. Between W. Villard Avenue and N. Teu
tonia Avenue the channel would be concrete 
lined up to the 10-year recurrence interval flood 



Map 125 

MILWAUKEE RIVER AT 
CONFLUENCE WITH LINCOLN CREEK 

t 
Source: SEWRPC. 

stage, with the remainder being turf lined. 
Besides deepening the Lincoln Creek channel, 
about 1,700 feet of the west channel of the 
Milwaukee River would need to be dredged in 
order to maintain an even drop in streambed 
from the mouth of Lincoln Creek to the conflu
ence with the Milwaukee River main channel. 
The proposed streambed and high-water profiles 
for Lincoln Creek under this alternative are 
shown in Figure 54. 

It should be noted that under this alternative, 
the 100-year recurrence interval flood flows 
under planned land use and channel conditions 
would not be confined to the modified channel 

downstream of W. Villard Avenue. Flood stages 
between N. Green Bay Avenue and W. Villard 
Avenue, however, would be sufficiently reduced 
so as to eliminate potential flood damages along 
this reach. Downstream ofN. Green Bay Avenue 
there would remain a potential for flood damage 
to about 10 homes. Eliminating these flood 
damages would require the construction of about 
1,400 feet of dike and flood wall along the east 
side of Lincoln Creek. About 400 feet of concrete 
floodwall with an average height of five feet 
would be required beginning at a point about 250 
feet downstream of N. Green Bay Avenue. An 
additional 1,000 feet of earthen dike with an 
average height of four feet would be required, 
ending at a point about 1,300 feet downstream 
of N. Green Bay Avenue. One stormwater 
pumping station with a capacity of 10 cfs would 
be constructed on county parkland downstream 
of N. Green Bay Avenue. The locations of the 
dike, flood wall, and pumping station are shown 
on Map 126. 

Also required under this alternative would be the 
replacement of three street bridges and one 
pedestrian bridge in order to provide adequate 
hydraulic capacity to pass flood flows, as well as 
to accommodate the lower channel invert. The 
street bridges are located at N. Green Bay Ave
nue (River Mile 0.43), W. Villard Avenue (River 
Mile 0.81), and Teutonia Avenue (River Mile 
1.30). The pedestrian bridge is located south of 
St. Michael Hospital at River Mile 0.93. 

The total capital cost of this flood control 
alternative is estimated at $8,703,000, with an 
annual operation and maintenance cost of about 
$9,500. A detailed breakdown of these costs is 
provided in Table 72. 

Major Turf-Lined Channel Modification Flood 
Control Alternative for Lincoln Creek Down
stream of N. Teutonia Avenue: A second major 
channel modification flood control alternative 
was considered consisting of a turf-lined channel 
downstream of N. Teutonia Avenue. This alter
native is shown on Map 127. Under this alter
native, the streambed would be lowered by up to 
seven feet, with an average depth of excavation 
of three feet between N. Teutonia Avenue and 
the mouth of Lincoln Creek. The existing chan
nel would be reconstructed with a bottom width 
of 80 feet and side slopes of one on three. The 
resulting channel would have an average top 
width of 170 feet and an average depth of 15 feet. 
This channel would be completely turf lined 
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Map 126 

MAJOR CONCRETE-LINED CHANNEL MODIFICATION FLOOD CONTROL 
ALTERNATIVE FOR LOWER LINCOLN CREEK DOWNSTREAM OF N. TEUTONIA AVENUE 
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except for the first 150 feet downstream of N. 
Teutonia Avenue. This short reach would have 
a concrete invert similar to that which exists 
upstream of N. Teutonia Avenue in order to 
control erosion. Besides deepening the Lincoln 
Creek channel, about 1,700 feet of the west 
channel of the Milwaukee River would need to 
be dredged in order to maintain an even drop in 
streambed from the mouth of Lincoln Creek to 
the confluence with the Milwaukee River main 
channel. The proposed streambed and high
water profiles for Lincoln Creek under this 
alternative are shown in Figure 55. 

Hydraulic analyses of this alternative indicated 
that during a 100-year recurrence interval flood 
under planned land use and channel conditions, 
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the streamflow velocities in the channel down
stream of N. Green Bay Avenue may be expected 
to exceed somewhat the maximum velocity 
recommended in Chapter III of this report. The 
performance of the turf-lined channel within this 
reach would have to be monitored, and appropri
ate erosion control measures such as a rip-rap 
lining added as necessary at critical locations. 
Streamflow velocities during flood events up to 
and including the lO-year recurrence interval 
storm event may be expected to be below the 
recommended maximum. 

Also required under this alternative would be the 
replacement of three bridges in order to provide 
adequate hydraulic capacity to pass flood flows, 
as well as to accommodate the lower channel 



Map 127 

MAJOR TURF-LINED CHANNEL MODIFICATION FLOOD CONTROL 
ALTERNATIVE FOR LOWER LINCOLN CREEK DOWNSTREAM OF N. TEUTONIA AVENUE 
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invert. These bridges are located at N. Green 
Bay Avenue (River Mile 0.43), W. Villard Avenue 
(River Mile 0.81), and N. Teutonia Avenue (River 
Mile 1.30). The pedestrian bridge at River Mile 
0.93 would be removed and would not be replaced. 

Under this alternative, the 100-year recurrence 
interval flood flows under planned land use and 
channel conditions would not be confined to the 
modified channel downstream of N. 27th Street 
extended. Potential flood damages downstream 
of this location would be significantly reduced, 
however. Structure flooding may be expected to 
continue to occur along two reaches-at about 
eight structures along Crestwood Creek immedi
ately north of Lincoln Creek and at about 25 
structures along W. Lawn Avenue east of N. 

-~ 
\ \ J __ _ 

I 

( 
) 

) / ""-' 
/e ...... 
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Green Bay Avenue. Eliminating the flood dam
ages along W. Lawn Avenue would require the 
construction of about 1,400 feet of dike and 
flood wall along the east side of Lincoln Creek. 
About 400 feet of concrete floodwall with an 
average height of five feet would be required 
beginning at a point about 250 feet downstream 
of N. Green Bay Avenue. An additional 1,000 
feet of earthen dike with an average height of 
five feet would be required, ending at a point 
about 1,300 feet downstream of N. Green Bay 
Avenue. In order to eliminate flood damages 
along Crestwood Creek, the construction of 
about 1,300 feet of dike and flood wall would be 
required. About 750 feet of earthen dike with an 
average height of five feet would be required 
along the north side of Lincoln Creek beginning 
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Figure 54 

STREAMBED AND FLOOD PROFILES FOR LOWER 
LINCOLN CREEK DOWNSTREAM OF N. TEUTONIA AVENUE 

UNDER CONCRETE-LINED CHANNELIZATION ALTERNATIVE 
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Figure 55 

STREAMBED AND FLOOD PROFILES FOR LOWER 
LINCOLN CREEK DOWNSTREAM OF N. TEUTONIA AVENUE 

UNDER TURF·LlNED CHANNELIZATION ALTERNATIVE 
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immediately upstream of N. Green Bay Avenue. 
An additional 550 feet of concrete floodwall 
would be required along the east bank of Crest
wood Creek beginning at its confluence with 
Lincoln Creek. One stormwater pumping station 
with a capacity of 45 cfs would be constructed 
to the northeast of the confluence of Crestwood 
Creek and Lincoln Creek. A second stormwater 
pumping station with a capacity of 10 cfs would 
be constructed on county parkland downstream 
from N. Green Bay Avenue. The locations of 
these dikes, floodwalls, and pumping stations 
are shown on Map 127. 

The total capital cost of this flood control 
alternative is estimated at $5,498,000, with an 
annual operation and maintenance cost of about 
$16,400. A detailed breakdown of these costs is 
shown in Table 72. 

Evaluation of Refined Alternative Flood 
Control Measures for Lower Lincoln Creek 
By incorporating the refined sub alternatives for 
the portion of Lincoln Creek downstream of N. 
Teutonia A venue into the alternatives described 
earlier in this chapter, three refined alternative 
flood control plans were developed for Lower 
Lincoln Creek. Each of these plans incorporates 
the same improvements between W. Silver 
Spring Road and N. Teutonia Avenue. Those 
improvements provide for major channel 
improvements and bridge replacement as des
cribed under Alternative 2-major channeliza
tion, and shown on Map 122. The alternative 
components downstream of N. Teutonia Avenue 
are those described under the three refined 
sub alternatives in the previous section. Each of 
the three refined alternative flood control plans 
for Lower Lincoln Creek is described briefly 
below. The economic benefits and costs attendant 
to each alternative are provided in Table 73. 

Refined Alternative Plan A-Major Concrete
Lined Channelization Upstream of N. Teutonia 
Avenue with Dikes and Floodwalls Downstream 
of N. Teutonia Avenue: The major channeliza
tion alternative with diking and pumping for 
Lower Lincoln Creek would consist of about 2.5 
miles of major concrete-lined channel reconstruc
tion and improvement, as shown on Maps 122 
and 124. This alternative would also involve the 
installation of about 10,200 feet of earthen dike 
and about 3,350 feet of concrete floodwall, the 
construction of six stormwater pumping stations 
and installation of 17 backwater gates, and some 
storm sewer modifications in the areas behind 
the dikes and floodwalls. Also, as part of the 

channel improvements, it would be necessary to' 
modify, or replace, 14 bridges over Lower Lin
coln Creek. 

Implementation of this alternative would essen
tially eliminate all damages from floods up to 
and including the 100-year recurrence interval 
event. This alternative has an estimated capital 
cost of $23,415,000 and an annual average 
operation and maintenance cost of $56,700. 

Refined Alternative Plan B-Major Concrete
Lined Channelization Upstream and Down
stream of N. Teutonia Avenue: The major 
channelization alternative for Lower Lincoln 
Creek would consist of about 3.8 miles of major 
concrete-lined channel reconstruction and 
improvement, as shown on Maps 122 and 126. 
This alternative would involve the installation 
of about 1,500 feet of earthen dike and about 400 
feet of concrete floodwall, the construction of two 
storm water pumping stations and installation of 
three backwater gates, and some storm sewer 
modifications in the areas behind the dikes and 
floodwalls. Also, as part of the channel improve
ments, it would be necessary to modify or replace 
14 bridges over Lower Lincoln Creek. 

Implementation of this alternative would essen
tially eliminate all damages from floods up to 
and including the 100-year recurrence interval 
event. This alternative has an estimated capital 
cost of $23,121,000 and an average annual 
operation and maintenance cost of $26,200. 

Refined Alternative Plan C-Major Concrete
Lined Channelization Upstream of N. Teutonia 
Avenue with Turf-Lined Channelization Down
stream of N. Teutonia Avenue: The major 
channelization alternative for Lower Lincoln 
Creek would consist of about 2.5 miles of 
concrete-lined, and about 1.3 miles of turf-lined, 
major channel reconstruction and improvement, 
as shown on Maps 122 and 127. This alternative 
would involve the installation of about 2,250 feet 
of earthen dike and about 950 feet of concrete 
flood wall, the construction of three stormwa" 
ter pumping stations and installation of four 
backwater gates, and some storm sewer modifi
cations in the areas behind the dikes and 
floodwalls. Also, as part of the channel improve
ments, it would be necessary to modify or replace 
14 bridges over Lower Lincoln Creek. 

Implementation of this alternative would essen
tially eliminate all damages from floods up to 
and including the 100-year recurrence interval 
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Table 73 

ECONOMIC ANALYSIS OF REFINED ALTERNATIVE FLOOD CONTROL PLANS FOR LOWER LINCOLN CREEKa 

Costs Benefit-Cost Analysis 

Annual Annual Economic 
Benefits Benefit- Ratio 

Amortized Operation and Annual Minus Cost Greater 
Alternative Capital Capitalb Maintenance Total Benefits Annual Costs Ratio than One 

1. Channelization with 
Concrete Lining Up-
stream of N.Teutonia 
Avenue-Dikes and 
FloodwaUs Downstream 
of N. Teutonia Avenue $23.41 5.000 $1.535.000 $56.700 $1.591.700 $802.000 $-789.700 0.50 No 

2. Channelization with 
Concrete Lining Up-
stream and Downstream 
of N. Teutonia Avenue 23.121.000 1.475.000 26.200 1.501.200 802.000 -699.200 0.53 No 

3. Channelization with 
Concrete Lining Up-
stream of N.Teutonia 
Avenue-Channeliza-
tion with Turf-Lining 
Downstream of N. 
Teutonia Avenue 19.968.000 1.280.000 27.100 1.307.100 802.000 -505.100 0.61 No 

a Lower Lincoln Creek is the reach of stream between W. Silver Spring Drive and the confluence of Lincoln Creek with the Milwaukee River. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. and includes the cost of the replacement of pumps 
after 25 years of operation. 

Source: SEWRPC. 

event. This alternative has an estimated capital 
cost of $19,968,000 and an average annual 
operation and maintenance cost of $27,100. 

Conclusion: Each of the three refined alterna
tives is technically feasible. However, selection 
of the recommended flood control measures for 
Lower Lincoln Creek depends not only upon cost 
considerations, but also consideration of envi
ronmental and aesthetic impacts, and implemen
tability. Also, the noneconomic, or intangible, 
benefits of each alternative plan must be 
considered. 

The results of an economic analysis of the three 
refined alternative flood control plans for Lower 
Lincoln Creek are set forth in Table 73. As 
shown in Table 73, the average annual cost of 
Refined Alternative C, providing for major 
concrete- and turf-lined channels, is about 
18 percent and 13 percent lower, respectively, 
than the equivalent cost of Refined Alternative 
A providing for major concrete-lined channeliza-
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tion with diking and floodwalls, and Refined 
Alternative B providing for concrete-lined chan
nelization. As already noted, however, other 
factors must be considered in selecting a recom
mended plan. 

In terms of impacts on the natural environment, 
it appears that Alternative A, refined channel
ization with diking and pumping, would be 
preferable, since there would be no significant 
disturbance to the existing Lincoln Creek chan
nel downstream of N. Teutonia Avenue, includ
ing the O.4-mile length through Lincoln Park to 
the confluence with the west channel of the 
Milwaukee River. 

The second most favorable alternative in this 
regard would be Refined Alternative C, provid
ing for a combination of concrete- and turf-lined 
channels. Under this alternative, the channel 
downstream of N. Teutonia Avenue would be 
lowered and widened. The channel bottom and 
sides would be turf-lined, or lined with other 



types of vegetation. The channel between N. 
Teutonia Avenue and the Milwaukee River 
would have a depth of seven to eight feet during 
summer low-flow conditions under either Refined 
Alternative B or C, as opposed to a depth of one 
to six feet under existing conditions and under 
Refined Alternative A. This added depth under 
Refined Alternatives Band C would be caused 
by the backwater from the Milwaukee River 
extending up the deepened channel. This added 
depth could be beneficial for certain types of fish 
and supporting aquatic life, but could present a 
safety hazard. It is possible that selected 
instream measures could be developed in the 
deeper vegetated channel for aquatic life and 
adjacent habitat, thus minimizing the negative 
impacts. 

In terms of environmental impacts on developed 
areas, Alternative A, providing for dikes and 
floodwalls, results in increased stages ranging 
from 2.0 to 3.5 feet downstream of N. Teutonia 
A venue compared to planned land use and 
existing channel conditions. The alternative that 
provides for an entirely concrete-lined channel 
downstream of N. Teutonia Avenue-Refined 
Alternative B-results in stage changes which 
range from a reduction of 2.0 feet at N. Teutonia 
A venue to an increase of 2.0 feet at the conflu
ence of Lincoln Creek with the Milwaukee River. 
Refined Alternative C, providing for a turf-lined 
channel downstream of N. Teutonia Avenue, 
results in no stage change at N. Teutonia 
Avenue and about a 2.0-foot increase in stages 
at the confluence with the Milwaukee River 
compared to existing conditions. The areas 
adjacent to the stream reaches experiencing the 
increased stages would be protected by dikes. 

Both the dike and floodwall alternative and the 
channelization alternative would have negative 
aesthetic impacts. Construction of dikes and 
floodwalls under Refined Alternative A may be 
expected to obstruct the view in significant 
areas. The construction of floodwalls would 
eliminate natural stream bank vegetation and 
wildlife habitat. Under Refined Alternative B, 
which provides for a concrete-lined channel, 
there would be a negative aesthetic impact and 
loss of wildlife habitat adjacent to the stream. 
The turf-lined channel called for under Refined 
Alternative C would be perceived as a negative 
aesthetic impact by those who prefer the visual 
effect of natural stream channels. However, 
others may prefer the more urban character of 
a turf-lined channel. 

In terms of implementability, Refined Alterna
tive A, providing for long reaches of dikes and 
floodwalls and relying on the pumping of 
storm water during major events, is the least 
favorable of the refined alternatives. Under this 
alternative, flood stages would increase signifi
cantly downstream of N. Teutonia Avenue. 
While the adjacent areas would be protected 
from flooding by dikes, floodwalls, and pumping 
stations, the use of such measures could result 
in local flooding should the pumping systems or 
appurtenant backwater gates fail. Refined Alter
native Plan C appears to be the most implemen
table and is preferable to Refined Alternative B 
in this respect as it would entail minimal 
negative environmental impacts. 

After due consideration of the various technical 
and economic features of the alternative flood
land management measures, it is recommended 
that Refined Alternative C providing for a 
concrete-lined channel upstream of N. Teutonia 
Avenue and a turf-lined channel downstream of 
N. Teutonia Avenue be adopted to abate flooding 
problems along Lower Lincoln Creek. 

Recommended Flood Control 
System for Lincoln Creek 
Based upon consideration of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
was recommended that Alternative Plan 2-
limited channelization-in combination with 
Storm Sewer Relief Alternative 2-channel 
deepening-be adopted and implemented for 
Upper Lincoln Creek; and that Refined Alterna
tive Plan C-concrete-lined channelization 
upstream of N. Teutonia Avenue and turf-lined 
channelization downstream of N. Teutonia 
Avenue-be adopted and implemented for Lower 
Lincoln Creek. Minor refinements have been 
made to the recommended alternatives as 
described below. These refinements include 
changes made as part of the preliminary engi
neering work carried out subsequent to the 
system planning. 

The total capital cost of the recommended 
combined flood control plan for Upper and 
Lower Lincoln Creek is estimated at $21,865,000 
in 1986 dollars. This includes the cost of channel 
deepening-estimated at $813,000-required for 
storm sewer relief in Upper Lincoln Creek, as 
shown in Table 74. The recommended plan is 
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Table 74 

ECONOMIC ANALYSIS OF THE RECOMMENDED FLOOD CONTROL PLAN FOR LINCOLN CREEK 

Costs Benefit-Cost Analysis 

Annual Annual Economic 
Benefits Benefit- Ratio 

Amortized Operation and Annual Minus Cost Greater 
Alternative Capital Capitala Maintenance Total Benefits Annual Costs Ratio than One 

Ueeer Lincoln Creekb 

Channel Modification ..•• $ 33,000 $ 2,100 $ 1,000 $ 3,100 
Channel Cleaning 
and Debrushirig ...... 10,000 600 -- 600 

Dikes ............. 3,000 200 100 300 
Bridge Removal and 
Replacement ........ 666,000 42,200 -- 42,200 

Subtotal $ 712,000 $ 45,100 $ 1,100 $ 46,200 $ 42,000 $ -4,200 0.91 No 

Lower Lincoln Creek 

Channel Modification 
and Bridge Removalc ... $10,083,000 $ 640.000 $ 7,600 $ 647,600 

Bridge Replacement .... 7,665,000 487,000 -- 487,000 
Dikes and Floodwalls .... 1,130,000 71,800 7,500 79,300 
Stormwater Drainage .... 538.000 34,100 -- 34,100 
Pumping Stationsd ..... 714,000 55,800 12,000 67,800 
Street Regrading ...... 210,000 -13.300 -- -13,300 

Subtotal $20,340,000 $1,302,000 $27,100 $1,329,100 $802,000 $-527,100 0.60 No 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

b'n addition to the flood control costs for Upper Lincoln Creek set forth in this table. $813.000 would be required for drainage improvements to provide 
storm sewer relief. 

cChannel modification capital cost includes the cost of $851.000 for demolition of all bridges to be replaced. 

d Amortized capital cost includes the cost of the replacement of pumps after 25 years of operation. 

Source: SEWRPC. 

shown graphically on Map 128. The peak flood 
profile which would be attendant to planned 
future land use and channel conditions in the 
subwatershed is shown in Figure 56. Both of the 
alternative plans which together constitute the 
recommended plan have the highest benefit-cost 
ratios of the alternative plans considered-0.91 
and 0.60, respectively. 

The recommended plan would essentially 
eliminate all flood-related damages along the 
Lincoln Creek channel under the 100-year recur
rence interval flood for both existing and 
planned future land use conditions. It would also 
provide an adequate drainage outlet for the 
storm sewers and watercourses tributary to 
Lincoln Creek. 
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The limits of the floodplain under planned land 
use and existing and planned channel condi
tions along Lincoln Creek were mapped using 
the new, large-scale topographic maps. A sample 
of the maps produced is shown as Map 129. 

The recommended plans make the maximum use 
of stormwater storage in existing ponding areas 
and in the channel itself. The channel would be 
designed to carry the 100-year recurrence inter
val flood event with two feet of freeboard except 
that reach located downstream of N. Teutonia 
Avenue where the channel capacity is exceeded 
and the adjacent parkway but no structures are 
flooded. All flooding of existing structures 
located in the Lincoln Creek subwatershed due 
to floods up to and including the 100-year 



recurrence interval flood on Lincoln Creek would 
be eliminated. The recommended plan is more 
fully described below. 

The recommended flood control plan for Upper 
Lincoln Creek is best understood by dividing the 
creek into seven distinct reaches. The recom
mended plan for these seven reaches is summar
ized on Map 128, with typical cross-sections 
shown for the recommended channel for each 
reach. The plan recommendations for each of 
these seven reaches are as follows: 

1. From the Beginning of Upper Lincoln 
Creek at N. 76th Street Just North of W. 
Good Hope Road to the Chicago & North 
Western Railway Crossing Just Down
stream of N. 60th Street. No changes are 
recommended along this 1.1-mile reach of 
Upper Lincoln Creek. For the most part, 
this reach of the creek traverses the Bryn
wood Country Club. 

2. From the Chicago & North Western Rail
way Crossing Just Downstream of N. 60th 
Street to W. Good Hope Road. Along this 
0.6-mile reach of Upper Lincoln Creek, the 
existing channel is proposed to be widened 
and deepened to accommodate flood flows 
and provide free outlets for two existing 
storm sewer outfalls which presently have 
invert elevations lower than the existing 
channel bottom. The channel deepening 
would range from 4.0 to 7.0 feet. The new 
channel would be turf lined, with a rip-rap 
invert. In order to fit the needed convey
ance waterway cross-section within the 
restrictive right-of-way, reinforced concrete 
retaining walls ranging from 4.0 to 9.0 feet 
in height would have to be constructed 
along the channel for the first 1,350 feet 
upstream of the existing concrete drop 
spillway on the upstream side of the W. 
Good Hope Road culvert. The existing 
concrete drop spillway at the upstream 
side of the W. Good Hope Road culvert 
would be removed, but the culvert itself 
would not have to be replaced. The culvert 
would have to be cleaned, however, to 
make the full depth available for flow. 

3. From W. Good Hope Road to W. Mill Road. 
Along this 1.0-mile reach of Upper Lincoln 
Creek, the channel would be deepened, 
widened, and turf lined with a rip-rap 
invert to provide free outlets for four 

existing storm sewer outfalls which now 
have inverts below the existing streambed 
elevation. The deepening would range from 
2.0 feet to 7.0 feet. It would be necessary 
to replace the W. Green Tree Road culvert 
to accommodate the new channel. 

4. From W. Mill Road to W. Woolworth 
Avenue. Along this O.l-mile reach of Upper 
Lincoln Creek, the channel would be 
lowered about 2.5 feet and would be turf 
lined, with a rip-rap invert. This lowering 
is necessary because of the lowered chan
nel proposed upstream, and to help provide 
a free outlet for the existing storm sewer 
outfall which discharges within the W. 
Mill Road structure. The channel lowering 
would require the replacement of the W. 
Woolworth Avenue and N. 51st Street 
culverts. The W. Mill Road culvert was 
built to accommodate a lower channel; 
therefore, this culvert need not be replaced. 
However, it would be necessary to clean 
out the channel through the culvert down 
to the design depth of the culvert. 

5. From W. Woolworth Avenue to the Exist
ing Pedestrian Bridge Near the Northern 
Limits of the Havenwoods Environmental 
Education Center. In this O.l-mile reach of 
Upper Lincoln Creek, it is recommended 
that the channel be widened and deepened 
in order to both accommodate flood flows 
and provide a free outlet for a partially 
buried existing storm sewer outfall at W. 
Woolworth Avenue. The deepening of the 
channel bottom would range from about 
0.5 foot at the pedestrian bridge to about 
2.5 feet at W. Woolworth Avenue. The new 
channel would be turf lined, with a rip-rap 
invert. It is also recommended that two 
houses located along N. 51st Street 
between W. Woolworth Avenue and W. Mill 
Road be removed to provide an adequate 
right-of-way for the proposed channel. 
These houses would experience flood dam
age under a 100-year recurrence interval 
event unless costly channel enclosure 
measures were taken. In addition, the plan 
recommends that the existing concrete 
arch culvert under the Chicago & North 
Western Railway be removed and replaced 
with a double concrete box CUlvert, with 
each cell being 12 feet high by 10 feet wide. 
The existing culvert is inadequate and 
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Map 129 

SAMPLE FLOODPLAIN DELINEATION ON LARGE-SCALE TOPOGRAPHIC MAPS 
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Map 129 (continued) 
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creates backwater under flood-flow condi
tions which extends back across W. Wool
worth Avenue to W. Mill Road. 

6. From the Existing Pedestrian Bridge Near 
the Northern Limits of the Havenwoods 
Center to the Existing Steel Drop Spillway 
Immediately West of the U. S. Army 
Reserve Training Center. This 0.9-mile 
reach of Upper Lincoln Creek extends 
through the U. S. Army property and the 
Havenwoods Center. It is recommended 
that the channel in this reach be cleaned 
and debrushed so as to facilitate and 
improve flood flows. No channel enlarge
ment or deepening is recommended in this 
reach. In the event that the Department 
undertakes any channel modifications for 
objectives other than flood control-such 
as for the enhancement of wildlife habitat 
-it is important that the modifications be 
designed so as not to increase 100-year 
recurrence interval flood stages upstream 
or downstream of Havenwoods. It is impor
tant to note that any wetland basin 
provided in this reach would have insig
nificant flood control benefits downstream 
of W. Silver Spring Drive, and the cost of 
development would have to be justified on 
other than a flood control basis. 

7. From the Existing Steel Drop Spillway 
Immediately West of the U. S. Army 
Reserve Training Center to W. Silver 
Spring Drive. No channel or structure 
changes are recommended in this O.l-mile 
reach of Upper Lincoln Creek. The existing 
channel has a paved bottom and side 
slopes and is adequate to accommodate the 
100-year recurrence interval flood flow. 

The recommended flood control plan for Lower 
Lincoln Creek is best understood by dividing the 
creek into six distinct reaches. The recommended 
plan for these six reaches is summarized on 
Map 128, with the typical cross-sections shown 
for the recommended channel for each reach. 
The plan recommendations for each of these six 
reaches are as follows: 

1. From W. Silver Spring Drive to the W. 
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Hampton Avenue Crossing Just West of N. 
60th Street. No changes are required along 
this 1.2-mile reach of Lower Lincoln Creek. 
Within this reach the channel has already 
been deepened, widened, and lined with 

concrete. The channel has adequate con
veyance capacity to accommodate the 100-
year recurrence interval flood flow. 

2. From the W. Hampton Avenue Crossing 
Just West of N. 60th Street to N. 32nd 
Street. Major channel improvements are 
recommended along this 2.5-mile reach of 
Lower Lincoln Creek. Throughout this 
reach the channel bottom would be lowered 
from 1.0 to 6.5 feet, with an average depth 
of excavation of about two feet. Except for 
that portion of this reach between N. 32nd 
Street and the Soo Line Railroad, the 
existing channel would be reconstructed 
with a bottom width of about 30 feet and 
a top width varying from 100 to 200 feet, 
depending upon the depth of excavation 
and the topography adjacent to the exist
ing channel. A concrete lining would be 
installed in the lower portion of the chan
nel, with revegetation of the upper channel 
side slopes. 

Between N. 32nd Street and a point about 
100 feet west of the Soo Line Railroad, the 
channel would be enclosed in a triple-cell 
reinforced concrete box culvert. The cells of 
this culvert would be sized so as to match 
the culverts under N. 32nd Street, which 
were constructed by the City of Milwaukee 
in 1984. The proposed culverts would 
follow a new alignment which would cross 
the Soo Line tracks at a point about 200 
feet south of the existing channel. 

The existing bridges at N. 60th Street, N. 
51st Street, N. Sherman Boulevard, N. 37th 
Street, N. 35th Street, and W. Glendale 
Avenue would have to be replaced. One 
pedestrian bridge located at River Mile 
2.82 would have to be modified so as to 
accommodate the proposed lowered chan
nel grade. As noted above, the bridge at N. 
32nd Street which was recommended to be 
replaced in the previously mentioned 1982 
flood control report was replaced by the 
City of Milwaukee in 1984. Since the 
bridges at N. Sherman Boulevard and N. 
37th Street are particularly significant 
hydrologically and hydraulically-that is, 
they act as dams during major flood events 
and reduce downstream flood flows-the 
plan recommends that these two bridges 
not be replaced until the recommended 
channel improvements are carried out. 



It should be noted that there are two areas 
in this reach, as shown in the 1982 flood 
control report and on Map 128, where 
bedrock is exposed. The exposed rock is 
Upper Silurian Waubakee Dolomite. This 
bedrock exposure is considered to be scien
tifically important, as it represents the 
only accessible exposure of this formation 
in eastern Wisconsin. The design of any 
channel improvement should seek to pre
serve these geologic outcrops or to provide 
comparable exposures after the improve
ments are completed. 

3. From N. 32nd Street to the Soo Line 
Railroad Crossing Just Downstream of W. 
Hampton Avenue. The channel along this 
0.2-mile reach has already been improved 
through widening, deepening, and partial 
lining with concrete. In order to contain 
future flood flows, however, the plan 
recommends that a reinforced concrete 
floodwall be constructed along the west 
bank between the Soo Line Railroad and 
W. Hampton Avenue, and that about 100 
feet of earthen dike be constructed along 
the west bank upstream of W. Hampton 
Avenue. The proposed floodwall would 
range in height from 2.0 to 5.0 feet, while 
the dike would range from 3.5 to 4.5 feet 
in height. Local storm water drainage from 
land behind this dike and floodwall would 
be handled by construction of a 36-inch
diameter storm sewer designed to drain 
north toward the Soo Line Railroad. 

4. From the Soo Line Railroad Crossing Just 
Downstream ofW. Hampton Avenue to W. 
Cameron Avenue. This O.l-mile reach of 
Lower Lincoln Creek has already been 
improved through widening, deepening, 
and partial lining with concrete. In order 
to contain future flood flows, however, the 
plan recommends that 330 feet of earthen 
dike and 290 feet of steel sheet pile wall be 
constructed along the west bank. The dike 
and wall would range from 3.0 to 4.0 feet 
in height. The existing 18-inch storm sewer 
outlet for areas behind this dike would be 
provided with a backwater gate. Local 
drainage from areas behind the dike, as 
well as from the proposed 36-inch-diameter 
storm sewer upstream of the railroad 
crossing, would have to be routed down
stream of Cameron Avenue into a new, 
double, 45-inch-wide by 29-inch-high, 2,030-

foot-long storm sewer which would dis
charge to Lincoln Creek downstream of the 
N. Teutonia Avenue bridge. The use of this 
new storm sewer represents a modification 
to Refined Alternative C, which provided 
for a stormwater pumping station at this 
location. Subsequent cost-effectiveness 
analyses indicated that the new storm 
sewer would be a better subalternative. 
The existing 12-inch storm sewer in N. 31st 
Street, which connects with a 48-inch 
storm sewer outlet in W. Cameron Avenue, 
would be blocked, and a new 140-foot
long, 12-inch-diameter storm sewer with a 
backwater gate would be run directly to 
Lincoln Creek. 

5. From W. Cameron Avenue to N. Teutonia 
Avenue. The plan recommends no changes 
to the Lincoln Creek channel along this 
0.2-mile reach. The channel has already 
been improved through deepening, widen
ing, and partial concrete lining, and is 
adequate to convey the 100-year recurrence 
interval flood flow. 

6. From N. Teutonia Avenue to the Mouth of 
Lincoln Creek. Major channel modifica
tions are recommended along this 1.3-mile 
reach of Lower Lincoln Creek. Throughout 
this reach the channel bottom would be 
lowered from 0.5 foot to 7.0 feet, with an 
average depth of excavation of about 3.0 
feet. The existing channel would be recon
structed with a bottom width of about 
80 feet and an average top width of about 
170 feet. The modified channel would be 
turf lined along its entire length except a 
reach 100 feet downstream of N. Teutonia 
Avenue. This reach would have a concrete 
lining similar to that which exists 
upstream of N. Teutonia Avenue in order 
to control erosion due to the large drop in 
streambed elevation. The west channel of 
the Milwaukee River between the mouth of 
Lincoln Creek and the main channel of the 
Milwaukee River would be dredged in order 
to maintain a continuous slope from 
Lincoln Creek to the Milwaukee River 
main channel. 

In addition, the plan recommends that 
about 3,000 feet of dikes and floodwalls be 
constructed. More specifically, it is recom
mended that 1,030 feet of steel sheet pile 

417 



418 

floodwall with an average height of five 
feet be constructed along the east side of 
Lincoln Creek downstream of N. Green 
Bay Avenue. Another 720 feet of earthen 
dike with an average height of five feet is 
recommended downstream of this flood
wall. Furthermore, 700 feet of concrete 
floodwall with an average height of five 
feet is recommended along the north side 
of Lincoln Creek extending upstream of N. 
Green Bay Avenue. Finally, 550 feet of 
concrete floodwall with an average height 
of five feet is recommended along the east 
side of Crestwood Creek extending 
upstream from its confluence with Lincoln 
Creek. In order to properly handle local 
drainage in the areas behind these dikes 
and floodwalls, the storm sewer system 
would need to be reconstructed and 
expanded. Four storm sewer outlets would 
require backwater gates, and one storm
water pumping station, along with asso
ciated storm sewer modifications, would 
need to be constructed to convey storm
water over the dikes during periods of high 
streamflow in Lincoln Creek. 

In order to provide adequate flood-flow 
capacity, as well as to accommodate the 
lower streambed elevation, it is recom
mended that the street bridges at N. Green 
Bay Avenue, N. Villard Avenue, and N. 
Teutonia Avenue be replaced. It is also 
recommended that the pedestrian bridge 
located at River Mile 0.93 be replaced. 

There are three streets where backwater 
from Lincoln Creek could cause surcharg
ing of storm sewers and shallow flooding 
at St. Michael Hospital and about eight 
residences. It is recommended that street 
grades be raised at these locations to 
prevent flooding. Raising street grades 
would be less costly than providing back
water gates on the storm sewer outlets, 
along with a gravity outlet or pumping 
capacity to convey storm water to Lincoln 
Creek. The locations for street regrading 
are shown on Map 128. 

As previously noted, investigations of the 
stormwater drainage systems for selected 
locations along Lincoln Creek downstream 
of N. Teutonia A venue revealed potential 
structure flooding problems as a result of 
the major stormwater drainage system-

storm sewers as well as street cross-sec
tions-being unable to handle the runoff 
from a 100-year recurrence interval storm. 
One such location was at St. Michael 
Hospital, where ponding at a mid-block 
sag in N. 25th Street may result in shallow 
flooding of the west end of the hospital, as 
well as of several nearby residences. It is 
therefore recommended that the City of 
Milwaukee engineering department con
duct a local drainage system analysis in 
order to ensure that severe flooding prob
lems during major storm events are not 
encountered. It is also recommended that 
when the bridge at N. 60th Street and W. 
Custer A venue is replaced for transporta
tion purposes, it be designed so as to 
accommodate the 50-year recurrence inter
val flood flow without overtopping the 
attendant roadway. 

Impacts of Recommended 
Channel Conditions on Flood Flows 
Flood discharges for Lincoln Creek under both 
existing and year 2000 planned land use condi
tions and under existing channel conditions 
were presented earlier in this section. The 
improvements recommended to alleviate flood
ing problems in the Lincoln Creek subwatershed 
will significantly affect flood flows in the 
subwatershed. The discharges under year 2000 
planned land use conditions and recommended 
channel conditions are set forth in Table 75. 

The analyses conducted under the comprehen
sive watershed planning program for the Mil
waukee River, as documented in SEWRPC 
Planning Report No. 13, A Comprehensive Plan 
for the Milwaukee River Watershed, were 
reviewed in order to assess the impact of the 
increased flows on the Milwaukee River down
stream of Lincoln Creek. The 100-year recurrence 
interval flood discharge for Lincoln Creek under 
year 2000 planned land use conditions and 
recommended channel conditions is 14,000 cubic 
feet per second, substantially higher than the 
7,980 cfs expected under existing land use and 
channel conditions. Because of this increase in 
peak discharge from Lincoln Creek, it was 
deemed necessary to consider the impact of this 
flow downstream of the confluence of Lincoln 
Creek with the Milwaukee River. 

The estimated flow of the Milwaukee River 
just downstream of Lincoln Creek for a 100-
year recurrence interval event under planned 



Table 75 

FLOOD DISCHARGES FOR LINCOLN CREEK FOR YEAR 2000 
LAND USE CONDITIONS FOR RECOMMENDED CHANNEL CONDITIONS 

Peak Flood Discharge (cfs) 

Planned Land Use, Planned Storage, 
and Recommended Channel Conditions 

Location 
River 
Mile 10-Year 50-Year 100-Year 

Mouth at Milwaukee River 
N. Green Bay Avenue .. . . . . . . . . . .. 
W. Villard Avenue ......... ..... . 
Pedestrian Bridge .............. . 
N. Teutonia Avenue ............. . 
W. Cameron Avenue ............. . 
Soo Line Railroad ..... ......... . 
W. Hampton Avenue ............. . 
N. 32nd Street ................ . 
Soo Line Railroad .............. . 
W.Glendale Avenue . . . . . . . . ..... . 
N. 35th Street ................ . 
N. 37th Street ................ . 
N. Sherman Boulevard ........... . 
N. 51 st Street ................. . 
Pedestrian Bridge ............. .. 
N. 58th Street (extended) .......... . 
N. 60th Street ................ . 
W. Hampton Avenue ............. . 
Pedestrian Bridge .............. . 
W. Villard Avenue ......... ..... . 
N. 60th Street ................ . 
W. Silver Spring Drive ............ . 

Downstream Side ... . ......... . 
Upstream Side ............... . 

Drop Structure . . .............. . 
U. S. Army Bridge .............. . 
Wisconsin & Southern Railroad ..... .. 
Havenwoods Bridge ... . . . . . . . . . . . 
Chicago & North Western Railway ..... . 
W. Woolworth Avenue ........... . 
N. 51 st Street ................. . 
W. Mill Road ................. . 
W. Green Tree Road . . . . ......... . 
W. Good Hope Road 
(structure outlet) ......... ..... . 

Chicago & North Western Railway 
(structure inlet) ............... . 

Chicago & North Western Railway ..... . 
N. 60th Street ................ . 

Downstream Side . . . . ......... . 
Upstream Side ............... . 

Source: SEWRPC. 

0.00 
0.43 
0.81 
0.93 
1.30 
1.53 
1.65 
1.73 
1.90 
2.01 
2.20 
2.52 
2.64 
3.03 
3.59 
3.80 
4.16 
4.24 
4.41 
4.56 
4.92 
5.37 
5.65 

5.79 
6.06 
6.28 
6.29 
6.73 
6.82 
6.86 
6.90 
7.40 

7.92 

7.97 
8.49 
8.55 

7,600 
7,600 
6,960 
6,960 
6,960 
6,700 
6,700 
6,700 
6,700 
6,610 
6,610 
5,350 
5,350 
5,140 
4,030 
4,030 
4,030 
3,200 
3,200 
2,500 
1,140 
1,140 

1,140 
620 
620 
590 
530 
530 
610 
610 
610 
610 
560 
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210 
210 

210 
350 

12,460 
12,460 
11,050 
11,050 
11,050 
10,650 
10,650 
10,650 
10,650 
10,540 
10,540 
8,540 
8,540 
8,200 
6,310 
6,310 
6,310 
5,030 
5,030 
3,930 
1,840 
1,840 

1,840 
980 
980 
930 
850 
850 
980 
980 
980 
980 
850 

640 

290 
290 

290 
590 

14,000 
14,000 
12,650 
12,650 
12,650 
12,200 
12,200 
12,200 
12,200 
12,080 
12,080 
9,790 
9,790 
9,430 
7,350 
7,350 
7,350 
5,860 
5,860 
4,600 
2,170 
2,170 

2,170 
1,110 
1,110 
1,050 

950 
950 

1,120 
1,120 
1,120 
1,120 

965 

750 

310 
310 

310 
700 
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Figure 57 

COMPARISON OF FLOOD HYDROGRAPHS 
FOR MILWAUKEE RIVER AND LINCOLN CREEK 

FOR A ONE-HOUR DURATION, 100-YEAR 
RECURRENCE INTERVAL STORM 
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land use and existing channel conditions is 
16,400 cfs. Thus, the flow from Lincoln Creek, 
which can be nearly 14,000 cfs under the recom
mended channel conditions, could have a signifi
cant impact on flood flows in the Milwaukee 
River, 

A review of the timing of the occurrence of peak 
discharges upstream of Lincoln Creek on the 
Milwaukee River during major flood-flow events 
indicated that the earliest peak discharges occur 
about eight hours after the beginning of a major 
rainfall event. The peak discharge from the 
Lincoln Creek subwatershed may be expected 
generally to occur within three hours of the 
beginning of a major rainfall event. 

The types of storms which may be expected to 
generate high flows in Lincoln Creek were also 
reviewed to determine if the flows could be 
expected to result in a peak flow on the Milwau
kee River greater than previously estimated. A 
comparison of the two synthesized hydrographs 
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Figure 58 

COMPARISON OF FLOOD HYDROGRAPHS 
FOR MILWAUKEE RIVER AND LINCOLN CREEK 

FOR A SIX-HOUR DURATION, 100-YEAR 
RECURRENCE INTERVAL STORM 
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shown in Figures 57 and 58 indicates that the 
peak discharges from Lincoln Creek normally 
should not be coincident with peak discharges 
on the main stem of the Milwaukee River. 
Accordingly, the impacts of the recommended 
channel improvements on the downstream peak 
flows should not be significant. 

Maximum precipitation storm events with a 
recurrence interval of 100 years and with vary
ing durations of 1, 2, 4, 5, 6, and 12 hours were 
evaluated. The analyses indicated that the , 
highest peak rate of flow on the Milwaukee River 
downstream of Lincoln Creek for these storms-
14,500 cfs-may be expected to occur with a one
hour storm, and that the peak rate of flow may 
be expected to drop as the duration of the 
rainfall storm event increases. The peak rate of 
flow on the Milwaukee River downstream of 
Lincoln Creek was estimated at 8,200 cfs for a 
12-hour, 100-year recurrence interval rainfall 
event. These peak rates of flow compare to the 
estimated maximum 100-year recurrence interval 



flood-flow rate of 16,400 cfs that may be expected 
to be caused by a spring snowmelt condition in 
the Milwaukee River watershed, the expected 
critical flood condition on the Milwaukee River. 
Thus, it may be concluded that the channel 
improvements recommended for Lincoln Creek 
should not increase the design flood flows for the 
Milwaukee River downstream of Lincoln Creek 
as tq.ose flows were used in the preparation of 
the Milwaukee River watershed plan. 

Flood Control and Related Drainage 
System Plan Implementation 
The major floodland management recommenda
tion of the Lincoln Creek flood control plan is 
the application of structural flood control mea
sures to abate flood problems. It is recommended 
that the channel modification subelement be 
implemented expeditiously through the coopera
tive efforts of the City of Milwaukee, Milwaukee 
County, and the Milwaukee Metropolitan Sewer
age District. More specifically, it is recom
mended that the District design, construct, and 
maintain the major channel improvements 
recommended along Lower Lincoln Creek from 
the mouth of Lincoln Creek upstream to N. 
Teutonia Avenue, a distance of 1.3 miles; and 
from N. 32nd Street upstream to W. Hampton 
Avenue, a distance of 2.5 miles. It is further 
recommended that the District design, construct, 
and maintain the dikes and attendant storm
water pumping stations recommended along 
Lower Lincoln Creek downstream of N. Green 
Bay Avenue, a total length of about 1,400 feet; 
from N. Green Bay Avenue upstream to the 
confluence with Crestwood Creek and along 
Crestwood Creek, a total length of about 1,300 
feet; and along the west side of the creek between 
W. Cameron Avenue and the Soo Line Railroad, 
a total length of about 500 feet. 

Along Upper Lincoln Creek, it is recommended 
that the District design and construct the 
channel improvements recommended along 
Upper Lincoln Creek from River Mile 6.67 
downstream of the Chicago & North Western 
Railway line located south of W. Woolworth 
Avenue to the Chicago & North Western line 
located just east of N. 60th Street, a distance of 
about 1.8 miles. It is recommended that the drop 
structure at the inlet to the W. Good Hope Road 
culvert be removed when the District. makes the 
channel improvements above this structure. It is 
recommended that the District remove two 
houses along N. 51st Street between W. Wool
worth Avenue and W. Mill Road. It is further 

recommended that the District clean out the 
channel from the drop structure at River Mile 
5.79 upstream to the Wisconsin & Southern 
Railroad, a distance of about 0.5 mile. It is 
emphasized that in this latter reach, channel 
enlargement is not called for, but simply the 
removal of debris and deadfalls, and the removal 
of live, woody plants smaller than two inches in 
diameter where they are concentrated in suffi
cient numbers to significantly impede the flow 
of floodwaters. Such cleaning should be done 
carefully to preserve as much as practical of the 
existing terrestrial and aquatic wildlife habitat 
and pool and riffle regime in this reach. 

It is further recommended that Milwaukee 
County cooperate fully in the major channel 
improvements through the provision of atten
dant construction easements and rights-of-way, 
modification to the three county-owned pedes
trian bridges located at River Miles 2.82, 3.48, 
and 3.80 to accommodate the proposed lowered 
channel bottom grade, and replacement of the 
county-owned pedestrian bridge located at River 
Mile 0.93. 

It is further recommended that the District work 
with the railroad companies involved in the 
design and construction of the bridge required to 
carry the Soo Line Railroad over the recom
mended channel relocation at River Mile 2.01, 
and of the replacement bridge or culvert under 
the Chicago & North Western Railway at River 
Mile 6.73. 

It is recommended that the Wisconsin Depart
ment of Natural Resources clean out the channel 
from the Wisconsin & Southern Railroad 
upstream through Havenwoods to the Chicago & 
North Western Railway, also preserving as much 
as practical of the existing terrestrial and aquatic 
wildlife habitat and pool and riffle regime. 

It is recommended that the District remove the 
bridges at N. Green Bay Avenue, W. Villard 
Avenue, N. Teutonia Avenue, W. Glendale 
Avenue, N. 35th Street, N. 37th Street, N. 
Sherman Boulevard, W. Woolworth Avenue, N. 
51st Street upstream of W. Woolworth Avenue, 
and W. Green Tree Road, and the pedestrian 
bridge at River Mile 0.93 to accommodate the 
recommended channel improvements. 

It is recommended that the City of Milwaukee 
construct replacement bridges at N. Green Bay 
Avenue, W. Villard Avenue, N. Teutonia Avenue, 
W. Glendale Avenue, N. 35th Street, N. 37th 
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Table 76 

SUMMARY OF RECOMMENDED PLAN CAPITAL COSTS FOR LINCOLN CREEK SUBWATERSHED 

Estimated 
Capital 

Implementing Agency Improvements Cost 

Milwaukee Metropolitan Channel Improvements .. . . . . . . . . . . . $ 9,502,000 
Sewerage District Dikes and Floodwalls ............... 1,133,000 

Bridge Removal and 
Replacementa ........... . . . . . . . 3,672,000 

Pumping Stations .......... . . . . . . . 714,000 

Subtotal $15,021,000 

City of Milwaukee Bridge Replacement or 
Modificationb .................. $ 6,086,000 

Storm Sewer System Improvement ...... 538,000 
Street Regrading ................. 210,000 

Subtotal $ 6,834,000 

Wisconsin Department Channel Cleaning and 
of Natural Resources Debrushing . . . . . . . . . ........... $ 10,000 

Total $21,865,000c 

a Portions of this cost may be allocated to two railroad companies. 

b Portions of this cost may be allocated to the Wisconsin Department of Transportation. 

cOf the total capital cost of the recommended plan, $21,052,000 may be attributed to flood control, and $813,000 
to improved drainage, involving channel deepening to accommodate existing storm sewer outfalls. 

Source: SEWRPC. 

Street, N. Sherman Boulevard, W. Woolworth 
Avenue, N. 51st Street upstream ofW. Woolworth 
Avenue, and W. Green Tree Road; and modify the 
bridges at N. 51st Street downstream of N. 60th 
Street and N. 60th Street, all as necessary to 
provide the required hydraulic capacity and to 
accommodate channel improvements to be made 
by the District. The removal and replacement of 
the N. 37th Street bridge should not be under
taken until downstream channel improvements 
have been made by the District to accommodate 
the increased downstream flood flows that will be 
attendant to the removal of this hydrologically 
significant structure. 

It is similarly recommended that the removal 
and replacement of the hydrologically significant 
structure at N. Sherman Boulevard be under
taken only after downstream channel improve
ments to be made by the District are in place, 
and only after the N. 37th Street bridge has been 
replaced. As already noted, the bridge at N. 32nd 
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Street which was recommended to be replaced in 
the 1982 Lincoln Creek flood control report has 
already been replaced by the City of Milwaukee. 

The capital costs associated with the various 
components of the recommended plan are sum
marized by agency in Table 76. 

Additional Considerations for 
Recommended Flood Control System 
Plan for Lincoln Creek in Lincoln Park 
Consideration was also given to the construction 
of a new bypass channel between the existing 
Lincoln Creek channel and the Milwaukee River 
parallel to and approximately 800 feet south of 
W. Lawn Avenue from a point about 800 feet 
downstream of N. Green Bay Avenue to the 
main stem of the Milwaukee River, as shown on 
Map 130. The new channel would be turf lined, 
with a bottom width of 80 feet, side slopes of one 
on three, and an average top width of about 170 



Map 130 

PROPOSED FLOOD CONTROL PLAN FOR LOWER LINCOLN CREEK 
DOWNSTREAM OF N. TEUTONIA AVENUE WITH BYPASS CHANNEL 
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feet. Construction of the channel would also 
require the construction of a new bridge to carry 
N. Milwaukee River Parkway over the channel. 
The Lincoln Creek channel downstream of the 
bypass channel would remain in its existing 
condition. Between the beginning of the bypass 
channel and N. Green Bay Avenue the Lincoln 
Creek channel would be widened and deepened, 
with the enlarged channel having a a bottom 
width of 80 feet, side slopes of one on three, and 
an average top width of about 170 feet. The 
channel would have a rip-rap lining to control 
erosion. In order to accommodate the new 
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bypass channel, seven residential properties 
located along N. Milwaukee River Parkway 
would need to be acquired and removed. An 
additional seven properties which would be 
affected by the construction of the channel are 
owned by Milwaukee County. 

The resulting 100-year recurrence interval flood 
profile downstream of N. Green Bay Avenue 
under planned land use and channel conditions 
with the construction of the bypass channel 
would be from 1.3 to 1.7 feet lower than that 
which would be expected if a turf-lined channel 
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were constructed along the existing channel 
alignment. Under these lower stages, flooding of 
structures along W. Lawn Avenue would not be 
anticipated, and no appurtenant dikes, flood
walls, or pumping stations would be required. In 
addition, modification or replacement of the 
bridge at N. Green Bay Avenue would not be 
required. The roadway grade for N. Green Bay 
Avenue would, however, need to be raised 0.5 foot 
so as to prevent overtopping during a 100-year 
recurrence interval flood under planned land use 
and channel conditions. Upstream of N. Green 
Bay Avenue, the recommended flood control plan 
would remain unchanged. It should be noted that 
two guide wire foundations for the WISN radio 
transmission tower may have to be modified in 
the final design of this bypass channel. 

Incorporation of the bypass channel into the 
recommended flood control plan would increase 
the estimated capital cost by $791,000 over the 
cost of the plan without the channel, excluding 
modifications to the guide wire foundation for 
the transmission tower. \ Annual operation and 
maintenance costs with the bypass channel 
would approximate $22,100, a decrease of $5,000 
from the recommended plan cost without the 
channel. On a total annual cost basis, assuming 
a 6 percent interest rate and a 50-year project 
life, this modified plan would have a cost of 
$1,364,000, or about 3 percent more than the cost 
of the initially recommended plan. However, for 
the segment of channel involved below N. Green 
Bay Avenue, this modified plan would result in 
an increase in total cost of over 50 percent. 

The incorporation of this bypass channel is not 
recommended for the following reasons: 1) the 
alignment of the bypass channel requiring about 
a 200-foot-wide area of impact is through an area 
which is designated by the Wisconsin Depart
ment of Natural Resources as a wetland; 2) 
construction of the channel would result in the 
removal of 14 privately owned residences, of 
which seven are presently on the tax roles; and 
3) the monetary cost of construction of the 
bypass channel is more than the cost of the 
alternative calling for a turf-lined channel and 
no bypass along the existing channel alignment. 

Concluding Remarks 
The flooding and related drainage problems in 
the Lincoln Creek subwatershed are serious and 
costly. Many hundreds of structures lie in the 
existing floodplain and are thus subject not only 
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to periodic flood damages, but to federal and 
state flood insurance and related zoning regula
tions and requirements. The only feasible and 
practical way to eliminate such flooding prob
lems and to remove these hundreds of homes 
and other structures from the floodplain maps 
under the regulatory requirements of the flood 
insurance program is to undertake the series of 
interrelated channel and structure improve
ments set forth in the recommended Lincoln 
Creek flood control plan. These improvements, 
in particular those related to channel deepening, 
widening, and concrete lining and the construc
tion of related dikes and floodwalls, are recom
mended by the Commission only as a last resort. 
There appears to be no other feasible way to 
resolve the problem. 

Urban development in the subwatershed has 
been permitted to destroy almost all of the 
wetlands that once provided natural flood-flow 
regulation on Lincoln Creek. There are no sites 
available which can provide any significant 
amount of floodwater detention. A dike and 
floodwall system alone would not be feasible or 
cost-effective. Consequently, the only alternative 
left involves making significant changes to the 
existing channel by restructuring the creek bed. 
This is the price that the public, as a whole, must 
pay for historic lack of foresightedness in 
protecting the natural floodlands and wetlands 
of this subwatershed. 

BEAVER CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Beaver Creek has not been studied under any 
previous Commission planning program. Analy
ses conducted by the Federal Emergency Man
agement Agency for the Village of Brown Deer 
federal flood insurance study included an 
approximate delineation of the flood hazard area 
along Beaver Creek. More detailed analyses of 
the hydrologic and hydraulic characteristics of 
the creek and the tributary subwatershed were 
conducted under this system planning effort. 

Overview of the Study Area 
Beaver Creek is a tributary of the Milwaukee 
River. The Beaver Creek subwatershed is located 
almost equally within the City of Milwaukee and 
the Village of Brown Deer. From its origin at the 
outlet of the Northridge Lakes reservoir at N. 
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70th Street, Beaver Creek flows in a generally 
easterly direction for approximately 2.37 miles, 
and drains an area of about 3.49 square miles 
(see Map 131). Of this total drainage area, 1.50 
square miles, or about 43 percent, lie within the 
City of Milwaukee, and 1.99 square miles, or 
about 57 percent, lie within the Village of 
Brown Deer. 

More specifically, from its ongm at the outlet 
from the Northridge Lakes reservoir, Beaver 
Creek flows in a generally southeasterly direc-
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tion to the vicinity of N. 66th Street and W. 
Brown Deer Road. From this point, the creek 
flows in a generally easterly direction to about 
N. 62nd Street and W. Brown Deer Road, thence 
northeasterly to the vicinity of W. J oleno Lane 
and N. 55th Street extended, and thence easterly 
to its confluence with the Milwaukee River near 
the North Suburban YMCA property. Of the 
2.37-mile reach described, 1.90 miles, or 
80 percent, is classified as perennial, while the 
remaining 0.47 mile, or 20 percent, is classified 
as intermittent. The entire perennial stream 
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length is recommended for District jurisdiction 
in the policy plan companion to this system 
plan. In addition to the 1.90 miles of stream 
recommended for District jurisdiction, 0.3 mile of 
intermittent stream extending to the second W. 
Brown Deer Road crossing was studied in detail 
under this system plan. It was decided to include 
this stream reach in the planning effort since it 
flows through a residential development and 
because no flood control measures have been 
implemented along it. It would therefore be 
necessary to evaluate the downstream impact of 
any locally proposed flood control measures 
along this reach in any case. 

By 1985, the Beaver Creek subwatershed was 
almost completely developed for urban use, 
including residential, commercial, industrial, 
institutional, and urban open space uses. Most 
of the area located in the Village of Brown Deer 
was developed for residential use, while most of 
the area in the City of Milwaukee was developed 
for commercial use. The developed areas of the 
Beaver Creek subwatershed are generally pro
vided with a full range of municipal street 
improvements, including paved streets with 
curbs and gutters and attendant storm sewers, 
except the residential areas in the Village of 
Brown Deer which are served by roadside 
drainage ditches. Accordingly, surface runoff is 
generally conveyed rapidly from most individual 
sites to Beaver Creek through storm sewers. 

Specific data on pertinent characteristics of the 
subwatershed, such as hydrologic soil types, 
land slopes, and land use, appear in Chapter II 
of this report. The land use conditions utilized in 
the system planning assume that the subwa
tershed will be fully urbanized by the design 
year of the system plan. However, some existing 
open space uses, such as parks, will remain. 

Channel improvements have been made along 
the entire 1.9-mile perennial stream length as 
well as along about 0.20 mile of the intermittent 
stream length to accommodate the increased 
streamflows. The channel has been physically 
altered by deepening and straightening, and in 
some reaches lining with concrete and enclosure 
in culverts. 

Flooding and Related Drainage Problems 
An investigation of the historical flood problems 
along Beaver Creek that was conducted under 
this system plan indicated few problems. 
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Reported problems were limited to minor flood
ing of yards and garages along that portion of 
the creek located between N. 64th Street and N. 
68th Street. This lack of any serious flooding 
problems can be attributed, in part, to the 
extensive channel modifications that have been 
implemented along Beaver Creek, as well as to 
the retention reservoir located within the North
ridge Lakes housing development at the head
waters of Beaver Creek. This reservoir greatly 
reduces the hydrologic impact of the extensive 
commercial development located along N. Brown 
Deer Road, west ofN. 76th Street. 

The results of the hydrologic and hydraulic 
analyses indicate that no houses may be expected 
to experience direct flooding along Beaver Creek. 
Flooding of yards and overtopping of both 
N.64th Street and N. 66th Street, however, may 
be expected along the reach of Beaver Creek 
between N. 64th Street and the second W. Brown 
Deer Road crossing at River Mile 2.20. This reach 
is located upstream of that which is recommended 
for District jurisdiction under the policy plan 
companion to this system plan. 

No industrial or commercial properties are 
expected to experience direct damages for floods 
up to and including the 100-year recurrence 
interval event under either existing or planned 
land use. Additional homes and industrial and 
commercial properties may, however, experience 
indirect flood damages through sanitary sewer 
backup. It should be noted that the flood control 
measures considered under this system plan are 
primarily intended to alleviate flood damages 
from direct overland flooding along the stream 
studied, as well as to provide an adequate outlet 
for local storm sewers. These measures may help 
to reduce flooding due to localized stormwater 
drainage problems or sanitary sewer backups. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for the development of 
design flood discharges for Beaver Creek uses 
design rainfall events as input. The design 
rainfall events were developed using 10-, 50-, and 
100-year rainfall volumes obtained from the 
updated point rainfall depth-duration-frequency 
relationships developed by the Commission as 
discussed in Chapter III. The rainfall distribution 
utilized for each design storm was the median 
distribution of a first-quartile storm, as shown in 



Table 77 

COMPARISON OF SIMULATED 100-YEAR RECURRENCE INTERVAL DISCHARGES FOR BEAVER 
CREEK: WISCONSIN URBAN STREAM REGRESSION EQUATIONS VS. HEC-1 SIMULATION MODEL 

River 
Mile Location 

0.00 At Mouth ............. 
0.92 N. 51 st Street ........... 

1.76 W. Brown Deer Road ...... 

Source: SEWRPC. 

Chapter III. The design storm duration was 
determined for a given recurrence interval by 
simulating the peak discharge at a given location 
for a range of storm durations. The storm dura
tion and associated rainfall volume which pro
duced the largest peak discharge at a given 
location for a given recurrence interval was 
selected as the design storm for that location. 
This analysis was conducted for both existing 
and planned land use and channel conditions at 
eight locations on the main stem of Beaver Creek. 
Because of a lack of recorded high-water data for 
Beaver Creek, the flood discharges simulated by 
the hydrologic model were checked by comparison 
with discharges computed by use of regression 
equations developed for Milwaukee County by the 
U. S. Geological Survey under a cooperative 
program with the Regional Planning Commission 
and the Metropolitan Sewerage District. As 
shown in Table 77, the discharges developed with 
the hydrologic model were lower than those 
computed using the regression equations, 
although generally within the standard error of 
estimate for the equations. Such a result should 
be expected, since the regression equations do not 
account for detention storage facilities such as 
that located at the Northridge Lakes housing 
development. 

The estimated peak flood discharges under 
existing and planned, year 2000, land use 
conditions and existing channel conditions 
selected for use in the system planning are set 
forth in Table 78. Flood stage profiles were 

Discharge Using 
Regression Discharge Using 
Equations HEC-1 Model Percent 

(cfs) (cfs) Difference 

1,450 1,110 23 

1,310 1,230 6 

870 490 44 

determined for the 10-, 50-, and 100-year 
recurrence interval runoff events under planned 
land use and existing channel conditions. These 
profiles, which encompass the full 2.2-mile-Iong 
reach of Beaver Creek studied, constitute a 
graphic representation of the flood stages along 
Beaver Creek under the specified recurrence 
interval flood discharges, and under planned 
land use and existing channel conditions. In 
addition to providing an overall representation 
of flood stages relative to familiar points of 
reference such as the channel bottom and bridge 
deck surfaces, the profiles, because they are 
continuous, permit the determination of flood 
stages at any point along the stream channeL 
The flood profiles are shown in Figure 59. The 
extent of the 100-year recurrence interval flood
plain under planned land use conditions is 
shown on Map 132. This flood hazard area was 
delineated using large-scale topographic maps 
prepared in 1964, supplemented with construc
tion plans for the various modifications carried 
out along the channeL 

Alternative Flood Control and Related 
Drainage System Plans for Beaver Creek 
As previously noted, no structure flood damages 
are anticipated along Beaver Creek. Flooding of 
yards and overtopping of both N. 64th Street 
and 66th Street may be anticipated along the 
reach between N. 64th Street and the second W. 
Brown Deer Road crossing, however. The Village 
has considered rezoning the lands located along 
the south side of W. Brown Deer Road between 
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Table 78 

FLOOD DISCHARGES FOR BEAVER CREEK FOR EXISTING AND 
YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cfs) 

Existing Land Use, Year 2000 Planned Land Use, 
Existing Channel Conditions Existing Channel Conditions 

River 
Location Mile 10-Year 

Mouth at Milwaukee River ........ 0.00 580 
Pedestrian Bridge ............. 0.10 580 
N. Green Bay Road (STH 57) Outlet ... 0.18 560 
N. Green Bay Road (STH 57) Inlet .... 0.33 560 
Utility Road ................. 0.67 550 
Wisconsin Central Railroad . . . . . . . . 0.69 550 
N. 51 st Street ................ 0.92 530 
N. 60th Street · .............. 1.50 360 
W. Brown Deer Road ........... 1.76 220 
N. 64th Street · .............. 1.93 190 
N. 66th Street · .............. 2.06 190 

Source: SEWRPC. 

N. 64th Street and N. 68th Street from residen
tial to commercial use. Therefore, the Village has 
expressed interest in improving the drainage 
characteristics of Beaver Creek along this reach. 
Accordingly, in the preparation of this system 
plan, three alternative flood control plans were 
considered for alleviating the flood problems 
along Beaver Creek, and improving the drainage 
characteristics of the creek: 1) Alternative 
Plan 1-no action; 2) Alternative Plan 2-
culvert replacement; and 3) Alternative Plan 3-
combination of culvert replacement and 
channel modification. 

Each alternative is described below. The esti
mated capital and operation and maintenance 
costs attendant to each alternative are provided 
in Table 79. 

Alternative Plan 1-No Action: One alternative 
course of action for handling the flood problem 
along Beaver Creek is to do nothing-that is, to 
recognize the inevitability of flooding but to 
deliberately decide not to mount a collective, 
coordinated program to abate the problem. 

Alternative Plan 2-Culvert Replacement: This 
alternative plan is shown on Map 133, and 
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50-Year loo-Year 10-Year 50-Year loo-Year 

970 1,110 640 1,040 1,180 
970 1,110 640 1,040 1,180 
930 1,070 620 1,010 1,140 
930 1,070 620 1,010 1,140 
950 1,090 620 1,010 1,130 
950 1,090 620 1,010 1,130 

.1,020 1,230 590 1,090 1,370 
670 860 410 770 970 
390 490 260 460 580 
340 420 230 400 500 
340 420 230 400 500 

consists of replacing the existing culverts at two 
roadcrossings-N. 64th Street at River Mile 1.93 
and N. 66th Street at River Mile 2.06. In 1987 the 
road crossing at N. 64th Street consisted of a 
single corrugated metal pipe arch that was 7 feet 
11 inches wide by 5 feet 7 inches high, while the 
crossing at N. 66th Street consisted of a single 
8-foot-wide by 5-foot-high reinforced concrete box 
culvert. Under this alternative, each of these two 
structures would be replaced by two 8-foot-wide 
by 6-foot-high reinforced concrete box culverts. 

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 $6,300. This cost consists of the 
amortization of the $99,000 capital cost for 
culvert replacement. 

Alternative Plan 3-Combination of Culvert 
Replacement and Channel Modification: This 
alternative is shown on Map 134 and consists of 
replacing the existing culverts at both N. 64th 
Street and N. 66th Street, and the modification 
of the associated channel reach. Each of the two 
existing structures would be replaced by two 
8-foot-wide by 6-foot-high reinforced concrete box 



Map 132 

100·YEAR RECURRENCE INTERVAL FLOODPLAIN FOR BEAVER CREEK 
UNDER YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

--'.0 
-+-

NOTE : 

VILLAGE OF 
BROWN DEER 

LEGEND 

DEAN RD. 

100· YEAR RECURRENCE INTERV AL 
fLOODPLAIN-YE AR 2000 
PU~NNEO LAND USE AND EXISTING 
CIiANNEL COI'IDITION5 

1l0DITIONIlL AREA 5UIIJ[CT 
TO INUNDATION FROM 
MIL WAUI<EE RIVER 

APPRO~IIoIAT[ E:l<15T1NG CIiANNEL 
CE IiTERLIN[ MID RIVER MilE 
5 T Il TlONING 

THE AVII. IL AII ILlTY Of l ARGE_SClllE 
TOPOGfl lI.PHIC MAPPING FOR 
BEAVER CFlEEI( IS SHOWN 
IN APPENDIX H 

Source: SEWRPC. 
DATE OF PHOTOGRAPHY APRil 1'996 

> 
~ • o 

" • v 

" ~ 

>00 

." 

~ 670 

~ 
o 
~ 

" ~ 
o 

" • z 
~ 

> 
~ 
: 660 

~ 

" • z 
o 

" • > 

~ 

.<0 

w 

Figure 59 

FLOOD STAGE AND STREAMBED PROFILE FOR BEAVER CREEK 
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Table 79 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES 
FOR BEAVER CREEK IN THE VILLAGE OF BROWN DEER 

Costs 

Annual 

Amortized Operation and 
Alternative Description Capital Capitala Maintenance Other Total 

1. No Action - - $ 0 $ 0 $ 0 $ 0 $ 0 

2. Culvert Replacement Replace culverts 
at two road 
crossings 99,000 6,300 0 0 6,300 

3. Combination of Replace cul-
Culvert Replace- verts at two 
ment and Channel road crossings 99,000 13,000 600 0 13,600 
Modification 

Modify 0.27 
mile of channel 103,300 

Subtotal $202,300 

aAmortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

culverts. Channel modifications would be carried 
out along the 0.27-mile reach of Beaver Creek 
between N. 64th Street and the W. Brown Deer 
Road crossing at River Mile 2.20. The existing 
channel invert would be lowered from 0.1 foot to 
3.0 feet within this reach. The proposed channel 
would have a bottom width of five feet and side 
slopes of one on two. The resulting top width of 
the channel would average 25 feet. Due to the 
high channel velocities within this reach, a rip
rap channel lining would be required. 

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 $13,600. This cost consists of the 
amortization of the $99,000 capital cost of the 
culvert replacement, the $103,300 capital cost of 
the channel modification, and $600 in annual 
operation and maintenance costs. 
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Evaluation of Flood Control 
Alternatives for Beaver Creek 
The principal features, and costs, of each of 
the floodland management alternatives consid
ered for Beaver Creek are summarized in 
Table 79. Excluding the no action alternative, all 
of the alternatives were found to be technically 
feasible. 

The no action alternative, while offering the 
lowest cost, does nothing to alleviate the existing 
flood problem, and therefore does not represent 
a sound, long-term approach to flood control. 

Implementation of either Alternative Plan 2-cul
vert replacement-or Alternative Plan 3-combi
nation of culvert replacement and channel 
modification-would eliminate overtopping of 
both N. 64th Street and N. 66th Street during 
floods up to and including the lOO-year recur
rence interval event under planned, year 2000, 



Map 133 

ALTERNATIVE PLAN 2: CULVERT 
REPLACEMENT ALONG BEAVER CREEK 

LE GEND - CULVERT REPLACEMENT 
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Source: S£WRPC. 

land use conditions. Implementation of Alterna
tive Plan 3 would also eliminate most overland 
flooding between N. 64th Street and the second 
W. Brown Deer Road crossing. 

Recommended Flood Control 
System for Beaver Creek 
At the Technical Advisory Committee meeting 
held on January 20, 1988, the representative of 
the Village of Brown Deer indicated that the 
Village favored Alternative Plan 3, as it would 
provide a drainage system adequate to serve 
proposed land use development in the vicinity of 
the creek-primarily, the rapidly developing 
commercial areas along W. Brown Deer Road. 
Since the reach under consideration is not under 
Milwaukee Metropolitan Sewerage District juris
diction and thus is a local responsibility, the 
Advisory Committee recommended the locally 
preferred alternative. 
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ALTERNATIVE PLAN 3 : COMBINATION 
OF CULVERT REPLACEMENT AND CHANNEL 
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The total capital cost of the recommended flood 
control plan was estimated at $203,000 in 1986 
dollars. The recommended plan is shown on 
Map 135. The peak flood profile that would be 
attendant to planned land use and planned 
channel conditions is shown in Figure 60. The 
recommended plan should have no significant 
impact on flood flows and stages along Beaver 
Creek downstream ofN. 64th Street. 

The recommended plan consists of replacing the 
existing culverts at N. 64th Street and at N. 66th 
Street, with each replacement consisting of two 
8-foot-wide by 6-foot-high reinforced concrete box 
culverts. In addition , channel modifications 
would be carried out along the 0.27-mile reach 
between N. 64th Street and the W. Brown Deer 
crossing at River Mile 2.20. The existing channel 
invert would be lowered from 0.1 foot to 3.0 feet 
within this reach. The proposed channel would 
have a bottom width of five feet and side slopes 
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RECOMMENDED FLOOD CONTROL SYSTEM PLAN FOR BEAVER CREEK 
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Figure 60 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR BEAVER CREEK 
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of one on two. Because of the high channel 
velocities, a rip-rap channel lining would be 
required along this reach. 

In addition to the above measures, it is recom
mended that new large-scale topographic maps 
be prepared for the area along Beaver Creek. The 
large-scale topographic maps currently available 
from the Village of Brown Deer were prepared in 
1964, and do not reflect the significant amount 
of development that has occurred since then, 
including major channel modifications and 
realignment of Beaver Creek. Although the 100-
year recurrence interval flood flow is contained 
within the channel for much of its length, there 
are two reaches where the flow is expected to 
exceed the bank-full capacity of the channel. 
These reaches are between N. Green Bay Road 
and the west end of the Village Park, and 
between N. 64th Street and the W. Brown Deer 
Road crossing at River Mile 2.20. New topo
graphic maps are needed to adequately delineate 
the limits of the floodplain along these reaches. 
Since these new maps would serve multiple 
purposes, none of the attendant costs have been 
assigned to the flood control plan. 

Flood Control and Related Drainage 
System Plan Implementation 
It is recommended that the structural measures 
developed for the abatement of drainage and 
flood problems along Beaver Creek be imple
mented by the Village of Brown Deer. More 
specifically, it is recommended that the Village 
design, construct, and maintain the channel 
modifications recommended along the 0.27-mile 
reach between N. 64th Street and the W. Brown 
Deer Road crossing at River Mile 2.20, including 
the replacement of the existing culverts at N. 
64th Street and N. 66th Street. It is further 
recommended that the Milwaukee Metropolitan 
Sewerage District prepare new large-scale topo
graphic maps for the area along Beaver Creek. 

BROWN DEER PARK CREEK (UNNAMED 
TRIBUTARY NO. 2) SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Unnamed Tributary No.2, herein referred to by 
the unofficial name of Brown Deer Park Creek, 
has not been studied under any previous Com
mission planning program. Primary analyses of 
the hydrologic and hydraulic characteristics of 
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the stream and the tributary subwatershed were 
accordingly conducted under this system plan
ning effort. 

Overview ofthe Study Area 
Brown Deer Park Creek is a tributary of the 
Milwaukee River. The Brown Deer Park Creek 
subwatershed is located primarily within the 
City of Milwaukee. Small portions of the subwa
tershed are located in the City of Glendale and 
the Villages of River Hills and Brown Deer. From 
its origin at a storm sewer outlet located east of 
the Wisconsin Central Railroad and northwest of 
W. Rochelle Avenue in the City of Glendale, the 
stream flows in a generally northerly direction 
for approximately 2.25 miles, and drains an area 
of about 1.64 square miles (see Map 136). Of this 
total drainage area, 1.17 square miles, or about 
71 percent, lie within the City of Milwaukee; 0.20 
square mile, or about 13 percent, lies within the 
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Village of River Hills; 0.24 square mile, or about 
14 percent, lies within the City of Glendale; and 
0.03 square mile, or about 2 percent, lies within the 
Village of Brown Deer. 

More specifically, from its origin at the storm 
sewer outlet, Brown Deer Park Creek flows about 
1.51 miles in a generally northerly direction, 
passing under W. Good Hope Road, Brown Deer 
Park Drive at two locations, W. Bradley Road, 
and N. Green Bay Road. From N. Green Bay 
Road, the stream flows about 0.28 mile in a 
generally easterly direction to a private dam. 
From the dam, the stream flows about 0.46 mile 
in a generally northerly direction, passing under 
a private drive and N. Range Line Road before 
reaching its confluence with the Milwaukee River 
in the area of the Milwaukee Country Club. 

Of the 2.25-mile reach described, 1.95 miles, or 
about 87 percent, is classified as perennial, while 
the remaining 0.30 mile, or 13 percent, is clas
sified as intermittent. The entire perennial 
stream length is recommended for District 
jurisdiction in the policy plan companion to this 
system plan. The 0.30 mile of intermittent 
stream consists of two sections of concrete-lined 
channel separated by a double box culvert. The 
lined channel and culvert were constructed by 
the City of Milwaukee. The reach of intermittent 
stream does not have significant monetary flood 
damage risk, and the channel improvements in 
the reach were not constructed by the Milwaukee 
Metropolitan Sewerage District. Therefore, the 
0.30-mile-Iong reach of intermittent stream does 
not meet two of the three criteria for establishing 
District jurisdiction, and the reach was not 
recommended for District jurisdiction in the 
policy plan. Only the perennial stream reach 
was studied under this system plan. 

Consideration was also given to the impacts of 
stormwater drainage improvements proposed by 
Milwaukee County for the Brown Deer Park golf 
course. As discussed below, stormwater runoff 
which flows through the golf course from the 
west frequently causes disruption to play on the 
course and damage to trees, with attendant 
monetary damages. Drainage improvements 
made to the golf course could have an impact on 
the flows of Brown Deer Park Creek. Accord
ingly, the proposed improvements were consid
ered in this study. 
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At present, that portion of the Brown Deer Park 
Creek subwatershed within the Cities of Milwau
kee and Glendale, with the exception of Brown 
Deer Park, is almost completely developed for 
urban use, including residential, commercial, 
industrial, governmental, institutional, recrea
tional, and urban open space uses. That portion 
of the subwatershed within the Villages of 
Brown Deer and River Hills was primarily in 
low-density residential and recreational uses, 
with other, less prevalent uses including wood
lands, open lands, and governmental and insti
tutional uses. The more intensely developed 
areas of the subwatershed are located in the 
upland areas. Those areas are generally pro
vided with a full range of municipal street 
improvements, including paved streets with 
curbs and gutters and attendant storm sewers. 
Accordingly, surface runoff is generally con
veyed rapidly from those areas to Brown Deer 
Park Creek. Runoff from the downstream areas 
in Brown Deer Park and the Villages of Brown 
Deer and River Hills generally reaches the 
stream through natural drainageways or road
side drainage ditches, which convey flow less 
rapidly than storm sewers. Specific data on 
pertinent characteristics of the subwatershed, 
such as hydrologic soil types, land slopes, and 
land use, appear in Chapter II of this report. The 
land use conditions utilized in the system 
planning assume that the subwatershed will be 
fully developed by the design year of the system 
plan, consistent with existing uses and with the 
regional land use plan. Existing open space uses, 
such as parks, will remain. 

As already noted, channel improvements, includ
ing lining with concrete and enclosure in 
culverts, have been made along the entire 0.30-
mile-long intermittent stream reach. The peren
nial stream is essentially in a natural state, 
although the 0.51-mile-Iong reach within the 
Brown Deer Park golf course was deepened by 
removing accumulated sediment in 1986. Prior to 
that channel deepening, three low-head wooden 
dams were maintained across the stream by 
Milwaukee County. Presently, only the upper
most dam is in place to create a pond to trap 
sediment entering the golf course. The County 
has preliminary plans to replace one remaining 
dam, to replace one of the two dams that have 
been removed, and to construct two additional 
dams at new sites. Thus, a total of four dams 
would exist on the golf course. In addition, a low-



head concrete dam spans the stream, creating a 
small pond in the reach downstream from Green 
Bay Road. 

Flooding and Related Drainage Problems 
The investigations of historical flood problems 
along Brown Deer Park Creek that were con
ducted under this system plan indicated few 
problems. This lack of any serious flooding 
problem can be attributed, in part, to the 
location of parkland, golf courses, and low
density residential property along all of the 
perennial stream reach. Overbank storage in 
Brown Deer Park attenuates peak flows from the 
upstream developed areas and reduces down
stream flooding impacts. It should be noted, 
however, that there is a storm water drainage 
problem on the Brown Deer Park golf course 
associated with frequent stormwater discharge 
from a culvert located about 600 feet north of 
Good Hope Road under the Wisconsin Central 
Railroad, which borders the golf course along 
the west side. Storm water discharge from this 
culvert flows overland across the golf course to 
Brown Deer Park Creek, and occupies surface 
depressions in the golf course terrain. The 
remaining standing water results in long-term 
disruption in play and damage to trees located 
in the flooded areas. 

The results of the hydrologic and hydraulic 
analyses indicate that during the 100-year 
recurrence interval flood under either existing or 
planned, year 2000, land use conditions, there 
should be no first floor flooding of any residen
tial, industrial, or commercial properties along 
Brown Deer Park Creek. There could be direct 
basement flooding at one residence along the 
stream between N. Green Bay Road and W. 
Bradley Road. There would be no direct base
ment or first floor flooding of any residential, 
industrial, or commercial properties along the 
stream under a 50-year recurrence interval flood 
and either existing or planned, year 2000, land 
use conditions. 

The total average annual flood losses-dam
ages-for Brown Deer Park Creek are estimated 
at $90 under both existing and planned, year 
2000, land use and existing channel conditions. 
Flood losses from a 100-year recurrence interval 
event are estimated at $7,400 under existing land 
use and channel conditions, and at $7,500 under 
planned, year 2000, land use and existing 
channel conditions. 

It should be noted that the flood control mea
sures considered under this system plan are 
primarily intended to alleviate flood damages 
from direct overland flooding along the stream 
studied, as well as to provide an adequate outlet 
for local storm sewers. These measures may help 
to reduce flooding due to localized stormwater 
drainage problems or sanitary sewer backups. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events that bridges 
shall accommodate without overtopping the 
related roadway. Based on those criteria, the 
bridges across Brown Deer Park Creek at N. 
Range Line Road, N. Green Bay Road, W. 
Bradley Road, and W. Good Hope Road should 
all be able to accommodate the 50-year recur
rence interval flood event under planned, year 
2000, land use conditions. As shown in Appen
dix C, the only bridges that presently meet this 
criterion are at N. Green Bay Road and W. Good 
Hope Road. Although the N. Green Bay Road 
bridge meets the hydraulic capacity criterion, it 
would cause about 1.3 feet of backwater during 
the 50-year flood under planned, year 2000, land 
use conditions. It may not be practical to achieve 
the required hydraulic capacity at the N. Brad
ley Road bridge, which is only 130 feet upstream 
of N. Green Bay Road, without some 
corresponding increase in capacity at N. Green 
Bay Road. It is recommended that when the N. 
Range Line Road and W. Bradley Road bridges 
are modified or replaced by local or state 
highway agencies as part of highway improve
ment programs, the crossings be designed to 
provide adequate hydraulic capacity in accor
dance with recommended standards. It is also 
recommended that, if possible, replacement of 
the N. Green Bay Road and W. Bradley Road 
bridges be coordinated to enable the practical 
attainment of adequate hydraulic capacity at W. 
Bradley Road. 

The location and design of all new bridges and 
culverts, as well as the design of replacements 
of or modifications to existing bridges or cul
verts, should be based upon the applicable 
objectives and standards as set forth in Chap
ter III of this report. Of particular importance is 
the standard requiring all new or replacement 
bridges and culverts to be designed to accommo
date the 100-year recurrence interval peak flood 
discharge under planned, year 2000, land use 
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Table 80 

FLOOD DISCHARGES FOR BROWN DEER PARK CREEK FOR EXISTING 
AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cfs) 

Existing Land Use, Year 2000 Planned Land Use, 
Existing Channel Conditions Existing Channel Conditions 

River 
Location Mile 10-Year 

Mouth at Milwaukee River ..... 0.00 350 
N. Range Line Road ......... 0.19 350 
Private Drive ............. 0.28 350 
Private Dam ............. 0.46 320 
N. Green Bay Road ......... 0.75 330 
W. Bradley Road . . . . . . . . . . . 0.78 330 
Brown Deer Park Drive 
(north) ................ 0.88 330 

Brown Deer Park .......... 1.27 330 
Brown Deer Park .......... 1.36 400 
Brown Deer Park Drive 
(south) ................ 1.44 480 

Brown Deer Park Golf 
Course Dam (middle) ....... 1.73 480 

Brown Deer Park Golf Course ... 1.81 510 
Brown Deer Park Golf 
Course Dam (south) ........ 1.86 530 

W. Good Hope Road . . . . . . . . . 1.95 550 

Source: SEWRPC. 

conditions without raIsmg the corresponding 
peak flood stage by 0.01 foot or more above the 
peak stage established in the adopted drainage 
and flood control system plan. This provision is 
intended to ensure that new, modified, 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. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for developing design 
flood discharges for Brown Deer Park Creek uses 
design rainfall events as input. The design 
rainfall events were developed using 10-, 50-, and 
100-year rainfall volumes obtained from the 
updated point rainfall depth-duration-frequency 
relationships developed by the Commission as 
described in Chapter III. The rainfall distribu
tion utilized for each design storm was the 
median distribution of a first-quartile storm, as 
shown in Chapter III. The design storm duration 
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50-Year 100-Year 10-Year 50-Year 100-Year 

520 560 360 520 580 
520 560 360 520 580 
550 640 360 560 650 
510 600 330 520 610 
530 640 340 550 650 
530 640 340 550 650 

540 640 340 550 650 
540 650 350 560 670 
640 760 420 670 790 

750 880 500 780 910 

700 810 510 730 850 
760 900 540 800 940 

810 950 560 840 990 
860 1,020 580 900 1,060 

was determined for a given recurrence interval 
by simulating the peak discharge at a given 
location for a range of storm durations. The 
storm duration and associated rainfall volume 
that produced the largest peak discharge at a 
given location for a given recurrence interval 
was selected as the design storm for that 
location. This analysis was conducted for both 
existing and planned land use and channel 
conditions at eight locations on the main stem 
of Brown Deer Park Creek. 

The estimated peak flood discharges under 
existing and planned, year 2000, land use 
conditions and existing channel conditions are 
set forth in Table 80. Upstream of the private 
drive at River Mile 0.28, there are some reaches 
where peak flood flows actually decrease in the 
downstream direction. Those decreases are due 
to the effects of overbank storage along the 
stream and to storage in the pond impounded by 
the private dam at River Mile 0.46. The effects 
of overbank storage are most pronounced in 
Brown Deer Park between River Miles 0.88 and 



1.95. The decreases in flows for the 50- and 100-
year recurrence interval floods at N. Range Line 
Road are due to some flow being diverted 
directly to the Milwaukee River by passing over 
a natural ridge located to the north of Brown 
Deer Park Creek and upstream of N. Range 
Line Road. 

Flood stage profiles were determined for the 10-, 
50-, and 100-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 1.95-mile-Iong reach of Brown Deer 
Park Creek studied, constitute a graphic repre
sentation of the flood stages along the stream 
under the specified recurrence interval flood 
discharges, and under planned land use and 
existing channel conditions. In addition to 
providing an overall representation of flood 
stages relative to familiar points of reference 
such as the channel bottom and bridge deck 
surfaces, the profiles, because they are continu
ous, permit the determination of flood stages at 
any point along the stream channel. The flood 
profiles are shown in Figure 61. Water surface 
profiles for the 10-, 50-, and 100-year recurrence 
interval floods were determined with and with
out the dams in Brown Deer Park. It was found 
that the dams would be completely submerged 
during such floods, and that the water surface 
profiles would be the same with or without the 
dams in place. 

The accuracy of the hydrologic and hydraulic 
models was checked using high-water marks 
along Brown Deer Park Creek from the flood of 
September 11, 1986. That is the only known 
large flood for which high-water-mark observa
tions were available. That flood was caused by 
heavy rains, with a peak intensity of 2.90 inches 
in four hours falling on saturated ground which 
had received 2.31 inches of rain in the preceding 
33 hours. The recorded rainfall amounts were 
input to the hydrologic model to simulate the 
resultant flood hydrographs along the stream. 
The peak flows from that simulation were then 
input to the hydraulic model and appropriate 
adjustments were made to approximate the 
September 11, 1986, flood profile based on the 
high-water marks. 

The extent of the 100-year recurrence interval 
floodplain under planned land use conditions is 
shown on Map 137. The flood hazard area in the 
reach from the mouth of the stream to W. 
Bradley Road (River Mile. 0.78) was delineated 

using large-scale topographic maps prepared in 
1970. The delineation of the flood hazard area in 
the reach from W. Bradley Road to Brown Deer 
Park Drive (south) was based on stream cross
section and hydraulic structure field surveys 
completed in 1987. The delineation of the flood 
hazard area in that reach is only approximate 
owing to the lack of large-scale topographic 
mapping. Upstream of Brown Deer Park Drive 
(south), the flood hazard area was delineated 
using large-scale topographic mapping obtained 
by Milwaukee County in 1987. 

Alternative Flood Control 
and Related Drainage System 
Plans for Brown Deer Park Creek 
As previously noted, anticipated flood damages 
along Brown Deer Park Creek are relatively 
minor, being limited to one existing home. 

In the preparation of this system plan, three 
alternative flood control plans were considered 
for alleviating the flood damage problem along 
Brown Deer Park Creek: 1) Alternative Plan 1-
no action; 2) Alternative Plan 2-structure 
floodproofing; and 3) Alternative Plan 3-culvert 
replacement. Each alternative is described below. 

Alternative Plan I-No Action: One alternative 
course of action that could be taken in response 
to the flood problem along Brown Deer Park 
Creek is to do nothing-that is, to recognize the 
inevitability of flooding but to decide not to 
mount a collective, coordinated program to abate 
the flood damages. Under planned, year 2000, 
land use and existing channel conditions, the 
average annual flood damages along this reach 
would approximate $90. There are no monetary 
benefits associated with this alternative, and the 
average annual cost would be equivalent to the 
average annual flood damage cost of $90. The 
estimated damages associated with the 100-year 
recurrence interval flood under planned, year 
2000, land use and existing channel conditions 
are $7,500. 

Alternative Plan 2-Structure Floodproofing: A 
structure floodproofing alternative flood control 
plan was analyzed to determine if such an 
approach would be a technically feasible and 
economically viable solution to the flood problem 
along Brown Deer Park Creek. For analytical 
purposes, the 100-year recurrence interval flood 
stage under planned, year 2000, land use and 
existing channel conditions was used to estimate 
the number of existing flood-prone structures to 
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be flood proofed, 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. As shown on Map 137, only one 
house-located northwest of the intersection of 
N. Green Bay Road and W. Bradley Road-may 
be expected to incur flood damage under these 
conditions. That house could be floodproofed to 
virtually eliminate future damage from floods up 
to and including the 100-year recurrence 
interval event. 

Assuming that this structure floodproofing 
measure would be fully implemented, and utiliz
ing 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 $290. This cost consists of the 
amortization of the $4,600 capital cost for 
floodproofing. The average annual flood damage 
abatement benefit was estimated at $90, yielding 
a benefit-cost ratio of 0.31. 

Alternative Plan 3-Culvert Replacement: This 
alternative plan consists of replacing the exist
ing 10-foot by 5-foot box culvert at N. Green Bay 
Road with a larger structure. The existing box 
culvert creates about 3.0 feet of backwater 
during the 100-year recurrence interval flood 
under planned, year 2000, land use conditions. 
Because the potentially flooded home is located 
only about 70 feet upstream of N. Green Bay 
Road, installation of a somewhat larger culvert 
without associated flood control measures would 
serve to adequately reduce flood levels, eliminat
ing all damages attendant to floods up to and 
including the 100-year recurrence interval event. 

The cost of the culvert replacement would be at 
least $25,000. 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 to be at least 
$1,600. This cost consists of the amortization of 
the capital cost for culvert replacement. The 
average annual flood abatement benefit is 
estimated at $90, resulting in a maximum 
benefit-cost ratio of 0.06. 

Evaluation of Flood Control 
Alternatives for Brown Deer Park Creek 
Excluding the no action alternative, all of the 
alternatives considered for Brown Deer Park 

Creek were found to be technically feasible. 
None of the alternatives were found to have a 
benefit-cost ratio of one or more. 

The no action alternative, while offering the 
lowest cost, does nothing to alleviate the existing 
flood problem, and therefore does not represent 
a sound, long-term approach to flood control. 

Alternative Plan 2-structure floodproofing
presents several problems in implementation. 
First, implementation of a voluntary structure 
floodproofing program may be difficult. Also, 
yard damages and cleanup costs would remain 
under the structure floodproofing and elevation 
alternative. In some instances, a structure 
floodproofing alternative may be a viable solu
tion to a flooding problem. Such would be the 
case where structure damages are relatively low 
and are limited to a few structures along a 
stream. Structural measures, such as cuI vert 
replacement, may not present an economical 
solution in those instances. 

The high cost of Alternative Plan 3-culvert 
replacement-relative to damages makes the 
alternative impractical. 

Consideration of the Problems 
Associated with Stormwater Runoff 
on the Brown Deer Park Golf Course 
As noted above, serious drainage problems 
frequently occur on the Brown Deer Park golf 
course owing to the discharge of storm water 
runoff from adjacent developed areas. Storm
water drainage from an area of approximately 
93 acres lying west of N. Teutonia Avenue and 
developed primarily for industrial use flows 
overland across the golf course, frequently 
inundating about an acre of the golf course, 
causing wet soil conditions, and limiting the use 
of the course. 

The attendance figures for Brown Deer Park golf 
course that were supplied by the County for the 
period 1981 through 1987 show an overall 
declining trend-from a high of 66,211 rounds 
played in 1981 to a low of 44,175 rounds played 
in 1987. The number of rounds played decreased 
every year in that period with the exception of 
1985, when 62,840 rounds were played. The 
County attributes the increased attendance in 
1985 to unusually good weather. The County 
ascribes the declining attendance to interrup
tions of golf course usage resulting from drain-
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age problems. Figures provided by the County 
indicate that the loss in revenue in 1987 as 
compared to 1985, when good weather minimized 
drainage-related problems, was approximately 
$113,000. By improving storm water drainage 
within the golf course, the County plans to 
increase attendance and revenue. 

As of February 1988, the County's proposal to 
alleviate the drainage problem called for imple
mentation of the measures shown on Map 138. 
Those measures include construction of a 1,650-
foot-long trapezoidal grassed swale which would 
run from the storm sewer outlet at the western 
boundary of the golf course to a point along 
Brown Deer Park Creek located about 320 feet 
downstream of W. Good Hope Road. The pro
posed swale would have a 10-foot bottom width 
and side slopes of one vertical on eight horizon
tal, or flatter. A pipe underdrain system would 
be installed along approximately the same 
alignment as the drainage swale. During fre
quent storm events, the underdrain would pass 
low flows from the developed area to the west of 
the golf course and would also collect runoff 
from areas draining to the swale. During larger 
storms, most runoff from the west and localized 
inflow to the swale would be conveyed by 
the swale. 

The swale would follow the alignment of the 
existing drainage channel for the first 750 feet 
west of the storm sewer outlet. Under existing 
conditions, flow beyond that point would travel 
overland in a generally northeasterly direction 
before reaching Brown Deer Park Creek. Some 
of that flow would fill depression areas, causing 
problems with standing water in the golf course. 
The County's proposed alternative route for the 
drainage swale beyond the first 750-foot reach is 
in a generally southeasterly direction to Brown 
Deer Park Creek. Storm water runoff from the 
area west of the golf course would therefore 
reach Brown Deer Park Creek at a location 
about 780 feet upstream of the existing runoff 
discharge point. 

Along the main channel of Brown Deer Park 
Creek running through the golf course, the 
County proposes to construct four dams and 
ponds at the locations shown on Map 138. The 
two middle ponds are comparable in size to those 
that existed with the previous system of dams. 
The farthest upstream and downstream ponds 
would be enlarged in comparison to the previous 

440 

Map 138 

MILWAUKEE COUNTY DRAINAGE 
ALTERNATIVE FOR BROWN DEER GOLF COURSE 

BRADLEY 

\ 
\ _--1 , 
\ 

0000 

LEGEND 

GRASSED ORAJNAGE SWALE 
WITH I.MI£RDRAIN 

CHANNEL DEEPENNG 

• POhO WITH DAM AT OUTLET 

RECONSTRUC TED CI1AHHEL WITH 
r.L.TERNAT1NG POOLS AN) Rl'F'LES 

o 'ARIGATION POND 

Source: SEWRPC. 

RO. 

t 

ponds. The levels of the ponds would be con
trolled by box inlet drop spillway structures 
which would essentially consist of removable 
timber stop logs set in reinforced concrete 
sidewalls, as shown in Figure 62. The sidewalls 
would form a discharge chute for flow over the 
stop logs and, in the case of the two southern
most dams, would support bridges. The provi
sion of individual, removable stop logs would 
give the County the ability to lower pond levels, 
which would increase the hydraulic head on 
submerged drain outlets and facilitate drainage 
of the golf course following frequent storms. 

The County's plan calls for the reaches of the 
stream between the ponds to be reconstructed as 
a series of alternating deep pool and shallow 
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riffle sections. Stream bank side slopes would 
range from one horizontal on three vertical to 
one horizontal on eight vertical. The stream 
banks and bottom in the riffle sections would be 
lined with rip-rap. 

At the present time there are nine bridges 
crossing the stream within the golf course. The 
County's plan calls for three of these bridges to 
be removed and for the remaining six to be 
reconstructed, with two of the reconstructed 
bridges being part of the box drop inlet spillways 
at pond outlets. . 

The County also proposes to provide subsurface 
pipe drains for removal of surface runoff which 
collects in depressions within the floodplain of 
Brown Deer Park Creek. These drains would be 
intended to function during frequent storm 
events, and their outlets would be located above 
the normal streamwater surface. In addition, the 
County plans limited filling and/or regrading of 
depressions within the 100-year recurrence 
interval floodplain. 

An irrigation pond is proposed to be located off 
the main stream channel, as shown on Map 138. 
The pond is not intended to be an integral 
component of the golf course drainage system, 
and it is not expected to have an impact on flood 
flows and stages in Brown Deer Park Creek. 

None of the elements of the County's proposed 
drainage and channel modifications would be 
expected to have a significant effect on down
stream 100-year recurrence interval flows and 
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stages. At the peak of the 100-year recurrence 
interval flood, the realigned portion of the 
drainage swale would be completely inundated 
by overbank flooding from the main channel of 
Brown Deer Park Creek; therefore, runoff from 
the west would combine with runoff in the main 
channel at approximately the same location as 
it would at the present time. Reconstruction of 
the main channel should not significantly alter 
the 100-year recurrence interval water surface 
profile through the golf course if narrower riffle 
sections are located at the inlets to all ponds, as 
well as being interspersed throughout each reach 
between ponds. During the 100-year recurrence 
interval flood, the spillways at the pond outlets 
would be completely submerged and would not 
significantly affect the water surface profile. 
Most of the 100-year recurrence interval flood 
flow is carried in the broad floodplain areas 
adjacent to the stream; therefore, the effect ofthe 
obstructions caused by the pedestrian and golf 
cart bridges located along the stream would be 
minor, and the proposed bridge removal and/or 
replacement would not be expected to have a 
significant hydraulic effect. Because none of the 
elements of the county proposal, as heretofore 
described, would be expected to significantly 
alter the 100-year recurrence interval flood 
profile through the golf course, the overbank 
volume available for floodwater storage should 
remain about the same under proposed condi
tions as under existing conditions. 

In addition to asking the Commission staff to 
review the County's proposal for drainage modi
fications within the Brown Deer Park golf course, 
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the County asked that the Commission review 
the impacts of removing accumulated sediment 
from the streambed of Brown Deer Park Creek in 
the reach within Brown Deer Park to the north 
of the golf course. As shown in Figure 61, the 
streambed elevation abruptly rises about one foot 
at Brown Deer Park Drive (south) at the north 
end of the golf course. According to the County, 
this sediment removal would be undertaken 
primarily to improve drainage of the golf course, 
rather than the remainder of the park. Increasing 
the hydraulic capacity of the channel through 
sediment removal downstream of the golf course 
would enable the golf course to drain more 
quickly following major storm events, when the 
capacity of the subsurface drains would be 
exceeded. As shown in Table 80, floodwater 
storage along the reach of the stream in Brown 
Deer Park between River Miles 0.88 and 1.44 
causes a significant reduction in peak flood 
flows. Lowering the streambed would lower the 
flood profile, reducing the amount of available 
floodwater storage volume on parklands and 
thereby increasing downstream flows and stages. 

The hydraulic and hydrologic simulation models 
developed for this study were used to estimate 
the amount of compensatory floodplain storage 
volume that would have to be provided to offset 
the loss of volume due to lowering the 
streambed, and to prevent an increase in flood 
flows and stages downstream of Brown Deer 
Park. Based upon discussions with county 
personnel, it was assumed that natural vegeta
tion would be permitted to grow in the channel 
once the streambed had been lowered. It was 
determined that approximately 3.5 acre-feet of 
compensatory storage volume must be provided 
within the 100-year floodplain to offset the loss 
of volume due to lowered flood stages. The 
County indicated that the compensatory volume 
could best be provided within the golf course as 
part of the proposed regrading. Therefore, if the 
streambed is lowered in Brown Deer Park 
downstream of the golf course, a net additional 
floodplain storage volume of 3.5 acre-feet must 
be provided in Brown Deer golf course. If 
significant areas of the floodplain of the golf 
course are filled during landscaping operations, 
additional equivalent compensatory storage 
volume will have to be provided. 

The County's proposal as described herein is 
preliminary. If the proposal is significantly 
revised, the revised plan will have to again be, 
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reviewed and the downstream impacts deter
mined to assure consistency with the overall 
drainage and flood control system plan 
for Brown Deer Park Creek as presented in 
this report. 

Recommended Flood Control 
System for Brown Deer Park Creek 
Based upon consideration of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
is recommended that Alternative Plan 2-struc
ture floodproofing-be adopted for Brown Deer 
Park Creek. It is also recommended that Milwau
kee County's conceptual plan for drainage 
improvements and channel modifications for 
Brown Deer Park be adopted with the condition 
that about 3.5 acre-feet of compensatory flood
plain storage be provided in the Brown Deer golf 
course if the stream channel is lowered down
stream of the golf course. 

The capital cost of the structure floodproofing 
element of the recommended drainage and flood 
control plan is estimated at $4,600 in 1986 
dollars. The County has budgeted a total of 
$834,000 for the proposed drainage and channel 
modification measures. This amount does not 
include costs for an irrigation system and pond, 
which are not integral parts of the planned 
drainage improvements. The proposed drainage 
improvements should have no significant impact 
on flood flows and stages along Brown Deer 
Park Creek. 

Implementation of the recommended plan, 
which consists of the floodproofing of one house 
and various drainage improvements and chan
nel modifications in Brown Deer Park, would 
essentially eliminate all flood related damages to 
existing structures along the Brown Deer Park 
Creek channel for floods up to and including the 
100-year recurrence interval event under planned 
land use conditions, and would resolve the 
stormwater drainage problems in the southwest 
corner of the Brown Deer Park golf course 
during more frequent events. 

In addition to structure floodproofing, drainage 
improvements, and channel modification, it is 
recommended that new large-scale topographic 
maps be prepared for the southeast one-quarter 
of U. S. Public Land Survey Section 12, and the 
northeast and southeast one-quarters of Sec
tion 13, Township 8 North, Range 21 East. The 



southeast one-quarter of Section 12 includes the 
only developed area along the portion of Brown 
Deer Park Creek recommended for District 
jurisdiction in the policy plan, and it also 
includes a portion of Southbranch Creek, which 
is also being studied under this system plan. The 
maps in Section 13 cover an area of Brown Deer 
Park for which there is no large-scale mapping 
and an area for which there is no large-scale 
mapping referred to National Geodetic Vertical 
Datum. It is recommended that the maps be 
prepared upon completion of the proposed drain
age improvements and channel modifications. 
Since the new maps would serve multiple pur
poses, none of the attendant costs have been 
assigned to the flood control plan. 

It is recommended that when the bridges at N. 
Range Line Road and W. Bradley Road are 
replaced for transportation purposes, they be 
designed so as to accommodate the 50-year and 
10-year recurrence interval flows, respectively, 
without overtopping the attendant roadways. 
With respect to W. Bradley Road, it may be 
necessary also to increase the hydraulic capacity 
of the N. Green Bay Road bridge in order to 
achieve this standard for roadway overtopping. 

Flood Control and Related Drainage 
System Plan Implementation 
The recommended drainage and flood control 
system plan for Brown Deer Park Creek consists 
of structure floodproofing of one house and 
drainage improvements and channel modifica
tions on the Brown Deer Park golf course. 
Structure floodproofing measures would be 
undertaken by the property owner directly 
affected. It is recommended, however, that the 
professional services required to prepare plans 
for flood proofing of the house be made available, 
at no cost, to the property owner by the Village 
of Brown Deer through its engineering depart
ment. Also, it is recommended that the Village 
of Brown Deer review its building ordinance to 
ensure that appropriate flood proofing regula
tions are included, and that the Village explore, 
on behalf of the property owner involved, any 
available state and/or federal aids for such 
floodproofing measures. 

It is further recommended that Milwaukee 
County implement the drainage improvement 
and channel modification alternative for Brown 
Deer Park. Finally, it is recommended that the 
Milwaukee Metropolitan Sewerage District pre
pare new large-scale topographic maps for the 

southeast one-quarter of Section 12, and the 
northeast and southeast one-quarters of Sec
tion 13, Township 8 North, Range 21 East. 

SOUTHBRANCH CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Southbranch Creek has not been studied under 
any previous Commission planning program. 
Detailed analyses of flood flows and stages were 
conducted by the Federal Emergency Manage
ment Agency (FEMA) along that portion of the 
creek through the Village of Brown Deer as part 
of the federal flood insurance study for that 
village. Those flood flows and stages were later 
revised under a flood control study conducted for 
the Village of Brown Deer.3 The hydrologic and 
hydraulic analyses conducted under this system 
planning effort represent a further refinement of 
the earlier studies. 

Overview of the Study Area 
Southbranch Creek is a tributary of the Milwau
kee River. The Southbranch Creek subwatershed 
is located largely within the City of Milwaukee 
and the Village of Brown Deer, with a small 
portion located within the Village of River Hills. 
From its origin at a storm sewer outfall along 
W. Bradley Road at about N. 59th Street, 
Southbranch Creek flows in a generally north
easterly direction for approximately 1.53 miles, 
and drains an area of about 2.95 square miles 
(see Map 139). Of this total drainage area, 1.30 
square miles, or about 44 percent, lie within the 
City of Milwaukee; 1.59 square miles, or about 
54 percent, lie within the Village of Brown Deer; 
and 0.06 square mile, or about 2 percent, lies 
within the Village of River Hills. 

More specifically, from its origin at the storm 
sewer outfall located along W. Bradley Road at 
about N. 59th Street, Southbranch Creek flows 
in a generally northeasterly direction to W. Dean 
Road at N. Teutonia Avenue, thence northerly 
for a distance of about 0.10 mile to N. Teutonia 
Avenue, and thence northeasterly to its conflu-

3Carl C. Crane, Inc., Southbranch Creek Drain
age Study, Village of Brown Deer, Wisconsin, 
March 1983. 
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ence with the Milwaukee River. The entire 1.53-
mile reach described is classified as intermittent. 
This reach is recommended for District jurisdic
tion in the policy plan companion to this 
system plan. 

Analyses were also made under this study of 
alternative storm water drainage measures for a 
tributary of Southbranch Creek that drains the 
northwest portion of the subwatershed and 
enters the South branch Creek main channel at 
N. 54th Street. This tributary was not recom
mended for District jurisdiction. However, the 
drainage problems along this tributary warrant 
that remedial action be considered. Since such 
action could have an impact on flood flows and 
stages along Southbranch Creek, it was neces
sary to consider it in this analysis. 

In 1985, the Southbranch Creek subwatershed 
was almost completely developed for urban use, 
including residential, commercial, industrial, 
institutional, and urban open space uses. All of 
the developed areas of this subwatershed except 
the residential areas in the Villages of Brown 
Deer and River Hills are provided with a full 
range of municipal street improvements, includ-
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ing paved streets with curbs and gutters and 
attendant storm sewers. The residential areas of 
Brown Deer and River Hills are served by 
roadside drainage ditches. Accordingly, surface 
runoff from much of the subwatershed is effec
tively conveyed from most individual sites to 
South branch Creek through storm sewers. 

Information on pertinent characteristics of the 
subwatershed, such as hydrologic · soil types, 
land slopes, and land use, is provided in Chap
ter II of this report. The planned land use 
conditions utilized in the system planning 
assume that the watershed will be fully urban
ized by the design year of the system plan. 
However, some existing open space uses, pri
marily parks, will remain. Channel improve
ments have been made along the entire 1.37-mile 
stream length through the Village of Brown 
Deer. The channel has been physically altered 
by deepening and straightening, and in some 
reaches lining with concrete. Some minor chan
nel modifications may have been made in the 
past along the 0.16-mile reach through the 
Village of River Hills, although the stream 
appears generally to be in a "natural" state. 

Flooding and Related Drainage Problems 
The investigations of historical flood problems 
along Southbranch Creek conducted under this 
system planning effort revealed flooding prob
lems within the Village of Brown Deer along the 
reach between N. 47th Street and N. 55th Street, 
with the most severe problems occurring along 
the reach between N. 47th Street and N. 51st 
Street. As a result of the storms of September 10 
and 11, 1986, about 25 complaints of flooding 
were reported to the Village Engineer. At least 
10 of these incidents could be attributed to direct 
overland flooding from the creek. Four incidents 
of collapsed basement walls were reported in this 
area. In addition to the flooding problems along 
the main stem of Southbranch Creek, flooding 
and drainage problems have occurred along the 
north tributary due to overland flooding and 
storm sewer surcharging. Reported problems 
include flooding at Dean Elementary School at 
N. 55th Street and W. Dean Avenue, as well as 
overland flooding due to storm sewer surcharg
ing in the area between N. 60th Street and the 
village limits at N. 68th Street. This overland 
flooding was responsible for a collapsed base
ment wall at a home located at 8387 N. Grand
view Drive during the September 10 and 11, 
1986, storm event. The locations of reported 



flooding and drainage problems within the 
Southbranch Creek subwatershed during 1986 
are shown on Map 140. 

It should be noted that the analyses conducted 
confirmed that these flooding problems are not 
related to stages on the Milwaukee River at the 
confluence with South branch Creek or to the 
operation of the Estabrook Park Dam. Flood 
stages in the areas along Southbranch Creek 
where damages occurred are generally over 30 
vertical feet higher than flood stages on the 
Milwaukee River at its confluence with South
branch Creek, and are 50 feet higher than the 
flood stages at the Milwaukee River at the 
Estabrook Park Dam. The impacts of the Mil
waukee River on flood stages of Southbranch 
Creek are limited to the first 0.2-mile reach of the 
creek downstream of Green Bay Court. 

The results of the hydrologic and hydraulic 
analyses indicate that the following number of 
existing residences may be expected to experi
ence direct flooding along South branch Creek 
under existing and planned land use conditions 
and existing channel conditions: 

ApprOlCimat& Number of Appro)(imate Number of 
Flood Event Existing Homes Flooded ElCisling Homes Flooded 
Recurrence ExiSting Land Use and Planned Land Use and 

Interval Exisfing Channel Conditions Existing Channel Conditions 

100 20 22 
50 lB 21 
10 4 20 

All of the homes that may be expected to incur 
direct flood damages are located within the 
Village of Brown Deer. No industrial or commer
cial properties are expected to experience direct 
damages for floods up to and including the 100-
year recurrence interval event under either 
existing or planned land use conditions. Addi
tional homes and industrial and commercial 
properties may, however, experience indirect 
flood damages through sanitary sewer backup. 
It should be noted that the flood control mea
sures considered under this system plan are 
primarily intended to alleviate flood damages 
from direct overland flooding along the stream 
studied, as well as to provide an adequate outlet 
for local storm sewers. These measures may help 
to reduce flooding due to localized storm water 
drainage problems or sanitary sewer backups. 

The total average annual flood losses-dam
ages-for South branch Creek are estimated at 
$12,200 under existing land use and channel 
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conditions, and at $42,500 under planned land 
use and existing channel conditions. Flood 
losses from a 100-year recurrence interval event 
are estimated at $163,000 under existing land 
use and channel conditions, and at $191,000 
under planned land use and existing channel 
conditions. 

The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
the related roadway. Based on those criteria, five 
bridges are considered hydraulically inadequate, 
as shown in Appendix C. These bridges are 
located at N. Green Bay Court, N. 47th Street, 
N. 51st Street, N. 54th Street, and N. 55th Street. 

Flood Discharges and Stages 
As noted in Chapter III of this report, the 
hydrologic model used for developing design 
flood discharges for South branch Creek uses 
design rainfall events as input. The design 
rainfall events were developed using 10-, 50-, and 
100-year rainfall volumes obtained from the 
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Table 81 

FLOOD DISCHARGES FOR SOUTH BRANCH CREEK FOR EXISTING 
AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cfs) 

Existing Land Use, Year 2000 Planned Land Use, 
Existing Channel Conditions Existing Channel Conditions 

River 
Location Mile 10-Year 

Mouth at Milwaukee River ...... 0.00 900 
Private Drive .............. 0.11 900 
N. Green Bay Court ........... 0.16 900 
N. Green Bay Road ........... 0.23 900 
N. Teutonia Avenue .......... 0.35 890 
550 Feet Downstream 
of W. Dean Road ........... 0.37 830 

W. Dean Road . . . . . . . . . . . . . . 0.47 640 
650 Feet Downstream 
of N. 47th Street ............ 0.63 640 

600 Feet Downstream 
of N. 47th Street ............ 0.64 630 

N. 47th Street .............. 0.75 630 
300 Feet Downstream 
of N. 51 st Street ............ 0.95 630 

250 Feet Downstream 
of N. 51 st Street ............ 0.96 540 

N. 51st Street .............. 1.01 540 
Upstream of N. 51 st Street ...... 1.02 530 
N. 54th Street . . . . . . . . . . . . . . 1.17 520 
300 Feet Downstream 
of N. 55th Street . . . . . . . . . . . . 1.28 520 

N. 55th Street . . . . . . . . . . . . . . 1.34 500 

Source: SEWRPC. 

updated point rainfall depth-duration-frequency 
relationships developed by the Commission as 
discussed in Chapter III. The rainfall distribu
tion utilized for each design storm was the 
median distribution of a first-quartile storm, as 
shown in Chapter III. The design storm duration 
was determined for a given recurrence interval 
by simulating the peak discharge at a given 
location for a range of storm durations. The 
storm duration and associated rainfall volume 
which produced the largest peak discharge at a 
given location for a given recurrence interval 
was selected as the design storm for that 
location. This analysis was conducted for both 
existing and planned land use and channel 
conditions at 17 locations on the main stem of 
Southbranch Creek. 

The estimated peak flood discharges under 
existing and planned, year 2000, land use 
conditions and existing channel conditions are 
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50-Year 100-Year 10-Year 50-Year 100-Year 

1,290 lA30 1,050 1,570 1,690 
1,290 lA30 1,050 1,570 1,690 
1,290 lA30 1,050 1,570 1,690 
1,290 lA30 1,050 1,570 1,690 
1,220 1,340 1,130 1,500 1,580 

1,140 1,250 1,060 lA20 lA90 
950 1,050 870 1,170 1,240 

920 1,020 870 1,140 1,200 

900 980 870 1,120 1,170 
900 980 870 1,120 1,170 

870 950 870 1,090 1,130 

760 830 770 970 1,010 
760 830 770 970 1,010 
720 780 770 930 960 
660 710 740 850 860 

640 680 740 830 840 
620 660 720 810 820 

set forth in Table 81. These flows were developed 
assuming two different outlet conditions at the 
City of Milwaukee storm sewer outfall located at 
W. Bradley Road at the upstream end of the 
study reach. At the present time, flow from a 
10-foot-wide by 5-foot-high reinforced concrete 
box culvert storm sewer under W. Bradley Road 
is forced through an 88-inch by 55-inch rein
forced concrete pipe arch outlet with an adverse 
slope. Flow through that pipe arch is combined 
with flow from a 72-inch reinforced concrete pipe 
from the south and passed through a 96-inch by 
72-inch corrugated steel pipe arch under Bradley 
Road. The layout of those storm sewers is shown 
on Map 141. Detailed design plans prepared by 
the City of Milwaukee call for the replacement 
of the 96-inch by 72-inch outlet pipe with a 
20-foot-wide by 9-foot-high reinforced concrete 
box culvert. This work is expected to proceed as 
part of the W. Bradley Road repaving scheduled 
for 1988. The invert of this box culvert would be 
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placed 4.0 feet below the existing invert of 
Southbranch Creek at this location, thus reduc
ing the effective capacity of this culvert until 
such time that development conditions in the 
City of Milwaukee require the full use of the 
culvert capacity. Utilizing the full capacity of 
this culvert will require a lowering of the 
Southbranch Creek invert along the 0.19-mile
long reach between N. 55th Street and W. 
Bradley Road. 

For purposes of this system planning effort, 
existing land use condition discharges were 
developed assuming the new box culvert under 
W. Bradley Road to be in place but with the out
let partially blocked by the existing downstream 
channel bed. Planned land use discharges were 
developed assuming the full capacity of this 
culvert would be available. Based upon review of 
the existing and planned storm sewer and utility 
systems in the vicinity of W. Bradley Road and 
Southbranch Creek, it was concluded that this 

lower invert elevation would be needed to 
provide proper drainage of the area and to avoid 
other utility conflicts. The details of this 
crossing under existing and planned channel 
conditions are shown in Figure 63. This culvert 
construction and the attendant channel modifi
cations extending about 0.19 mile downstream of 
W. Bradley Road are necessary to resolve base
ment flooding and drainage problems and to 
accommodate utility conflicts upstream of W. 
Bradley .Road, and do not serve to abate direct 
overland flooding from Southbranch Creek, as 
no structure flood damages are expected along 
this reach. Flood stage profiles were determined 
for the 10-, 50-, and 100-year recurrence interval 
runoff events under planned land use and 
existing channel conditions. These profiles, 
which encompass the full 1.53-mile-long reach of 
Southbranch Creek studied, constitute a graphic 
representation of the flood stages along South
branch Creek under the specified recurrence 
interval flood discharges, and under planned 
land use and existing channel conditions. In 
addition to providing an overall representation 
of flood stages relative to familiar points of 
reference such as the channel bottom and bridge 
deck surfaces, the profiles, because they are 
continuous, permit the determination of flood 
stages at any point along the stream channeL 
The flood profiles are shown in Figure 64. 

The accuracy of the hydrologic and hydraulic 
models were checked using high-water marks 
along Southbranch Creek from the flood of 
September 11, 1986. High-water marks were 
available for the two crest stage gages located 
on the head and end walls of the N. Green Bay 
Court bridge which are operated by the District, 
as well as from field observations made by the 
Brown Deer Village Engineer. That flood was 
caused by heavy rains, with a peak intensity of 
2.90 inches in four hours falling on saturated 
ground which had received 2.31 inches of rain in 
the preceding 33 hours. The recorded rainfall 
amounts were input to the hydrologic model to 
simulate the resultant flood hydrographs along 
the stream. The peak flows from that simulation 
were then used as input to the hydraulic model 
and appropriate adjustments made to approxi
mate the September 11, 1986, flood profile based 
on the recorded high-water marks. 

The extent of the 100-year recurrence interval 
floodplain under planned land use conditions is 
shown on Map 142. The flood hazard area in the 
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Figure 63 

DETAILS OF W. BRADLEY ROAD CROSSING 
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reach from the mouth of the stream to N. 
Teutonia Avenue (River Mile 0.35) was deline
ated using large-scale topographic maps pre
pared in 1970. The remaining flood hazard area 
was delineated using large-scale topographic 
maps prepared in 1964. 

Alternative Flood Control and Related 
Drainage System Plans for the North 
Tributary to Southbranch Creek 
As previously noted, measures will need to be 
designed to alleviate the storm water drainage 
and flooding problems along the north tributary 
to Southbranch Creek. Since those measures 
could have a significant impact on flood flows 
and stages along South branch Creek, analyses 
of alternative storm water drainage and flood 
control measures for the north tributary were 
conducted under this system planning effort. 

From its origin at a storm sewer outfall at W. 
Dean Road extended in the City of Milwaukee 
between N. 72nd Street extended and N. 68th 
Street extended, the north tributary flows in a 
generally easterly direction for approximately 
1.35 miles, and drains an area of about 0.73 
square mile. Of this total drainage area, 0.26 
square mile, or about 36 percent, lies in the City 
of Milwaukee, and 0.47 square mile, or about 
64 percent, lies in the Village of Brown Deer. 
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More specifically, from its ongm at the stonn 
sewer outfall at W. Dean Road extended, the 
north tributary flows for about 1,400 feet in a 
generally easterly direction to N. 68th Street 
extended. At that point, which is the boundary 
between the City of Milwaukee and the Village 
of Brown Deer, the stream enters a 60-inch
diameter storm sewer. The stonn sewer runs 
about 2,300 feet in a generally easterly direction, 
changing in diameter from 60 inches to 42 
inches, thence to 48 inches, and finally to a 
65-inch by 40-inch pipe arch. The pipe arch runs 
south of, and parallel to, W. Dean Road, and 
terminates about 770 feet west of the intersection 
of W. Dean Road and N. 60th Street. From the 
outlet of the pipe arch, the stream flows in a 940-
foot-long roadside ditch which runs to the east 
and then the south. At the end of the ditch, the 
stream passes under N. 60th Street through a 
series of corrugated steel pipe arch culverts 
which run in a generally southeasterly direction. 
The pipe arches consist of 60 feet of a double 
50-inch by 31-inch culvert, followed by 60 feet of 
a double 58-inch by 36-inch culvert, followed by 
about 80 feet of parallel 64-inch by 43-inch and 
7l-inch by 47-inch culverts. From the culvert 
outlets, the stream enters an open channel which 
flows in a generally southeasterly direction for 
about 1,390 feet to N. 55th Street. At N. 55th 
Street, the stream enters a 900-foot-Iong, 48-inch
diameter culvert pipe which runs in a generally 
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southeasterly direction through a residential 
area. The culvert discharges to Southbranch 
Creek immediately downstream of N. 54th Street. 

Under planned land use and existing storm 
sewer and stream channel conditions, the extent, 
severity, and frequency of overland flooding due 
to inadequate storm sewer and stream channel 
capacity could increase significantly over exist
ing conditions, affecting additional residences, 
and the Dean Elementary School to a greater 
degree. Increased flooding would affect primarily 
homes located south of W. Dean Road between 
N. 68th Street extended and 60th Street, and 
between 55th Street and 53rd Street south of W. 
Nokomis Road and north of Southbranch Creek. 

In preparation of this system plan, three alter
native flood control plans were considered for 
alleviating the stormwater drainage and flood
ing problems along the north tributary to 
Southbranch Creek: 1) Alternative Plan A
channel modification, enclosure and construc
tion, storm sewer replacement, and culvert 
replacement; 2) Alternative Plan B-channel 
modification, enclosure and construction, culvert 
replacement, storm sewer construction, and 
detention storage; and 3) Alternative Plan C
channel modification, enclosure and construc
tion, culvert replacement, and storm sewer 
construction with maximum detention storage. 
Each alternative is described below. The eco
nomic costs attendant to each alternative are 
provided in Table 82. The 100-year recurrence 
interval flood discharges and stages along the 
north tributary under the alternative plans are 
compared in Table 83. 

Alternative Plan A-Channel Modification, 
Enclosure and Construction, Storm Sewer 
Replacement, and Culvert Replacement: This 
alternative system for the resolution of the 
stormwater drainage and flooding problems 
along the north tributary is shown on Map 143, 
and consists of replacing the existing 3,440-foot
long trunk storm sewer-channel-culvert system 
between N. 68th Street extended and N. 60th 
Street with one 2,330-foot-Iong, 14-foot by 6-foot 
concrete box culvert followed by five parallel 
91-inch by 58-inch elliptical concrete pipes 
running 1,110 feet to the east side of N. 60th 
Street. Elliptical pipes would be required to 
maintain adequate cover. The existing storm
water drainage system of roadside ditches in the 
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Village of Brown Deer between N. 68th Street 
and N. 60th Street would be retained and 
connected to the new trunk sewer. 

The existing streambed between N. 60th Street 
and N. 55th Street would be lowered by about 1.0 
foot to 2.5 feet, the channel bottom would be 
widened to 20 feet, and the channel side slopes 
would be set at one vertical on three horizontal. 
A narrow low-flow channel would be provided to 
limit the width of the stream under normal flow 
conditions. The streambed and channel side 
slopes would remain grassed. A trapezoidal, 
concrete-lined channel with a 15-foot bottom 
width and one vertical on three horizontal side 
slopes would be constructed along the west side 
of N. 55th Street between the existing channel 
and Southbranch Creek. The channel would be 
lined with concrete to an elevation two feet 
above the 100-year recurrence interval flood 
level. A pedestrian bridge would be provided 
across the concrete-lined channel to maintain 
the existing access to Brown Deer High School 
from the east. The existing 900-foot-Iong, 
48-inch-diameter storm sewer from N. 55th Street 
to Southbranch Creek would be retained to 
provide discharge capacity in excess of the new 
channel capacity. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
up to and including the 100-year recurrence 
interval event. 

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 $303,000. This cost consists of the 
amortization of the $4,740,000 capital cost
$4,110,000 for storm sewer and culvert replace
ment and ditch enclosure, $40,000 for channel 
modification, $535,000 for channel construction, 
and $55,000 for pedestrian bridge construction
and $2,000 in annual operation and mainte
nance costs. 

Alternative Plan B-Channel Modification, 
Enclosure and Construction, Culvert Replace
ment, Storm Sewer Construction, and Detention 
Storage: This drainage and flood control alterna
tive is shown on Map 144, and calls for provid
ing a 26.5-acre-foot detention pond on open land 
in the City of Milwaukee to the west of N. 68th 
Street extended. The existing trunk storm sewer 
in the Village of Brown Deer south of W. Dean 



Table 82 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVE FOR THE NORTH 
TRIBUTARY TO SOUTH BRANCH CREEK IN THE VILLAGE OF BROWN DEER 

Costs 

Annual 

Amortized Operation and 
Alternative Description Capital Capitala Maintenance 

A. Channel Modification, Construct 1,1 OO-foot-Iong concrete 
Enclosure, and lined channel · ............... $ 535,000 
Construction, and Modify existing grass-lined channel .... 40,000 
Storm Sewer and Replace existing storm sewers 
Culvert Replacement and culverts and enclose 

roadside ditch · ............... 4,110,000 
Construct one pedestrian bridge · ..... 55,000 

Subtotal $4,740,000 $301,000 $ 2,000 

B. Channel Modification, Construct 1,1 OO-foot-Iong grass-
Enclosure, and lined channel · ............... $ 135,000 
Construction, Storm Modify existing grass-lined 
Sewer Construction, channel .................... 40,000 
and Detention Replace culverts, enclose roadside 
Storage ditch, and construct an additional 

trunk storm sewer ............. 800,000 
Provide one detention pond ......... 520,000 
Construct one pedestrian bridge · ..... 55,000 

Subtotal $1,550,000 $ 98,000 $13,000 

C. Channel Modification, Construct 1,1 OO-foot-Iong grass-
Enclosure, and lined channel · ............... $ 110,000 
Culvert Replacement, Modify existing grass-lined channel .... 15,000 
and Storm Sewer Con- Replace culverts, enclose roadside 
struction with Maxi- ditch and construct an additional 
mum Detention Storage trunk storm sewer ............. 800,000 

Provide two detention ponds ........ 980,000 
Construct one pedestrian bridge · ..... 45,000 

Subtotal $1,950,000 $124,000 $25,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

Total 

$303,000 

$111,000 

$149,000 

Road between N. 68th Street extended and N. 
60th Street would be retained and would serve 
as an outlet for the detention pond. An additional 
2,140-foot-Iong, 42-inch-diameter reinforced con
crete storm sewer would be constructed parallel 
to the existing storm sewer, beginning at N. 
Edge 0' Woods Drive, which is the first street 
east of N. 68th Street extended. At the outlet of 
the existing trunk storm sewer line, that line and 
the new 42-inch sewer would enter a 780-foot
long, 8-foot by 4-foot concrete box which would 

be followed by a 370-foot-long, 10-foot by 4-foot 
concrete box, running to the east side of N. 60th 
Street. The existing streambed between N. 60th 
Street and N. 55th Street would be lowered by 
about 1.0 to 2.5 feet, the channel bottom would 
be widened to 20 feet, and the channel side 
slopes would be set at one vertical on three 
horizontal. A narrow, low-flow channel would be 
provided to limit the width of the stream under 
normal flow conditions. The streambed and 
channel side slopes would remain grassed. A 
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Table 83 

IMPACT OF STORMWATER DRAINAGE AND FLOOD CONTROL PLANS FOR THE NORTH TRIBUTARY 
TO SOUTHBRANCH CREEK ON 100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGES AND STAGES 

1 ()(). Year Recurrence Interval Flood Dlscharges l00-Year Recurrence Interval Stage 
Vea' 2000 Planned land Usa (cis) Ile.tNGVD) 

Existing Change Change Change 

Percent Percent Percent North in Stage in Stage in Stage 

Existing Change Change Change Tributary from from from 
River Channel from from from Channel Existing Existing Existing 

Location Mila Conditions Alternative A Existing Alternative B Existing Alternative C Existing Conditions Alternative A 11081) Alternative B (100') Alternative C (feet) 

Mouth at 
b,c 676.6c,d b,c 676.6c,d b,c 

Southbranch Creek •••• O.DD 70 720 1,030 330 470 170 240 676.Sb 676.6c,d .. .. .. 

N, 55th Stroot ........ 0.17 70 720 1,030 330 470 170 240 679.7 676.7 -3.0 676.9 -2.S 677.2 -2.5 

N, 60th Stroat . . . . . . . . 0.43 720 720 0 260 -64 260 -65 679.7 678.0 -1.7 677.3 -2.4 677.3 -2.4 

N. 68th StrOOl Extendad 
Outlet to Recommended 
Detention Pond ..... . 1.09 720 720 0 70 -90 70 -90 .. .. .. 705.5 .. 705.5 .. 

Inlet to Recommended 

68th Street 
Detention Pond .. , ... .. a 720 720 0 720 0 720 0 .. .. .. 705.5 .. 705.5 .. 

• Exact 10000tmn dependent on fine' design. 

b Under flllisting conditions; the mouth of thfl north ,ributary is located immediately downstream of N. 54th Str""r. 

t: Under planned conditions with Ah"rnative B or C# the mouth 01 the north tributsry would be locat"d immedist"ly upstream of N. 55th Str"e' 

dNorth tributllfY Ahernstives B and C sssume that measures are implemented along Southbranch Creek to limit peak srllfle at the confluence of rhe tributary and Southbranch Creek to approximate elevation 
01676.6 f •• 'Bbov. NGVD. 

Source: SEWRPC. 

trapezoidal, grass-lined channel with a lO-foot 
bottom width and one vertical on three horizon
tal side slopes would be constructed along the 
west side of N. 55th Street between the existing 
channel and Southbranch Creek. A pedestrian 
bridge would be provided across the new channel 
to maintain the existing access to Brown Deer 
High School from the east. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
up to and including the 100-year recurrence 
interval event. 

Utilizing an annual interest rate of 6 percent 
and an amortization period and project life of 
50 years, the average annual cost of this alter
native is estimated at $111,000. This cost con
sists of the amortization of the $1,550,000 capital 
cost-$520,000 for the detention pond; $800,000 
for storm sewer construction, culvert replace
ment, and ditch enclosure; $40,000 for channel 
modification; $135,000 for channel construction; 
and $55,000 for pedestrian bridge construction
and $13,000 in annual operation and mainte
nance costs. 
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Alternative Plan C-Channel Modification, 
Enclosure and Construction, Culvert Replace
ment, and Storm Sewer Construction with 
Maximum Detention Storage: This alternative is 
shown on Map 145, and consists of the same 
measures as called for under Alternative B 
through the 10-foot by 4-foot box culvert 
terminating on the east side of N. 60th Street. 
East of N. 60th Street, the first 500 feet of the 
existing streambed would be lowered by 1.5 to 
2.5 feet, the channel bottom would be widened to 
20 feet, and the channel side slopes would be set 
at one vertical on three horizontal. A narrow, 
low-flow channel would be provided to limit the 
width of the stream under normal flow condi
tions. The streambed and channel side slopes 
would remain grassed. 

That channel would discharge to a 28-acre-foot 
detention pond located on village school prop
erty which is presently open land. The existing 
48-inch pipe running from N. 55th Street to 
Southbranch Creek would be retained and would 
serve as the pond outlet. A backwater gate would 
be provided at the outlet of the 48-inch pipe to 
prevent backwater from Southbranch Creek 
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from partially filling the detention pond and 
reducing the available storage volume. In addi
tion to the 48-inch outlet, the detention pond 
would have a grass-lined overflow spillway 
which would function during major flood events. 
The overflow spillway would discharge to a 
grassed channel with a five-foot bottom width 
and one horizontal to three vertical side slopes. 
The channel would be constructed along the 
west side of N. 55th Street between the detention 
pond and Southbranch Creek. A pedestrian 
bridge would be provided across the spillway 
discharge channel to maintain the existing 
access to Brown Deer High School from the east. 

The detention pond at N , 55th Street would drain 
completely between major storms and would 
normally be dry, with base flows being passed 
by a low-flow channel running through the 
pond. The pond would not encroach on existing 
athletic fields or playgrounds, and, because the 
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pond area would normally be dry, the existing 
open land between Brown Deer High School, 
Brown Deer Middle School, and Dean Elemen
tary School would be preserved. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
up to and including the 100-year recurrence 
interval event. 

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 $149,000. This cost consists of the 
amortization of the $1,950,000 capital cost
$980,000 for detention ponds; $800,000 for storm 
sewer construction, culvert replacement, and 
ditch enclosure; $15,000 for channel modification; 
$110,000 for channel construction; and $45,000 
for pedestrian bridge construction-and $25,000 
in annual operation and maintenance costs. 
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Evaluation of Flood Control Alternatives 
for the North Tributary to Southbranch Creek 
The principal features and costs associated with 
each of the storm water and floodland manage
ment alternatives considered for the north 
tributary to Southbranch Creek are summarized 
in Table 82. All of the alternatives are techni
cally feasible. 

Because of the high cost of Alternative A-chan
nel modification, enclosure and construction, 
storm sewer replacement, and culvert replace
ment-relative to Alternatives B and C, and 
because this alternative offers no beneficial 
reduction of flows entering South branch Creek, 
Alternative A was rejected. 

The impacts of north tributary Alternatives B 
and C on 100-year recurrence interval flood 
discharges and stages in the existing South-
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branch Creek channel are shown in Table 84. 
Implementation of the north tributary alterna
tives would require structural measures along 
Southbranch Creek to reduce the 100-year recur
rence interval flood stage at the confluence of 
the tributary and Southbranch Creek upstream 
of N. 55th Street to an elevation at which there 
would be no flooding along the tributary due to 
backwater from Southbranch Creek. Such mea
sures are included in the alternative plans for 
Southbranch Creek discussed in a later section 
of this chapter. 

Under Alternative B, the 100-year recurrence 
interval flood-flows along Southbranch Creek 
downstream of the new mouth of the tributary 
at River Mile 1.35 would be less than the 
corresponding flows under Alternative A, but 
greater than the flows under existing channel 
conditions. This is because under existing 
channel conditions, the 48-inch-diameter outlet 
at N. 55th Street restricts the flow in the 
tributary, causing ponding upstream of N. 55th 
Street. The hydraulic restriction and resultant 
ponding reduce downstream flows, but also 
create upstream flooding problems. Under Alter
native B, the channel modification measures 
along the north tributary in conjunction with 
upstream measures would decrease flood stages 
and essentially eliminate overland flooding 
along the tributary. However, because the 
implementation of Alternative B would increase 
lOO-year recurrence interval flows along South
branch Creek downstream of the existing mouth 
of the tributary, adoption of Alternative B would 
necessitate making appropriate legal arrange
ments with property owners in downstream 
areas where no structure flooding would be 
expected and no flood control measures would be 
required, but where increased flows would result 
in increased stages. Alternative B has the lowest 
average annual cost of the three alternatives 
considered. 

As shown in Table 84, under Alternative C, the 
100-year recurrence interval flood-flows along 
Southbranch Creek downstream of the existing 
mouth of the tributary at about River Mile 1.17 
are somewhat less than the corresponding flows 
under existing channel and planned land use 
conditions. This flow reduction occurs because of 
the effects of the additional detention pond at N. 
55th Street. Although the average annual cost of 
Alternative C is greater than that of Alternative 
B, the implementation of Alternative C would 
reduce the cost of the flood control measures 



Table 84 

IMPACT OF STORMWATER DRAINAGE AND FLOOD CONTROL PLANS FOR 
THE NORTH TRIBUTARY TO SOUTHBRANCH CREEK ON 100-YEAR RECURRENCE 
INTERVAL FLOOD DISCHARGES AND STAGES ALONG SOUTHBRANCH CREEKa 

l00·Year Recurrence Interval Flood Discharges 100-Year Recurrence Interval Stage 

Year 2000 Planned Land Use (cfs) (IeeINGVO) 

Existing North North Tributary North Tributary Existing North North Tributary Change North Tributary Change 

Tributary and Alternative B Percent Alternative C Percent Tributary and Alternative 8 in Stage Alternative C in Siage 
Southbranch Creek Existing Change Existing Change Southbranch Creek Existing from Existing from 

River Channel Southbranch Creek from Southbranch Creek from Channel Southbranch Creek Existing Southbranch Creek Existing 

Location Mile Conditions Channel Existing Channel E,usting Conditions Channel (Ieel) Channel (feel) 

Mouths. 
Milwaukee River . . . .. 0.00 1.690 1.890 12 1.640 -3 645.3 645.5 0.2 645.3 0.0 

Private Drive • • • • • . •• 0.11 1.690 1.890 12 1.640 -3 649.2 649.6 0.4 649.1 -0.1 
N. Green Bay Court ••.• 0.16 1.690 1.890 12 1.640 -3 651.9 652.2 0.3 651.9 0.0 
N. Green Bay Road .... 0.23 1.690 1.890 12 1.640 -3 654.5 664.8 0.3 654.5 0.0 
N. Teutonia Avenue •••• 0.35 1_580 1.820 15 1.530 -3 655.5 655.8 0.3 655.5 0.0 
650 Feet Downstream 

of W. Oeen Road . . ... 0.37 1.490 1.740 17 1.440 -3 655.8 656.2 0.4 655.8 0.0 
W. Dean Road • . • . • •• 0.47 1.240 1.480 20 1.190 -4 657.0 657.7 0.7 656.8 -0.2 
650 Feet Downstream 

01 N. 471h Streel ..... 0.63 1.200 1.480 22 1.180 -3 659.6 680.0 0.4 659.5 -0.1 
600 Feet Downstream 

of N. 47th Street .•.•. 0.64 1.170 1.420 21 1.120 -4 659.9 680.4 0.5 659.8 -0.1 
N. 471h Streel ....... 0.75 1.170 1.420 21 1.120 -4 666.7 667.4 0.7 666.6 -0.1 
300 Feet Downstream 

of N. 618t Street ..... 0.95 1.130 1.380 20 1.080 -4 674.7 675.0 0.3 674.6 -0.1 
250 Feet Downstream 
of N. 61st Street ..... 0.98 1.010 1.240 23 980 -5 674.7 675.1 0.4 674.6 -0.1 

N. 51st Street ....... 1.01 1.010 1.240 23 980 -5 674.7 675.1 0.4 674.6 -0.1 
Upstream 0' 
N. 51st Street ..... 1.02 980 1.210 26 920 -4 678.8 677.1 0.3 676.7 -0.1 

N. 54lh Streel ...... 1.17 880 1.180 37 880 0 676.8 677.1 0.3 676.7 -0.1 
320 Feet Downstream 

01 N. 551h Streel ..... 1.28 840 1.160 38 840 0 677.8 678.2 0.4 677.8 0.0 
Southbranch Creek 

at N. 55th Street .•..• 1.34 820 1.140 39 820 0 680.0 680.3 0.3 680.0 0.0 
320 Feet Upstream 

of N. 551h Streel . . . . . 1.41 820 820 0 820 0 681.4 682.0 0.6 681.4 0.0 

-ThiS table illustrates the itnpllct of the north tributaryahernstives on flows end steges in the existing Southbranch Creek channel Implementation of the north tributary alternatives would require structural 
measures along Southbranch Creek to reduce the 100·year fecurfence interval flood stage at the confluence of the tributafY and Southbfanch Creek to an elevation at which thefe would be no flooding along 
the tributafY due to backwatef from Southbranch Cfeek. 

SOUfce: SEWRPC. 

required along the main stem of Southbranch 
Creek in comparison to Alternative B. Also, the 
implementation of Alternative C would not 
increase 100-year recurrence interval flood levels 
in downstream areas where there would be no 
structure flooding. 

As already noted, the alternative implemented 
for the north tributary will affect flood flows and 
possible flood control measures along South
branch Creek. Therefore, the recommended 
alternative for the north tributary can best be 
selected in conjunction with the selection of a 
flood control plan for Southbranch Creek. 
Therefore, the recommended alternative for the 
tributary was chosen as a component of the 
recommended plan for Southbranch Creek as 
presented below. 

Alternative Flood Control 
and Related Drainage System 
Plans for South branch Creek 
In preparation of this system plan, four alterna
tive flood control plans were considered for 
alleviating the flood damage problems along 
Southbranch Creek: 1) Alternative Plan 1-no 
action; 2) Alternative Plan 2-combination of 
culvert replacement and channel modification; 
3) Alternative Plan 3-combination of maximum 
storage, culvert replacement, and channel 
modification; and 4) Alternative Plan 4-combi
nation of culvert replacement and channel 
modification with additional detention storage 
on the north tributary. Each alternative is 
described below. The economic benefits and 
costs attendant to each alternative are provided 
in Table 85. 
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Table 85 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES 
FOR SOUTH BRANCH CREEK IN THE VILLAGE OF BROWN DEER 

Costs Benefit-Cost Analysis 

Annual 
Annual Benefits 

Minus Benefit- Ratio 
Amortized Operation and Annual Annual Cost Greater 

Alternative Description Capital Capitala Maintenance Other Total Benefits Costs Ratio than One 

1. No Action -- $ 0 $ 0 $ 0 $27,250 $ 27,250 $ 0 $-27,250 -- No 

2. Combination of Replace culverts at 
Culvert Replace- five road crossings $ 498,000 
ment and Channel 0.78 mile of 
Modification channel modification 618,000 

Subtotal $1,116,000 $70,900 $ 1,600 $ 0 $ 72,500 $27,250 $-45,250 0.38 No 

3. Combination of Construct one deten-
Maximum Storage, tion basin $ 260,000 
Culvert Replace- Decentralized storage 179,000 
ment, and Channel Replace culverts at 
Modification four road crossings 335,000 

0.78 mile of channel 
modification 530,000 

Subtotal $1,304,000 $82,700 $22,800 $ 0 $105,500 $27,250 $-78,250 0.26 No 

4. Combination of Replace culverts 
Culvert Replace- at four road crossings $ 335,000 
ment and Channel 0.78 mile of channel 
Modification, with modification 530,000 
Additional Storage Construct one deten-
on the North tion basin 4OO,oooa 
Tributary 

Subtotal $1,265,000 $80,300 $13,400 $ 0 $ 93,700 $27,250 $-66,450 0.29 No 

a'ncrementa' cost for providing 55th Street detention pond called for in north tributary Alternative C, as opposed to channelization called for in north tributary Alternative B. 

Source:'SEWRPC. 

Each of the alternative flood control plans, with 
the exception of the no action alternative, was 
evaluated assuming that flood control measures 
would be implemented along the north tributary. 
In addition to solving the flood damage prob
lems along Southbranch Creek, these flood 
control alternatives were designed to provide an 
adequate outlet for the north tributary. Under 
Alternative Plans 2 and 3, it was assumed that 
Alternative Plan B-channel modification, 
enclosure and construction, culvert replacement, 
storm sewer construction, and detention stor
age-would be implemented on the north tribu
tary. Alternative Plan B was selected since it 
has the lowest cost of the three alternatives for 
the north tributary. Alternative Plan 4 was 
evaluated assuming that Alternative Plan C
channel modification, enclosure and con
struction, culvert replacement, storm sewer 
construction, and maximum detention storage-
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would be implemented along the north tributary. 
As previously noted, Alternative Plan C for the 
north tributary would cost about $38,000 per 
year more to implement than Alternative Plan 
B. Therefore, in order to have a consistent basis 
for comparing the costs of flood control alterna
tives on Southbranch Creek, this additional 
$38,000 per year was included in the cost of 
Alternative Plan 4. 

Alternative Plan I-No Action: One alternative 
course of action that could be taken in response 
to the flood problem along Southbranch Creek is 
to do nothing-that is, to recognize the inevita
bility of extensive flooding but to deliberately 
decide not to mount a collective, coordinated 
program to abate the flood damages. Under 
existing land use and existing channel condi
tions, the average annual flood damages along 
the creek would approximate $12,200. Under 



Map 146 

ALTERNATIVE PLAN 2: COMBINATION OF CULVERT REPLACEMENT 
AND CHANNEL MODIFICATION ALONG SOUTH BRANCH CREEK 
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planned , year 2000, land use and existing 
channel conditions, the average annual flood 
damages along the creek would approximate 
$42,500. There are no monetary benefits asso
ciated with this alternative, and the average 
annual cost would be equivalent to the average 
of the existing and planned land use average 
annual flood damage costs, or $27,250. 
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Alternative Plan 2-Combination of Culvert 
Replacement and Channel Modification: This 
alternative system for the resolution of the flood 
problem along Southbranch Creek is shown on 
Map 146. The alternative would be implemented 
in conjunction with Alternative B for the north 
tributary. The plan consists of replacing the 
existing culverts at W. Dean Road, N. 47th 
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Street, N. 51st Street, N. 54th Street, and N. 55th 
Street. At W. Dean Road, the two existing eight
foot-diameter corrugated metal pipes would be 
replaced by two 8-foot-wide by 8-foot-high rein
forced concrete box culverts. At N. 47th Street, 
the existing 10-foot-wide by 7-foot-high corru
gated metal pipe arch would be replaced with 
two reinforced concrete box culverts, each being 
10 feet wide by 8 feet high. At N. 51st Street, the 
existing 9-foot-wide by 6-foot-high corrugated 
metal pipe arch would be replaced with two 
8-foot-wide by 8-foot-high reinforced concrete box 
culverts. At N. 54th Street, the existing six-foot
diameter corrugated metal pipe would also be 
replaced with two 8-foot-wide by 8-foot-high 
reinforced concrete box culverts. At N. 55th 
Street, the existing five-foot-diameter corrugated 
metal pipe would be replaced by three 10-foot
wide by 6-foot-high reinforced concrete box 
culverts. The relatively large concrete boxes at 
N. 55th Street are required to limit the 100-year 
flood stage immediately west of 55th Street to an 
elevation that will not cause flooding along the 
north tributary following construction of the 
bypass channel along the west side of 55th 
Street. 

In addition to the culvert replacement, the 
existing streambed would need to be lowered 
from about 0.7 foot to 4.0 feet along the 0.78-mile 
reach between N. 47th Street and W. Bradley 
Road. Between N. 47th Street and N. 51st Street, 
the channel would have a bottom width of 10 
feet and side slopes of one on three. The channel 
invert in that reach would be concrete lined, 
while the sides would have a turf lining. Along 
the 0.16-mile-Iong reach between N. 51st Street 
and N. 54th Street, the channel would have a 
10-foot-wide, concrete-lined bottom and grassed 
sides with a slope of one vertical on two horizon
tal. The channel side slopes would be lined with 
rip-rap up to the 10-year recurrence interval flood 
level to protect against erosion due to excessive 
velocities. 

For the first 480 feet upstream of N. 54th Street, 
the channel would have a 10-foot-wide, concrete
lined bottom and concrete-lined sides with a 
slope of one vertical on two horizontal. The 
concrete lining would extend to an elevation two 
feet above the 100-year recurrence interval flood 
stage under planned land use conditions. In the 
next 275 feet of channel length, the bottom 
would gradually widen to 31 feet and the side 
slopes would steepen to one on one. The channel 
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invert and side slopes would be paved with 
concrete. The next 100 feet of channel up to N. 
55th Street would have a 3l-foot bottom width 
and one on one side slopes, and would be 
completely concrete-lined. The concrete channel 
lining is required to sufficiently lower the 100-
year recurrence interval water surface profile to 
prevent flooding in the reach, to lower the 
tailwater elevation at N. 55th Street so the 
culverts under the street can pass the 100-year 
recurrence interval flood without causing flood
ing along the north tributary, and to prevent 
erosion due to excessive velocities. 

The channel between W. Bradley Road and N. 
55th Street would be lowered from one to four 
feet and would be rip-rap lined up to the 10-year 
recurrence interval flood level. These latter 
channel improvements are needed to accommo
date the W. Bradley Road culvert modifications 
planned by the City of Milwaukee to resolve 
upstream drainage and utility conflict problems, 
and to accommodate the new culverts that would 
be installed at N. 55th Street under this 
alternative. 

All channel modifications in the 0.78-mile-Iong 
reach between N. 47th Street and W. Bradley 
Road could be contained within the limits of the 
existing drainage easement. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
up to and including the 100-year recurrence 
interval event. 

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 $72,500. This cost consists of the 
amortization of the $1,116,000 capital cost
$498,000 for culvert replacement and $618,000 
for channel modification-and $1,600 in annual 
operation and maintenance costs. The average 
annual flood abatement benefit is estimated at 
$27,250, resulting in a benefit-cost ratio of 0.38. 

Alternative Plan 3-Combination of Maximum 
Storage, Culvert Replacement, and Channel 
Modification: This flood control alternative is 
shown on Map 147, and consists of providing 
both decentralized and centralized storage in 
that portion of the subwatershed located in the 
City of Milwaukee which drains to the storm 
sewer outfall located at W. Bradley Road at 
about N. 59th Street. Within this 0.94-square-
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mile drainage basin, all new development would 
be required to have storage facilities that would 
limit the amount of storm water runoff to exist
ing land use levels. For cost-estimating purposes, 
it was assumed that three detention basins, each 
handling runoff from about 80 acres and being 
about two to three acres in size, would be 
required. In addition to the onsite, or decentral
ized, storage, this alternative calls for the 
construction of a 12-acre-foot detention reservoir 
on the Thoreau School property located on the 
southeast corner of the intersection of N. 60th 
Street and W. Bradley Road. The outlet for this 
reservoir would be the storm sewer outfall 
located under W. Bradley Road. 

In order to minimize the 100-year recurrence 
interval outflow from the pond, it was assumed 
that the width of the planned 20-foot by 9-foot 
storm sewer outfall under W. Bradley Road 
would be reduced to 15 feet. Both the culvert 
invert and the 0.19-mile reach of channel down
stream of W. Bradley Road would be lowered 
under planned conditions. 

In addition to the provision of storm water 
storage facilities, this alternative calls for the 
replacement of the existing culverts at N. 47th 
Street, N. 51st Street, N. 54th Street, and N. 55th 
Street. At N. 47th Street, the existing 10-foot
wide by 7-foot-high corrugated metal pipe arch 
would be replaced with two 8-foot-wide by 8-foot
high reinforced concrete box culverts. At N. 51st 
Street, the existing 9-foot-wide by 6-foot-high 
corrugated metal pipe arch would be replaced 
with two 8-foot-wide by 6-foot-high reinforced 
concrete box culverts. At N. 54th Street, the 
existing six-foot-diameter corrugated metal pipe 
would also be replaced with two 8-foot-wide by 
6-foot-high reinforced concrete box culverts. At 
N. 55th Street, the existing five-foot-diameter 
corrugated metal pipe would be replaced with 
three 10-foot-wide by 6-foot-high reinforced 
concrete box culverts. The relatively large 
culverts at N. 55th Street are required to limit 
the 100-year recurrence interval flood stage 
immediately west of N. 55th Street to an eleva
tion that will not cause flooding along the north 
tributary following construction of the bypass 
channel along the west side of 55th Street. 

Finally, this alternative plan calls for channel 
modifications along the 0.78-mile reach between 
N. 47th Street and W. Bradley Road. Between N. 
47th Street and N. 51st Street, the existing 

460 

streambed would be lowered by about 0.7 foot to 
2.9 feet, and the resulting channel would have 
a bottom width of 10 feet and side slopes of one 
on three. The channel invert would be concrete 
lined, and the side slopes would have a turf 
lining. Between N. 51st Street and a point 620 
feet upstream of N. 54th Street, the existing 
streambed would be lowered by about 0.7 foot to 
2.9 feet, and the resulting channel would have 
a 10-foot-wide bottom with a concrete lining and 
grassed sides with a slope of one on two. The 
channel side slopes would be lined with rip-rap 
up to the 10-year recurrence interval flood level 
to protect against erosion due to excessive 
velocities. The following 235 feet of channel 
extending up to N. 55th Street would be lowered 
0.4 foot to 0.7 foot, and the resulting channel 
would have a 10-foot-wide concrete-lined bottom 
and concrete-lined side slopes of one on two. The 
concrete lining would extend to an elevation two 
feet above the 100-year recurrence interval flood 
stage under planned land use conditions. The 
concrete channel lining in this reach is required 
to sufficiently lower the tailwater elevation at N. 
55th Street so the culverts under the street can 
pass the 100-year recurrence interval flood 
without causing flooding along the north tribu
tary, and also to prevent erosion due to excessive 
velocities. Between N. 55th Street and W. Brad
ley Road, the existing streambed would be 
lowered by one to four feet, with the resulting 
channel having a four-foot bottom width and 
side slopes of one on two. The channel would be 
lined with rip-rap up to the lO-year recurrence 
interval flood level. The channel modifications 
in this last reach are needed to accommodate the 
W. Bradley Road storm sewer outlet modifica
tions planned by the City of Milwaukee to 
resolve upstream drainage and utility conflict 
problems, and to accommodate the proposed 
culverts at N. 55th Street. All channel modifica
tions along the 0.78-mile-Iong reach between N. 
47th Street and W. Bradley Road would be 
contained within the limits of the existing 
drainage easement. 

Implementation of this alternative would essen
tially eliminate all damages attendant to floods 
up to and including the 100-year recurrence 
interval event. 

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 $105,500. This cost consists of the 



amortization of the $1,304,000 capital cost
$260,000 for centralized storage, $179,000 for 
decentralized storage, $335,000 for culvert 
replacement, and $530,000 for channel modifica
tion-and $22,800 in annual operation and 
maintenance costs. The average annual flood 
abatement benefit is estimated at $27,250, 
resulting in a benefit-cost ratio of 0.26. 

Alternative Plan 4-Combination of Culvert 
Replacement and Channel Modification with 
Additional Storage on the North Tributary: This 
alternative system for the resolution of the flood 
problem along Southbranch Creek is shown on 
Map 148. The alternative would be implemented 
in conjunction with Alternative C for the north 
tributary. The plan consists of replacing the 
existing culverts at N. 47th Street, N. 51st Street, 
N. 54th Street, and N. 55th Street. At N. 47th 
Street, the existing 10-foot-wide by 7-foot-high 
corrugated metal pipe arch would be replaced 
with two reinforced concrete box culverts, each 
being 8 feet wide by 8 feet high. At N. 51st 
Street, the existing 9-foot-wide by 6-foot-high 
corrugated metal pipe arch would be replaced 
with two 8-foot-wide by 6-foot-high reinforced 
concrete box culverts. At N. 54th Street, the 
existing six-foot-diameter corrugated metal pipe 
would also be replaced with two 8-foot-wide by 
6-foot-high reinforced concrete box culverts. At 
N. 55th Street, the existing five-foot-diameter 
corrugated metal pipe would be replaced by three 
10-foot-wide by 6-foot-high reinforced concrete 
box culverts. The relatively large concrete boxes 
at N. 55th Street are required to limit the 100-
year flood stage immediately west of 55th Street 
to an elevation that will not cause flooding along 
the north tributary following construction of the 
channel along the west side of 55th Street. 

Under this alternative, the existing streambed 
would need to be lowered by 0.7 foot to 4.5 feet 
along the 0.78-mile reach between N. 47th Street 
and W. Bradley Road. Between N. 47th Street 
and N. 51st Street, the channel would have a 
bottom width of 10 feet and side slopes of one 
on three. The channel invert in that reach would 
be concrete lined, and the sides would have a 
turf lining. 

Along the 0.16-mile-Iong reach between N. 51st 
Street and N. 54th Street, the channel would 
have a 10-foot-wide bottom with a concrete 
lining and grassed sides with a slope of one 
vertical on two horizontal. The channel side 

slopes would be lined with rip-rap up to the'10-
year recurrence interval flood level to protect 
against erosion due to excessive velocities. For 
the first 620 feet upstream of N. 54th Street, the 
channel would have a 10-foot-wide concrete-lined 
bottom and side slopes of one vertical on two 
horizontal, with rip-rap lining up to the lO-year 
recurrence interval flood leveL The following 235 
feet of channel up to N. 55th Street would have 
a 10-foot-wide, concrete-lined bottom and 
concrete-lined sides with slopes of one vertical on 
two horizontal. The concrete lining would extend 
to an elevation two feet above the 100-year 
recurrence interval flood stage under planned 
land use conditions. The concrete channel lining 
is required to sufficiently lower the tailwater 
elevation at N. 55th Street so the culverts under 
the street can pass the 100-year recurrence 
interval flood without causing flooding along the 
north tributary, and to prevent erosion due to 
excessive velocities. 

The channel between W. Bradley Road and N. 
55th Street would be lowered by one to four feet 
and would be rip-rap lined up to the 10-year 
recurrence interval flood leveL The resulting 
channel would have a four-foot bottom width 
and side slopes of one on two. These channel 
improvements are needed to accommodate the 
W. Bradley Road culvert modifications planned 
by the City of Milwaukee to resolve upstream 
drainage and utility conflict problems, and to 
accommodate the new culverts that would be 
installed at N. 55th Street under this alternative. 

All channel modifications in the 0.78-mile-Iong 
reach between N. 47th Street and W. Bradley 
Road could be contained within the limits of the 
existing drainage easement. 

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 $93,700. This cost consists of the 
amortization of the $1,265,000 capital cost
$335,000 for culvert replacement, $530,000 for 
channel modification, and $400,000 for detention 
storage-and $13,400 in annual operation and 
maintenance costs. The detention storage cost is 
for provision of a detention basin on the north 
tributary at N. 55th Street. That basin is a 
component of north tributary Alternative C, but 
not north tributary Alternative B, which was 
assumed to be implemented for Southbranch 
Creek Alternatives 2 and 3. The incremental cost 
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Map 148 

ALTERNATIVE PLAN 4: COMBINATION OF CULVERT REPLACEMENT AND CHANNEL 
MODIFICATION WITH ADDITIONAL STORAGE ON NORTH TRIBUTARY TO SOUTHBRANCH CREEK 
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for the additional detention basin is assigned to 
Alternative 4 to provide a consistent basis for 
comparison with the other alternatives. The 
average annua l flood abatement benefit is 
estimated at $27,250, resulting in a benefit-cost 
ratio of 0.29. 
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The principal features of, and the cost and 
benefits associated with, each of the floodland 
management alternatives considered for South
branch Creek are summarized in Table 85. 



Excluding the no action alternative, all of the 
alternatives were found to be technically feasi
ble. None of the alternatives produced a benefit
cost ratio of one or more. Part of the reason for 
the high costs of these alternatives is that they 
contain measures that are required to obtain an 
adequate outlet for the north tributary, in 
addition to measures required solely to eliminate 
flood damages along Southbranch Creek. The no 
action alternative, while offering the lowest cost, 
does nothing to alleviate the existing flood 
problem and does not represent a sound 
approach to flood control. 

Implementation of Alternative Plan 2-combina
tion of culvert replacement and channel modi
fication-would serve to eliminate structure 
flooding up to a 100-year recurrence interval 
event while yielding the highest benefit-cost 
ratio of the alternatives considered. However, 
this alternative has two features that may not 
be desirable. First, the flood flows that would 
result are higher than those that would be 
experienced under existing channel conditions. 
This is primarily because the flood control 
measures to be carried out on the north tributary 
would result in a loss of floodwater storage. 
Under this alternative, these higher flood flows 
would produce stage increases of 0.2 foot to 0.5 
foot downstream of W. Dean Road under a 100-
year recurrence interval event. These increases 
would occur in both the Village of Brown Deer 
and the Village of River Hills. Accordingly, 
appropriate legal arrangements would have to 
be made with all property owners affected by the 
stage increase. The second less desirable feature 
is the more extensive concrete lining that would 
be required along the channel side slopes 
between N. 54th and N. 55th Streets. This would 
result in a less aesthetically appealing channel 
for the property owners along this reach. 

Alternative Plan 3-combination of maximum 
storage, culvert replacement, and channel modi
fication-has the highest cost of the flood 
control alternatives considered. This alternative 
would also produce higher flood flows than 
would be expected under existing channel condi
tions, although they would be less than under 
Alternative Plan 2. These higher flows would 
result in stage increases of up to 0.3 foot between 
W. Dean Road and N. 47th Street in the Village 
of Brown Deer. These higher stages should, 
however, be contained within the existing 
drainage easement. In addition, implementation 
of the decentralized storage element of this 
alternative may be a problem. A stable, long
term commitment to a decentralized storage 

policy by the local units of government is 
uncertain. It is also unlikely that a decentralized 
storage policy could, as a practical matter, be 
applied to every increment of urban land devel
opment within that subbasin. Finally, one 
desirable aspect of Alternative Plan 3 is that 
sediment removal within the detention basins 
may be expected to provide some water quality 
benefits. 

Alternative Plan 4-combination of culvert 
replacement and channel modification with 
additional detention storage on the north tribu
tary-while costing more than Alternative 2, has 
several benefits over that alternative. First, 
implementation of this alternative may be 
expected to result in a small decrease in flood 
flows in comparison to those that would be 
expected under existing channel conditions. 
Therefore, opposition to the plan by the Village 
of River Hills is less likely. Second, construction 
of a second detention basin on the north tribu
tary would provide some added water quality 
benefits due to sediment removal. Finally, less 
concrete lining would be employed along the 
channel side slope than under Alternative Plan 
2, thereby resulting in a more visually appealing 
channel for the adjoining property owners. 

Recommended Flood Control 
System for Southbranch Creek 
Based upon consideration of the technical 
feasibility, economic viability, environmental 
impacts, potential public acceptance, and prac
ticality of each of the alternatives considered, it 
is recommended that Alternative Plan 4-combi
nation of culvert replacement and channel 
modification with additional storage on the 
north tributary-be adopted for Southbranch 
Creek; and that Alternative Plan C-channel 
modification, enclosure, and construction, cul
vert replacement, storm sewer construction, and 
maximum detention storage-be adopted for the 
north tributary of Southbranch Creek. 

The total capital cost of the recommended flood 
control plan is estimated at $2,815,000 in 1986 
dollars. Annual operation and maintenance 
costs are estimated at $27,000. For Southbranch 
Creek alone, the total capital cost is estimated 
at $1,265,000, while the annual operation and 
maintenance cost is estimated at $14,000, yield
ing a benefit-cost ratio of 0.29. The recommended 
plan is shown graphically on Map 149. 

The peak flood profile that would be attendant 
to planned land use and planned channel 
conditions is shown in Figure 65. 
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Figure 65 
RECOMMENDED PLAN FLOOD STAGE PROFILE FOR SOUTHBRANCH CREEK 
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Implementation of the recommended plan would 
essentially eliminate all flood-related damages to 
existing structures along South branch Creek 
and the north tributary of Southbranch Creek 
for floods up to and including the lOa-year 
recurrence interval event under planned land use 
conditions. 

The recommended plan for Southbranch Creek 
consists of replacing the existing culverts at N. 
47th Street, N. 51st Street, N. 54th Street, and 
N. 55th Street. The number and sizes of the 
replacement culverts would be as follows: 1) two 
8-foot-wide by 8-foot-high reinforced concrete box 
culverts at N. 47th Street; 2) two 8-foot-wide by 
6-foot-high reinforced concrete box culverts at N. 
51st Street; 3) two 8-foot-wide by 6-foot-high 
reinforced concrete box culverts at N. 54th 
Street; and 4) three 10-foot-wide by 6-foot-high 
reinforced concrete box culverts at N. 55th 
Street. Channel modifications would also be 
required along the 0.78-mile-Iong reach between 
N. 47th Street and W. Bradley Road. Within this 
reach, the existing streambed would be lowered 
by 0.7 foot to 4.0 feet. Between N. 47th Street and 
N. 51st Street, the channel would have a bottom 
width of 10 feet and side slopes of one on three. 
The channel invert would have a concrete lining,. 
while the side slopes would be turf lined. 
Between N. 51st Street and a point located about 
620 feet upstream of N. 54th Street, the channel 
would have a bottom width of 10 feet and side 
slopes of one on two. The channel invert would 
be concrete lined, and the side slopes would be 
lined with rip-rap up to the la-year recurrence 
interval flood level and with turf above that. 
Along the next 235 feet up to N. 55th Street, the 
channel would have a bottom width of 10 feet 
and side slopes of one on two. Within this reach, 
the channel would be concrete lined to an 
elevation two feet above the lOa-year recurrence 
interval flood stage. Finally, between N. 55th 
Street and W. Bradley Road, the channel would 
have a bottom width of about four feet and side 
slopes of one on two. The channel would be lined 
with rip-rap up to the la-year recurrence interval 
flood level and with turf above that. 

The recommended plan for the north tributary of 
Southbranch Creek consists of the construction 
of two stormwater detention basins. One basin 
would provide about 26.5 acre-feet of storage and 
would be located on presently open land in the 
City of Milwaukee to the west of N. 68th Street 
extended and south of W. Dean Road extended. 
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The second basin would provide about 28.0 acre
feet of storage and would be located south of 
Dean Elementary School in the Village of Brown 
Deer. The outlet of the existing 48-inch-diameter 
culvert which carries the north tributary 
between N. 55th Street and Southbranch Creek 
would be provided with a backwater gate to 
prevent backwater from Southbranch Creek 
from partially filling this second detention 
basin. Also, an overflow spillway constructed at 
this second basin would discharge to a grassed 
channel constructed along the west side of N. 
55th Street and discharging to Southbranch 
Creek. This channel would be turf lined, with a 
bottom width of five feet and side slopes of one 
on three. A pedestrian bridge would be provided 
across this channel to maintain the existing 
access to Brown Deer High School from the east. 
In addition to the two detention basins, the 
recommended plan for the north tributary 
includes the folloWing measures: 1) construction 
of 2,140 feet of 42-inch-diameter reinforced 
concrete relief storm sewer along the route of an 
existing storm sewer between N. Edge 0' Woods 
Drive and a point about 780 feet west of N. 60th 
Street; 2) enclosure of 780 feet of open roadside 
drainage ditch with an 8-foot-wide by 4-foot-high 
reinforced concrete box culvert along W. Dean 
Road between the outlet of the 42-inch storm 
sewer and N. 60th Street; 3) replacement of the 
existing culverts under N. 60th Street with 370 
feet of 10-foot-wide by 4-foot-high reinforced 
concrete box culvert; and 4) modification of 
about 500 feet of open channel east of N. 60th 
Street, with the streambed being lowered 1.5 to 
2.5 feet and the resulting channel being turf 
lined, with a bottom width of 20 feet and side 
slopes of one on three. 

It is recommended that when the bridge at N. 
Green Bay Court is replaced for transportation 
purposes, it be designed so as to accommodate 
the la-year recurrence interval flood flow with
out overtopping the attendant roadway. 

In addition to the flood control measures recom
mended for Southbranch Creek and the north 
tributary to Southbranch Creek, it is recom
mended that updated large-scale topographic 
maps be prepared for Southbranch Creek. Large
scale topographic maps currently available from 
the Village of Brown Deer were prepared in 1964 
and do not reflect the significant amount of 
development that has occurred since then, 
including channel modifications of Southbranch 



Creek. Such maps will be extremely useful in the 
detailed design of the recommended improve
ments and in evaluating low-lying areas in the 
tributary areas where storm sewer surcharging 
or local stormwater ponding could be a problem. 
Since these new maps would serve multiple 
purposes, none of the attendant costs have been 
assigned to the flood control plan. 

Flood Control and Related Drainage 
System Plan Implementation 
It is recommended that the structural measures 
developed for the abatement of flood problems 
along South branch Creek and the north tribu
tary to Southbranch Creek be implemented 
through the cooperative efforts of the Village of 
Brown Deer, the City of Milwaukee, and the 
Milwaukee Metropolitan Sewerage District. The 
division of responsibilities among these three 
implementing agencies raised an issue not 
explicitly covered in the policy plan for storm
water drainage and flood control. That issue was 
the allocation of costs for the storage facilities 
to be constructed at locations remote from the 
stream courses included under the District 
jurisdiction, but which would result in signifi
cant reductions in the magnitude and cost of the 
improvements required on those streams under 
District jurisdiction. This particular issue was 
raised in conjunction with the construction of 
the storage facilities on the north tributary to 
Southbranch Creek. The tributary is not under 
the District jurisdictioll, while Southbranch 
Creek is. 

Three alternative ways of dividing the costs 
entailed were considered at the request of the 
Technical Advisory Committee. Under the first 
alternative, the local communities would be 
allocated the full cost of the storage facilities 
located on the north tributary to Southbranch 
Creek. Under the second alternative, the District 
would be allocated all of the cost of the storage 
facilities. Under the third alternative, the Dis
trict and the local communities would share the 
cost of the storage facilities. The distribution of 
costs under each of these three options is shown 
in Tables 86 and 87. 

Under the third alternative, the cost allocation 
varied for the two storage facilities. In the case 
of the detention basin located in the City of 
Milwaukee, the cost to be allocated to the 
District was based upon the estimated savings 

in improvement costs on Southbranch Creek 
attributable to the construction of the basin. 
That is, the cost of the improvements on South
branch Creek was estimated both with and 
without the basin, and the difference in costs 
between those two estimates-$100,OOO-was 
allocated to the District. The cost analysis 
assumed that the second basin located in the 
Village of Brown Deer would be in place. How
ever, review of the impacts of the basin in the 
City of Milwaukee indicated that the cost 
savings to the District would be similar under 
another alternative which did not provide for the 
construction of a basin in the Village of Brown 
Deer. In the case of the detention basin located 
in the Village of Brown Deer, the cost allocated 
to the District was based upon the difference 
between the costs which could be expected to be 
incurred by the Village of Brown Deer without 
detention and the costs with detention. That 
difference-$400,OOO-was allocated to the Dis
trict. In the case of both basins, the operation 
and maintenance costs were allocated to the 
District and the local municipalities in which the 
basins were located based on the same cost
sharing percentages as for the capital costs. 

In reviewing the three alternatives considered, 
as summarized in Table 86, it was recommended 
by the Technical Advisory Committee that the 
capital cost of the storage facilities in this 
particular instance be allocated to both the 
District and the local municipalities, and that 
the operation and maintenance cost be borne by 
the local municipalities. In making that recom
mendation, the Committee noted that the con
struction of the basins would benefit not only the 
local municipalities that would be resolving local 
drainage and flooding problems on streams 
under their jurisdiction through the use of a 
storage alternative, but also the District, which 
would incur a lower cost to resolve drainage and 
flooding problems on the stream under its 
jurisdiction. Regarding operation and mainte
nance costs, the Committee concluded that the 
local communities should be responsible for the 
operation and maintenance of any storage 
facilities located on the streams under their 
jurisdiction, since those streams would be main
tained by those communities and not the District. 
The District stream maintenance responsibilities 
would be remote from the storage facilities and 
could cause confusion in responsibility, as well 
as inefficiency in extending those responsibili
ties beyond the otherwise fixed jurisdiction. 
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Table 86 

SUMMARY OF ALTERNATIVE PLAN CAPITAL COSTS FOR NORTH TRIBUTARY TO SOUTH BRANCH CREEK 

Implementing Agency Improvements 

Milwaukee Metropolitan 28-acre-foot detention 
Sewerage District basin and overflow 

channel-proportional 
cost (including land 
acquisition) · .......... 

26.5-acre-foot detention 
basin-proportional 
cost (including land 
acquisition) · .......... 

Subtotal 

City of Milwaukee 26.5-acre-foot detention 
basin-proportional 
cost (including land 
acquisition) · .......... 

Village of Brown Deer Channel modification ...... 

Culvert replacement, 
channel enclosure, addi-
tional truck storm sewer ... 

28-acre-foot detention basin 
and overflow channel-pro-
portional cost .......... 

Subtotal 

Total 

Source: SEWRPC. 

Based upon those determinations by the Techni
cal Advisory Committee, it is recommended that 
the District design, construct, and maintain the 
major channel modifications recommended 
along the O.78-mile reach of Southbranch Creek 
between N. 47th Street and W. Bradley Road. It 
is recommended that the District remove the 
culverts at N. 47th Street, N. 51st Street, N. 54th 
Street, and N. 55th Street. It is further recom
mended that the District work with the Village 
of Brown Deer on the design and construction of 
the 28-acre-foot stormwater detention basin and 
attendant overflow spillway channel to be 
located west ofN. 55th Street, and work with the 
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Estimated Capital Costs 

Alternative 1 Alternative 2 Alternative 3 
Local Storage District Storage Shared Storage 
Facility Cost Facility Cost Facility Cost 

$ -- $ 610,000 $ 400,000 

-- 520,000 100,000 

$ -- $1,130,000 $ 500,000 

$ 520,000 $ -- $ 420,000 

$ 20,000 $ 20,000 $ 20,000 

800,000 800,000 800,000 

610,000 -. 210,000 

$1,430,000 $ 820,000 $1,030,000 

$1,950,000 $1,950,000 $1,950,000 

City of Milwaukee on the design and construc
tion of the 26.5-acre-foot detention basin to be 
located west of N. 68th Street extended. The 
operation and maintenance costs of these two 
detention basins would be borne by the munici
pality in which each basin is located. The capital 
cost to be allocated to the District is based upon 
the estimated savings in improvement costs on 
Southbranch Creek attributable to the construc
tion of the basin in the City of Milwaukee. In the 
case of the basin in the Village of Brown Deer, 
the difference between the lowest cost solution to 
problems on the northern tributary and the 
alternative providing for storage was allocated 



Table 87 

SUMMARY OF ALTERNATIVE PLAN OPERATION AND MAINTENANCE 
COSTS FOR NORTH TRIBUTARY TO SOUTHBRANCH CREEK 

Implementing Agency Improvements 

Milwaukee Metropolitan 28-acre-foot detention 
Sewerage District basin and overflow chan-

nel-proportional cost ..... 

- 26.5-acre-foot detention 
basin-proportional cost ... 

Subtotal 

City of Milwaukee 26.5-acre-foot detention 
basin-proportional cost ... 

Village of Brown Deer Channel improvements .... 

Storm sewer ........... 

28-acre-foot detention 
basin and overflow chan-
nel-proportional cost ..... 

Subtotal 

Total 

Source: SEWRPC. 

to the District. Also, it is recommended that the 
District prepare large-scale topographic maps for 
the areas along Southbranch Creek. 

Finally, it is recommended that the Village of 
Brown Deer design, construct, and maintain the 
remaining flood control measures recommended 
for the north tributary of Southbranch Creek. It 

Estimated Annual Operation and Maintenance Costs 

Alternative 1 Alternative 2 Alternative 3 
Local Storage District Storage Shared Storage 
Facility Cost Facility Cost Facility Cost 

$ -- $12,500 $ 8,200 

-- 11,700 2,200 

$ -- $24,200 $10.400 

$11,700 $ - - $ 9,500 

$ 200 $ 200 $ 200 

600 600 600 

12,500 - - 4,300 

$13,300 $ 800 $ 5,100 

$25,000 $25,000 $25,000 

is further recommended that the Village design 
and construct four replacement roadway culverts 
over Southbranch Creek. 

The capital and operation and maintenance 
costs associated with the various components of 
the recommended plan are summarized in 
Table 88 for Southbranch Creek and in Table 89 
for the north tributary of Southbranch Creek. 
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Table 88 

SUMMARY OF RECOMMENDED PLAN COSTS-SOUTH BRANCH CREEK 

Estimated Annual 
Estimated Operation and 

Implementing Agency Improvements Capital Cost Maintenance Cost 

Milwaukee Metropolitan Channel improvements 
Sewerage District including culvert removal ...... $564,000 $1,600 

Village of Brown Deer Road construction, 
culvert replacement .......... 301,000 - -

Total $S65,000 $1,600 

Source: SEWRPC. 

Table 89 

SUMMARY OF RECOMMENDED PLAN COSTS-NORTH TRIBUTARY TO SOUTH BRANCH CREEK 

Estimated 
Estimated Operation and 

Implementing Agency Improvements Capital Cost Maintenance Cost 

Milwaukee Metropolitan 2S-acre-foot detention basin 
Sewerage District and overflow channel-

proportional cost (including 
land acquisition) ....... . . . ... $ 400,000 $ - -

26.5-acre-foot detention basin-
proportional cost (including 
land acquisition) . . . . . . . . . . ... 100,000 - -

Subtotal $ 500,000 $ - -

City of Milwaukee 26.5-acre-foot detention basin-
proportional cost (including 
land acquisition) ....... $ 420,000 $11,700 

Village of Brown Deer Channel modification .... . . $ 20,000 $ 200 

Culvert replacement, channel 
enclosure, additional trunk 
storm sewer ......... . .... SOO,OOO 600 

2S-acre-foot detention basin 
and overflow channel-
proportional cost ....... . . . . . 210,000 12,500 

Subtotal $1,030,000 $13,300 

Total $1,950,000 $25,000 

Source: SEWRPC. 

470 



Chapter IX 

EVALUATION OF ALTERNATIVE AND SELECTION 
OF RECOMMENDED FLOOD CONTROL AND RELATED 

DRAINAGE SYSTEM PLAN-MENOMONEE RIVER WATERSHED 

INTRODUCTION 

The drainage and flood control policy plan 
companion to this system plan recommends that 
the Milwaukee Metropolitan Sewerage District 
assume jurisdiction for eight perennial streams in 
the Menomonee River watershed. These eight 
streams, totaling 56.9 miles in length, consist of 
the Menomonee River, Woods Creek, Honey 
Creek, Underwood Creek, the South Branch of 
Underwood Creek, Dousman Ditch, the Little 
Menomonee River, and Butler Ditch. Of these 
eight streams, all but one, Woods Creek, were 
studied under the comprehensive watershed 
planning program for the Menomonee River 
watershed completed by the Commission in 1976.' 
Hydrologic and hydraulic analyses were con
ducted for these streams, and alternative flood 
control measures evaluated, under the watershed 
study. The system plan herein presented repre
sents a refinement of the watershed plan. 

Each of the eight streams within the Menomonee 
River watershed for which the District has 
assumed jurisdiction by adopting the policy plan 
is considered in the following sections of this 
chapter. Data are presented on existing and 
probable future drainage and flood control 
problems; alternative and recommended flood 
control and related drainage improvement mea
sures; and recommended implementation actions. 

OVERVIEW OF THE STUDY AREA 

The Menomonee River watershed is located 
largely within western Milwaukee County and 
eastern Waukesha County, with smaller portions 
extending into southeastern Washington County 
and southwestern Ozaukee County. The water-

, See SEWRPC Planning Report No. 26. A 
Comprehensive Plan tor the Menomonee River 
Watershed, Volume One, Inventory Findings 
and Forecasts, and Volume Two, Alternative 
Plans and Recommended Plan, October 1976. 

shed includes all or portions of the Cities of 
Brookfield, Greenfield, Mequon, Milwaukee, New 
Berlin, Wauwatosa, and West Allis; the Villages 
of Butler, Elm Grove, Germantown, Greendale, 
Menomonee Falls, and West Milwaukee; and the 
Towns of Brookfield, Germantown, Lisbon, and 
Richfield. From its origin in a large woodland
wetland area located in the northeastern corner 
of Germantown, the Menomonee River flows in 
a generally southeasterly direction for a distance 
of about 29.4 miles to its confluence with the 
Milwaukee River in the City of Milwaukee. The 
Menomonee River drains an area of about 135.7 
square miles, as shown on Map 150. The extent 
of the watershed area within each minor civil 
division involved is given in Table 90. 

The planned land use conditions utilized in the 
system planning effort assume that the water
shed will be about 60 percent urbanized by the 
design year of the system plan. The remaining 
rural lands would be located primarily in the 
northern portion of the watershed. 

Specific information on certain pertinent charac
teristics of the watershed, such as hydrologic soil 
types, land slopes, and land use appears in 
Chapter II of this report. Data on the stream 
system and subwatersheds are provided, for 
each of the eight perennial streams studied, in 
later sections of this chapter, along with the 
alternative evaluation and recommended plan 
description. 

FLOODING AND RELATED 
DRAINAGE PROBLEMS 

As documented in the Menomonee River water
shed study and as observed during floods occur
ring subsequent to the publication of that report, 
overland flooding of buildings has occurred 
periodically along the Menomonee River in the 
Cities of Milwaukee and Wauwatosa, along 
Honey Creek in the Cities of Wauwatosa and 
West Allis, and along Underwood Creek in the 
Village of Elm Grove and the City of Brookfield. 
In addition, secondary flooding of basements due 
to sanitary sewer backup or infiltration through 
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Table 90 

AREAL EXTENT OF CIVIL DIVISIONS 
IN THE MENOMONEE RIVER WATERSHED 

County or Civil 
Division Area Percent of 

Included Within Subwatershed Area 
County or Watershed Within County or 

Civil Division (square miles) Civil Division 

Milwaukee County 

City 
Greenfield 2.77 2.0 
Milwaukee 31.32 23.1 
Wauwatosa 13.35 9.8 
West Allis 6.83 5.0 

Village 
Greendale 0.10 0.1 
West Milwaukee 0.61 0.5 

Ozaukee County 

City 
Mequon 11.70 8.6 

Washington County 

City 
Milwaukee 0.03 0.1 

Village 
Germantown 29.33 21.6 

Town 
Germantown 0.74 0.6 
Richfield 1.55 1.1 

Waukesha County 

City 
Brookfield 13.54 10.0 
New Berlin 0.68 0.5 

Village 
Butler 0.82 0.6 
Elm Grove 3.27 2.4 
Menomonee Falls 18.58 13.7 

Town 
Brookfield 0.18 0.1 
Lisbon 0.31 0.2 

Total 135.71 100.0 

Source: SEWRPC. 

foundation walls has occurred along the Meno
monee River in the Cities of Milwaukee and 
Wauwatosa and in the Villages of Germantown 
and Menomonee Falls, along Honey Creek in the 
Cities of Wauwatosa and West Allis, along 
Underwood Creek in the Cities of Wauwatosa 
and Brookfield and the Village of Elm Grove, 
and along Dousman Ditch in the City of Brook
field and the Village of Elm Grove. 

Prior to the construction of channel modifica
tions and the enclosure of a portion of the South 
Branch of Underwood Creek, street flooding 
occurred due to overflow of the South Branch 
and to storm sewer backups caused by high 
water levels in the South Branch. 

The locations with the most severe existing 
flooding problems are areas of intensive residen
tial, commercial, and industrial development 
along the Menomonee River in the Cities of 
Milwaukee and Wauwatosa from Hawley Road 
through Harmonee Avenue and along Under
wood Creek in the Village of Elm Grove from the 
Milwaukee-Waukesha County line to Marcella 
Street. 

Flood damages have been minimized in those 
floodland areas which have been kept in essen
tially natural open space uses compatible with 
occasional inundation. Prime examples of this 
are the Milwaukee County park land lying along 
portions of the Menomonee River, the Little 
Menomonee River, Underwood Creek, and 
Honey Creek and the Village of Menomonee 
Falls park land along the Menomonee River. 

Structural flood control works which have been 
constructed over the past approximately sixty 
years have served to greatly alleviate overland 
flooding problems. Structural works constructed 
by the Milwaukee Metropolitan Sewerage Dis
trict include channel modifications and sheet 
steel floodwalls along the lo5-mile reach of the 
Menomonee River in the City of Milwaukee 
downstream from N. 45th Street; channel modi
fications and channel enclosures along a 
6.6-mile reach of Honey Creek in the Cities of 
Greenfield, Milwaukee, Wauwatosa, and West 
Allis; channel modifications along the 2.5-mile 
reach of Underwood Creek in the City of Wau
watosa; and channel modifications and enclo
sure along a lo6-mile reach of the South Branch 
of Underwood Creek in the Cities of Brookfield, 
Wauwatosa, and West Allis. Also, concrete and 
sheet steel floodwalls were constructed along the 
Menomonee River in the City of Milwaukee near 
S. 27th Street by the Falk Corporation in 1962. 

There are areas in the Menomonee River water
shed which experience localized stormwater 
drainage problems, as opposed to overland 
flooding problems. Such drainage problems may 
be related to overland flooding problems in cases 
where storm sewer outlets are constructed below 
streambed elevations or where high flood levels 
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submerge storm sewer outlets, causing surcharg
ing of storm sewers located off-stream. Although 
a comprehensive analysis of the storm sewer 
systems tributary to the streams studied here is 
beyond the scope of this planning program, the 
plan does address the interaction between the 
stream system and the stormwater drainage 
system to the extent that existing storm sewer 
outlet invert elevations are considered in estab
lishing streambed grades in areas where chan
nel modification is recommended and that 
submergence of storm sewer outfalls may be 
reduced or eliminated in stream reaches where 
channel modifications are recommended. 

The flood of April 21, 1973, which was of a 
magnitude approximating the 100-year recur
rence interval flood under planned land use and 
existing channel conditions at the U. S. Geologi
cal Survey stream gage at N. 70th Street in the 
City of Wauwatosa, caused overland flooding 
problems throughout much of the urban area 
within the watershed. That flood occurred after 
many of the major public and private flood 
control projects currently in existence within the 
watershed had been constructed; therefore, it 
offers a reasonable representation of the degree 
and type of overland flooding which would be 
experienced during a large flood under existing 
stream channel conditions. 

The flood of August 6, 1986, while causing 
considerable damage and disruption within the 
watershed due to storm sewer backups and 
storm water drainage problems, had a recurrence 
interval of less than 50 years at the Wauwatosa 
gage. Within the Menomonee River watershed, 
the overland flooding effects of that event were, 
therefore, not as severe as those of the April 1973 
flood. 

Problem Areas Along the Menomonee 
River During the Flood of April 21, 1973 
Since the construction of the channel modifica
tions and floodwalls, the most severe overland 
flooding along the Menomonee River in the 
Cities of Milwaukee and Wauwatosa occurred on 
April 21, 1973. Extensive flooding of residential, 
commercial, industrial, and governmental 
buildings occurred in the area bounded by N. 
Hawley Road in the City of Milwaukee through 
W. Harwood Avenue in the City of Wauwatosa. 
Flooding was concentrated in the area north of 
the river to W. State Street, with buildings on 
both sides ofW. State Street being flooded. There 
were scattered areas of secondary basement 
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flooding in the City of Wauwatosa from 
W. Harwood Avenue to W. Hampton Avenue, but 
costly damage from overland flooding was 
avoided due to the preservation in open uses of 
the Milwaukee County park lands along both 
sides of the river in that reach. In the Village 
of Menomonee Falls, secondary flooding of 
buildings located along the Menomonee River 
occurred near the northern boundary of the 
Village in the vicinity of N. Grand Avenue. 
Basement flooding northeast of the intersection 
of W. Fond du Lac Avenue and N. Lilly Road 
was attributable to stormwater drainage prob
lems due in part to inadequate hydraulic capac
ity of a culvert beneath W. Fond du Lac Avenue. 

Problem Areas Along Woods Creek 
During the Flood of April 21, 1973 
Flooding which occurred at the Milwaukee 
County Stadium in April of 1973 may be attribu-

'ted to stormwater drainage problems. 

Problem Areas Along Honey Creek 
During the Flood of April 21, 1973 
In April of 1973, secondary flood damage to 
basements of residential and institutional build
ings occurred along the reach of Honey Creek in 
the City of Wauwatosa from W. St. Jude Court 
(extended), which is located just north of W. 
Wisconsin Avenue, to S. 84th Street just north 
of the East-West Freeway (IH 94). Basement 
flooding at St. Jude Church at the downstream 
end of that reach was probably due to a combi
nation of overland flooding and sewer backup. 

Secondary flooding of residential, commercial, 
and industrial buildings due to storm and 
sanitary sewer backups occurred in the area 
along the enclosed portion of the stream in the 
City of West Allis bounded by W. Lapham Street 
and W. National Avenue and S. 83rd Street and 
S. 85th Street. Additional secondary flooding of 
residential and commercial buildings was 
reported in the vicinity of the W. Oklahoma 
A venue crossing of Honey Creek. At the time of 
the April 1973 flood, portions of the old Honey 
Creek channel adjacent to the enclosed reach 
had not yet been iIlled and the channel modifi
cations in the upper portion of the subwatershed 
south of IH 894 were still under construction. 

Problem Areas Along Underwood Creek 
During the Flood of April 21, 1973 
Secondary flooding was experienced in the City 
of Wauwatosa along the north side of Under
wood Creek immediately downstream of the Zoo 



Freeway (USH 45) and along Underwood Creek 
Parkway Drive near the Waukesha-Milwaukee 
County line. The latter area is adjacent to the 
reach of Underwood Creek that was undergoing 
a major channelization project at the time of the 
April 1973 flood. 

Extensive areas of basement and first floor 
inundation due to overland flooding involving 
residential, industrial, and institutional build
ings, and scattered concentrations of secondary 
flooding were reported in April 1973 along the 
entire reach of Underwood Creek within the 
Village of Elm Grove. That reach extends from 
N. 124th Street (extended) to W. North Avenue. 
The Village carried out minor channel modifica
tions in the reach near its eastern boundary in 
late 1973, but no major flood control projects 
have been undertaken along Underwood Creek 
in the Village since that time. 

In the City of Brookfield, some overland and 
secondary flooding of basements occurred along 
N. Clearwater Drive and in the vicinity of 
W. Woodbridge Road, W. Indian Creek Parkway, 
and N. Kevenauer Drive. In addition first floor 
flooding occurred at the northernmo~t building 
of the W. A. Krueger Company complex which 
is located south of W. Blue Mound Road ~ear the 
Waukesha-Milwaukee County line. That flooding 
was attributed to the southerly flow of floodwat
ers from Underwood Creek across W. Blue 
Mound Road. 

Pro blem Areas Along Dousman Ditch 
During the Flood of April 21. 1973 
In the City of Brookfield and Village of Elm 
Grove floodwaters from Dousman Ditch over
topped Pilgrim Parkway at several locations in 
the 1973 flood, and a few incidents of secondary 
basement flooding at scattered residences were 
reported. 

Problem Areas Along the Little Menomonee 
River During the Flood of April 21. 1973 
Primarily due to the preservation of floodlands 
in open space uses along the Little Menomonee 
River within the study area, there were no 
significant flood damages reported as a result of 
the flood of April, 21, 1973. 

Pro blem Areas Along Butler Ditch 
During the Flood of April 21. 1973 
No flooding of buildings was reported in the City 
of Brookfield or the Villages of Butler or Meno-

monee Falls during the 1973 flood. North Lilly 
Road in the City of Brookfield was, however, 
overtopped. 

Problem Areas During 
the Flood of August 6. 1986 
Within the watershed, the heaviest rainfall from 
the storm of August 6, 1986, was concentrated in 
Milwaukee County in a one- to four-mile-wide 
bancl extending from Mitchell International 
Airport through the northern portion of the City 
of Wauwatosa and the near northwest side of the 
City of Milwaukee just south of Timmerman 
Field. The 24-hour rainfall total within that 

. band ranged from about 4.0 inches on the fringe 
to 6.84 inches at Mitchell International Airport. 
Because the most intense rainfall was concen
trated over only a portion of the basin, flood 
flows in the streams under District jurisdiction 
were relatively low, while local stormwater 
runoff amounts in the areas of intense rainfall 
were high. As a result, damages within the 
watershed were primarily caused by the inade
quacy of the major and minor stormwater 
drainage facilities to carry the runoff from the 
intense rainfall. In the most severely affected 
areas, the rainfall amounts were in excess of the 
lOa-year recurrence interval event, which is the 
cost-effective design storm for the major drain
age system. The nature of the flood problems is 
highlighted by the fact that residences located 
as far as two miles away from any major 
watercourse experienced flooded basements. 

The damages to buildings within the subwa
tersheds considered in this report were primarily 
caused by the inadequacy of the combined major 
and minor storm sewer systems plus associated 
sanitary sewer backup into basements. Within 
the City of Wauwatosa, which is completely 
contained within the watershed, an estimated 
600 homes were damaged and the average 
damage amount was estimated to be $2,500. Of 
the 600 damaged homes, approximately 100 
incurred structural damage. The Milwaukee 
County Stadium and associated parking lots, 
located near its confluence of Woods Creek and 
the Menomonee River, were flooded. The Sta
dium Freeway (USH 41) near Woods Creek was 
closed from the Stadium Interchange to W. 
National Avenue. 

Estimate of Damages for Design Flood Events 
The costs of flooding in the Menomonee River 
watershed were estimated using damage cost 
curves prepared by the Regional Planning 
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Commission as described in Chapter III. The 
dollar amount of the flood damages is based 
upon the depth of inundation and the assessed 
valuation, required by law to approximate full 
market value, of the buildings involved. Dam
ages to building contents are included in the 
total costs. 

Flooding, as defined herein, includes basement 
flooding due to overland flow, yard inundation, 
and flooding above the first floor level. The 
number of existing residences that may be 
expected to experience direct flooding within the 
Menomonee River watershed is given in Table 91 
by community. 

Additional homes and commercial properties 
may, however, experience indirect flood damages 
through sanitary sewer backup. It should be 
noted that the flood control measures considered 
under this system plan are primarily intended to 
alleviate flood damages from direct overland 
flooding along the streams studied, as well as to 
provide an adequate outlet for local storm sewers 
and drainageways. These measures, although 
not specifically designed to do so, may be 
expected to reduce damages due to localized 
stormwater drainage problems or sanitary 
sewer backup. 

The total average annual flood losses in the 
Menomonee River watershed, together with such 
losses anticipated under a 100-year recurrence 
interval flood event are listed in Table 92 by 
community. 

FLOOD DISCHARGES AND STAGES 

As noted in Chapter III of this report, the 
hydrologic model used for development of design 
discharges for the Menomonee River watershed 
simulates streamflow on a continuous basis, 
using recorded climatological data as input. 
U sing this model, stream discharges were com
puted at 15-minute time intervals over a 49-year 
period from 1940 to 1988. Peak flood discharges 
were developed by performing discharge
frequency analyses of simulated annual peak 
discharges generated by the model using the log 
Pearson Type III method of analysis. This 
analysis was conducted for both existing and 
planned land use and existing channel condi
tions at a total of 89 locations throughout the 
watershed. The estimated peak flood discharges 
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under existing (1985) and planned year 2000 
land use and existing channel conditions are set 
forth in Table 93. 

The hydrologic modeling conducted under this 
system planning effort represents a refinement 
of that conducted under the Commission's 
Menomonee River watershed study. As part of 
this system planning effort, a review was made 
of recorded streamflow records, some of which 
were not available at the time of the Menomonee 
River watershed study. These included records 
from two continuous recording streamflow gages 
operated by the U. S. Geological Survey in 
cooperation with the Commission and the Mil
waukee Metropolitan Sewerage District. These 
two gages are located on the Menomonee River 
at Pilgrim Road in the Village of Menomonee 
Falls and on Underwood Creek at the Zoo 
Freeway (USH 45) in the City of Wauwatosa. 
These two gages were placed in operation in 
1975, therefore records from these gages were not 
available for calibration purposes during the 
Menomonee River watershed study. Discharge
frequency analyses were made using the 
recorded data from these two gages and the 
results compared with the simulated flood flows 
from the watershed study. Based upon that 
comparison, a decision was made to recalibrate 
the hydrologic model by incorporating all avail
able streamflow records through 1988. This' 
recalibration required updating recorded 
weather data files for the years 1975 through 
1988 for four stations. The results of the recal
ibration are represented by the discharge
frequency curves shown in Figures 66, 67, and 
68 for the Menomonee River gage at N. 70th 
Street, the Menomonee River gage at Pilgrim 
Road and the Underwood Creek gage at the Zoo 
Freeway (USH 45), respectively. It should be 
noted that the N. 70th Street gage was the only 
continuous recording gage available for calibra
tion purposes during the conduct of the Menomo
nee River watershed study. The discharges 
developed under that study are in close agree
ment with the recorded data for that gage. 

A comparison of the flood discharges developed 
for the Menomonee River watershed under this 
system plan and those developed under the 
previous watershed study is provided in 
Table 94. As shown in this table, the revised 
flows are generally lower for the downstream 
portions of the watershed and generally higher 
for the upstream reaches, reflecting, in part, the 



Table 91 

STRUCTURE FLOODING ALONG THE MENOMONEE RIVER AND TRIBUTARIES 

Approximate Number 
of Existing Industrial, 

Approximate Number Commercial, or 
of Existing Institutional 

Homes Flooded Properties Flooded 

Existing Planned Existing Planned 
Recurrence Land Use, Land Use, Land Use, Land Use 

Interval Existing Existing Existing Existing 
Stream Community (years) Channel Channel Channel Channel 

Menomonee River Milwaukee 10 0 0 0 0 
50 3 21 2 11 

100 57 91 24 37 

Wauwatosa 10 0 0 0 4 
50 13 65 3 40 

100 83 110 45 50 

Menomonee Falls 10 1 4 0 0 
50 9 17 1 2 

100 12 21 1 3 

Germantown 10 1 1 0 0 
50 2 2 0 0 

100 3 3 0 0 

Honey Creek Wauwatosa 10 0 0 0 0 
50 0 0 0 0 

100 0 0 0 1 

Greenfield 10 0 0 0 0 
50 1 3 0 0 

100 3 4 0 0 

Underwood Creek Elm Grove 10 0 1 4 10 
50 3 6 10 15 

100 5 27 14 25 

Brookfield 10 0 0 0 1 
50 6 12 1 2 

100 10 17 2 2 

Little Menomonee River Milwaukee 10 0 1 0 0 
50 1 3 0 0 

100 1 3 0 0 

Source: SEWRPC. 
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Table 92 

ESTIMATED FLOOD DAMAGES ALONG THE MENOMONEE RIVER AND TRIBUTARIES 

Average Annual 100-Year Recurrence 
Flood Damage Interval Flood Damage 

Existing Planned Existing Planned 
Land Use, Land Use, Land Use, Land Use, 

Stream Community 

Menomonee River Milwaukee 
Wauwatosa 
Menomonee Falls 
Germantown 

Honey Creek Wauwatosa 
Greenfield 

Underwood Creek Elm Grove 
Brookfield 

Little Menomonee River Milwaukee 

Source: SEWRPC. 

results of the recalibration. In addition to 
recalibration, the differences between the dis
charges may be attributed to changes in existing 
land use conditions as well as physical changes 
made to the channel system since the watershed 
study was conducted. In addition, the flows 
developed under this system plan are based on 
an additional 14 years of simulated streamflow 
data. As noted above, this simulation encom
passed a 49-year period from 1940 through 1988. 
The Menomonee River watershed study flows 
were based on 35 years of simulation, from 
1940 through 1974. It can be noted that in most 
cases the differences in the estimated flows as 
developed under the two studies are 20 percent 
or less, with the exceptions generally being the 
small tributaries and the uppermost reach of 
major streams. 

In the case of Butler Ditch, the hydrologic model 
used under this system planning effort was 
refined to better account for the natural flood
plain storage and also to reflect a diversion of 
runoff from the Butler Ditch subwatershed to the 
Underwood Creek subwatershed. This diversion 
occurs under major storm events along a very 
flat area located along the South Branch of 
Butler Ditch south of W. Capitol Drive. In the 
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Existing Existing Existing Existing 
Channel Channel Channel Channel 

$ 7,040 $ 16,200 $ 507,000 $ 928,000 
61,500 117,200 4,125,000 4,196,000 

5,140 11,290 187,000 275,900 
1,370 1,390 19,700 23,700 

0 2,200 0 150,000 
300 900 18,300 24,300 

21,300 146,400 547,000 1,844,000 
9,500 19,900 587,000 620,000 

350 1,600 5,300 17,100 

case of Dousman Ditch, the natural and recently 
constructed storage which now exists upstream 
of W. Gebhardt Road was accounted for in the 
more recent modelling. In the case of Underwood 
Creek, the reduced flows from Dousman Ditch 
and a better accounting for existing storage 
upstream of the Soo Line Railroad Company 
(former Chicago, Milwaukee, St. Paul & Pacific 
Railroad) railway resulted in the significant 
change in estimated flows. 

Flood stage profiles were developed for the 10-, 
50-, and lOa-year recurrence interval runoff 
events under planned land use and existing 
channel conditions. These profiles, which encom
pass the full 56.9 miles of streams studied, 
constitute a graphic representation of the flood 
stages under the specified recurrence interval 
discharges. In addition to providing an overall 
representation of flood stages relative to 
familiar points of reference such as the channel 
bottom and bridge deck surfaces, the profiles, 
because of their continuity, permit the conve
nient determination of flood stages at any point 
along the stream channel. Flood profiles for 
streams in the Menomonee River watershed are 
presented throughout this chapter, along with 
more detailed descriptions of the individual 
subwatersheds. 



Table 93 

FLOOD DISCHARGES FOR EXISTING AND YEAR 2000 LAND USE AND EXISTING CHANNEL CONDITIONS 

Peak Flood Discharge (cfs) 

Existing Land Use Year 2000 Planned Land Use 
Existing Channel Condition Existing Channel Condition 

River 
Stream Location Mile 10-Year 50-Year 100-year 10-Year 50-Year 100-Year 

Menomonee River Confluence with the 0.00 8,560 13,400 15,900 9,330 14,300 16,800 
Milwaukee River 

S. 32nd Street extended 2.45 8,380 13,100 15,600 9,130 14,000 16,400 

Upstream of confluence 3.21 7,540 11,700 13,800 8,420 12,800 14,900 
with Woods Creek 

Soo Line Railroad Company 4.24 6,850 10,700 12,700 7,800 11,700 13,700 

N. 70th Street 6.10 6,740 10,600 12,600 7,730 11,600 13,600 

Upstream of confluence 6.24 5,010 7,700 9,080 5,800 8,710 10,200 
with Honey Creek 

Upstream of confluence 8.39 2,900 3,960 4,450 3,480 4,780 5,390 
with Underwood Creek 

Upstream of W. Center 9.22 2,670 3,710 4,200 3,360 4,670 5,290 
Street extended 

Upstream of W. Burleigh 9.98 2,660 3,700 4,180 3,350 4,670 5,290 
Street 

Upstream of confluence 10.66 2,480 3,520 3,990 3,220 4,510 5,130 
with Grantosa Creek 

Upstream of W. Capitol 11.38 2,460 3,480 3,970 3,200 4,470 5,070 
Drive 

Upstream of confluence 12.58 1,890 2,740 3,140 2,700 3,790 4,290 
with Little Menomonee 
River 

Upstream of confluence 14.42 1,600 2,180 2,440 2,420 3,290 3,670 
with Butler Ditch 

W. Appleton Avenue 16.54 1,600 2,180 2,440 2,420 3,290 3,670 

Upstream of confluence 17.97 1,400 1,940 2,180 2,130 2,910 3,250 
with Dretzka Park Tributary 

Upstream of confluence 18.95 1,100 1,490 1,650 1,540 2,030 2,250 
with Lilly Creek 

Upstream of confluence 20.27 860 1,180 1,310 900 1,220 1,360 
with Nor-X-Way Channel 

Menomonee Falls Dam 21.89 700 1,010 1,150 730 1,040 1,180 

Woodlawn Avenue extended 22.71 670 1,000 1,150 700 1,000 1,150 

W. County Line Road 23.43 660 980 1,130 700 1,000 1,140 

Upstream of confluence 24.67 630 840 930 890 1,110 1,220 
with Willow Creek 
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Table 93 (continued) 

Peak Flood Discharge (cfs) 

Existing Land Use Year 2000 Planned Land Use 
Existing Channel Condition Existing Channel Condition 

River 
Stream Location Mile 10-Year 50-Year loo-year 10-Year 50-Year 100-Year 

Menomonee River Downstream of Lilac Lane 25.06 470 680 790 500 680 790 
(continued) 

Upstream of confluence 26.89 330 490 560 330 490 560 
with West Branch of 
Menomonee River 

Upstream of confluence 27.90 190 270 310 190 270 310 
with North Branch of 
Menomonee River 

Little Menomonee Confluence with the 0.00 940 1,330 1,510 1,040 1,480 1,700 
River Menomonee River 

W. Appleton Avenue 1.57 920 1,300 1,480 1,040 1,480 1,700 

W. Fond du Lac Avenue 2.56 960 1,360 1,550 1,140 1,610 1,820 

Upstream of confluence 3.07 520 730 820 740 990 1,100 
with Noyes Creek 

W. Good Hope Road 3.66 520 730 820 740 990 1,100 

W. Bradley Road 4.69 340 500 580 400 560 640 

W. County Line Road 6.95 340 490 550 470 650 730 

W. Donges Bay Road 8.01 270 390 440 300 440 500 

Upstream of confluence 8.26 140 200 220 170 220 250 
with Little Menomonee 
Creek 

W. Mequon Road 9.16 120 200 240 140 230 270 

Upstream of Sunnyvale 9.71 150 280 360 220 360 420 
Road extended 

W. Freistadt Road 10.22 100 190 250 100 190 250 

Underwood Creek Confluence with the 0.00 2,480 4,150 5,080 2,990 4,800 5,760 
Menomonee River 

USH45 0.75 2,110 3,510 4,270 2,610 4,190 5,030 

Watertown Plank Road 1.50 
1,950 3,150 3,790 2,290 3,620 4,310 

Upstream of confluence 2.54 600 1,050 1,300 860 1,370 1,640 
with South Branch of 
Underwood Creek 

W. Juneau Boulevard 3.67 510 880 1,080 640 1,070 1,310 

W. North Avenue 4.82 460 820 1,030 620 1,050 1,280 

Upstream of confluence 5.38 390 710 890 530 890 1,090 
with North Branch of 
Underwood Creek 

500 Line Railroad Company 6.32 300 520 650 420 680 820 
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Table 93 (continued) 

Peak Flood Discharge (cfs) 

Existing Land Use Year 2000 Planned Land Use 
Existing Channel Condition Existing Channel Condition 

River 
Stream Location Mile 10-Year 50-Year 100-year 10-Year 50-Year 100-Year 

Underwood Creek Upstream of confluence 6.97 80 120 130 90 120 130 
(continued) with Dousman Ditch 

Soo Line Railroad Company 7.68 66 72 74 66 72 74 

South Branch of Confluence with Underwood 0.00 1,400 1,990 2,260 1,520 2,030 2,260 
Underwood Creek Creek 

W. Schlinger Avenue 1.08 930 1,220 1,340 980 1,300 1,430 
tunnel outlet 

Upstream of branch in 1.65 480 570 610 540 650 690 
channel enclosure 

Dousman Ditch Confluence with 0.00 230 390 480 310 510 620 
Underwood Creek 

W. Juneau Boulevard 1.13 160 240 290 260 400 470 
extended 

Honey Creek Confluence with the 0.00 2,310 3,300 3,500 2,510 3,350 3,600 
Menomonee River 

W. Wisconsin Avenue 0.91 2,220 3,000 3,100 2,410 3,JOO 3,200 

IH 94 1.99 2,050 2,500 2,500 2,100 2,500 2,500 

W. Greenfield Avenue 3.10 1,760 2,200 2,200 1,810 2,200 2.280 

Footbridge 4.57 1,030 1,720 2,080 1,180 1,900 2,280 

W. Oklahoma Avenue 5.27 840 1,410 1,710 970 1,560 1,870 

Downstream of W. 6.44 550 960 1,190 740 1,130 1,310 
Howard Avenue 

IH 894 7.53 250 520 690 470 670 760 

Downstream side of 7.80 220 470 620 420 600 680 
W. Layton Avenue 

Upstream side of 7.81 210 440 580 350 560 640 
W. Layton Avenue 

Downstream side of 8.53 140 290 390 270 380 430 
Loomis Road 

Butler Ditch Confluence with the 0.00 340 640 830 470 780 950 
Menomonee River 

W. Hampton Road 1.02 310 570 740 320 590 760 

Downstream of Lilly Road 1.72 220 400 500 230 420 520 

Upstream of confluence 2.49 190 350 450 190 350 450 
with South Branch of 
Butler Ditch 

W. Lisbon Road 3.40 160 300 380 ' 160 300 380 
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Table 93 (continued) 

River 
Stream Location Mile 

Woods Creek Confluence with the 0.00 
Menomonee River 

Stadium Freeway enclosure 0.08 

500 Line Railroad Company 0.265 

Outlet of 1 08-inch culvert 0.33 

Outlet of Veterans 0.63 
Administration Center 
tunnel 

Upstream of Veterans 0.92 
Administration Center 
tunnel 

Source: SEWRPC. 

Figure 66 

DISCHARGE FREQUENCY RELATIONSHIPS 
FOR THE MENOMONEE RIVER AT N. 70TH STREET 
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Peak Flood Discharge (cfs) 

Existing Land Use Year 2000 Planned Land Use 
Existing Channel Condition Existing Channel Condition 

10-Year 50-Year 100-year 10-Year 50-Year 100-Year 

830 1,070 1,160 830 1,070 1,160 

780 990 1,080 780 990 1,080 

790 1,020 1,120 790 1,020 1,120 

640 810 880 640 810 880 

620 780 850 620 780 850 

440 540 580 440 540 580 

Figure 67 

DISCHARGE FREQUENCY RELATIONSHIPS 
FOR THE MENOMONEE RIVER AT PILGRIM ROAD 
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OVERVIEW OF PREVIOUS 
COMMISSION-DEVELOPED 
ALTERNATIVE FLOOD CONTROL AND 
RELATED DRAINAGE SYSTEM PLANS FOR 
THE MENOMONEE RIVER WATERSHED 

Flood control alternatives were previously evalu
ated for the Menomonee River and its major 
tributaries under the Commission's Menomonee 
River watershed study.2 As already noted, with 
the exception of Woods Creek, all of the tribu
taries under District jurisdiction were also 
considered under the watershed study. The 
following six flood control measures were consid
ered alone or in various combinations under the 
watershed study: 1) structure floodproofing and 
removal; 2) channel modification; 3) detention 
storage; 4) dikes and flood walls; 5) bridge and 
culvert alteration or replacement; and 6) diver
sion of flood flows to Lake Michigan or to the 
District's deep tunnel inline storage system. In 
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addition, a "No Action" alternative was consid
ered. The evaluations indicated that the diver
sion alternative would be economically 
infeasible, and this alternative was eliminated 
from further consideration under the watershed 
plan. The recommended flood control system 
plan herein presented represents a refinement of 
the recommended plan formulated under the 
watershed study. 

Consideration of Detention Storage 
The potential for a watershedwide system of 
detention storage sites was evaluated in the 
Menomonee River watershed study. The recom
mended plan included the provision of substan
tial storage, including the preservation of 
essentially all natural floodplain storage remain
ing in the watershed and the construction of one 
storage facility. In addition, under the watershed 
planning effort, the construction of storage was 
evaluated at 24 additional sites. Of these 24 
additional sites, 10 were found to have some 
potential for reducing flood flows. An evaluation 
of these 10 additional sites is presented in the 
following paragraphs. 

An initial screening identified 25 potential 
detention storage sites located in Milwaukee, 
Ozaukee, Washington, and Waukesha Counties. 
Those sites were located to protect areas of 
existing, as well as planned, urban development. 
Twenty-two of the sites were located directly on 
the watershed stream system whereas three 
sites, the Hartung Quarry in the City of Milwau
kee, a gravel pit in the City of Wauwatosa, and 
an abandoned sewage treatment plant site in the 
Village of Menomonee Falls, were located "off
channel." 

Based on the drainage area tributary to each 
site, the available storage volume at each site, 
and the proximity of each site to downstream 
flood-prone areas, the potential of each site to 
produce a significant reduction in downstream 
flood damages was evaluated. Twelve of the 25 
potential sites were found to warrant further 
analysis. One of the remaining 12 sites, located 
in the City of Brookfield in U. S. Public Land 
Survey Section 2, Township 7 North, Range 20 
East, at the confluence of Butler Ditch and the 

2Ibid. 
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Table 94 

COMPARISON OF PLANNED LAND USE AND EXISTING CHANNEL CONDITION FLOOD FLOWS: MENOMONEE 
RIVER WATERSHED STUDY AND MILWAUKEE METROPOLITAN SEWERAGE DISTRICT SYSTEM PLAN 

1 OO-Year Recurrence Interval 
Flood Discharge (cfs) 

Milwaukee 
Metopolitan 

River Menomonee River Sewerage District Percent 
Stream Location Mile Watershed Study System Plan Change 

Menomonee River Confluence with 0.00 19,600 16,800 -14 
Milwaukee River 

Soo line Railroad 4.24 16,800 13,700 -18 
Upstream of confluence 4.24 12,700 10,200 -20 
with Honey Creek 

W. North Avenue 8.50 6,900 5,390 -22 
USH 45 12.88 4,730 4,290 -10 
W. Silver Spring Road 14.64 3,680 3,540 -4 
W. Appleton Avenue 16.54 3,640 3,670 +1 
lilly Road 19.70 1,910 2,250 +18 
Menomonee Falls Dam 21.89 1,010 1,180 +17 

little Menomonee Confluence with 0.00 1,900 1,700 -10 
River Menomonee River 

W. Good Hope Road 3.66 995 1,100 +10 
W. Bradley Road 4.69 605 640 +6 

Underwood Creek Confluence with 0.00 6,100 5,760 -6 
Menomonee River 

USH 45 0.75 6,100 5,030 -18 
N. 124th Street extended 2.54 1,940 1,640 -15 
W. North Avenue 4.82 1,940 1,280· -34 

South Branch of Confluence with 0.00 2,760 2,260 -18 
Underwood Creek Underwood Creek 

Dousman Ditch Confl uence with 0.00 1,310 620 -53 
Underwood Creek 

Honey Creek Confluence with 0.00 3.490 3,600 +3 
Menomonee River 

W. Wisconsin Avenue 0.91 2,620 3,200 +22 
IH 94 2.04 2,620 2,500 -4 
W. Arthur Avenue 4.32 2,540 2,280 -10 
W. Howard Avenue 6.54 1,520 1,310 -14 

Butler Ditch Confluence with 0.00 1,550 950 -39 
Menomonee River 

Source: SEWRPC. 
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South Branch of Butler Ditch just north of 
W. Capitol Drive, was eliminated as being 
economically infeasible. 

The remaining 11 potential detention storage 
sites are listed in Table 95 and are shown on 
Map 151. Of those sites, the four which were 
judged to have the greatest potential positive 
impact on downstream flood damages were Site 
No. 1 on the Menomonee River in the Village of 
Germantown, Site No. 16 on the Little Menomo
nee River in the City of Mequon, Site No. 19, the 
Hartung Quarry, lying adjacent to the Menomo
nee River in the City of Milwaukee, and Site 
No. 22 on the Dousman Ditch in the City of 
Brookfield. The individual impacts of each of 
these four potential detention basins on down
stream flood flows, stages, and damages, as well 
as the cumulative impact of all 11 potential 
detention basins, were evaluated under the 
watershed study. The findings of that evaluation 
are summarized below. 

Site No. I-On the Menomonee River in the 
Village of Germantown: This detention basin 
would be located at River Mile 23.43, upstream 
of CTH Q. The watershed study concluded that, 
under planned land use conditions, the provision 
of this basin could achieve a reduction in peak 
flood discharge of about 35 percent at Main 
Street in the Village of Menomonee Falls, about 
1.6 miles downstream from the potential deten
tion basin site, but a reduction in peak flood 
discharge of only about 3 percent could be 
anticipated at a location about 3.2 miles down
stream from the basin. Since the completion of 
the watershed study, this site has been partially 
filled and currently would have even less impact 
than indicated in the watershed study. The 
1.6-mile reach from the potential basin to Main 
Street includes an area of significant flood 
damages, but the next 1.6-mile reach down
stream does not. The stream reach immediately 
downstream of the potential basin requires 
modification in order to provide for adequate 
storm sewer outlets. As shown in the subsequent 
section, the channel improvements required for 
stormwater drainage purposes would resolve the 
identified flooding problems in the reach imme
diately downstream of the basin. Thus, the 
provision of detention storage was not consid
ered further at this site. 

Site No. 16-0n the Little Menomonee River in 
the City of Mequon: A detention basin could be 
created by an earthen embankment located on 
the Little Menomonee River at Freistadt Road in 
the City of Mequon at River Mile 10.22, about 
3.22 miles upstream of the upper end of the reach 
under District jurisdiction. The potential basin 
would provide significant flood flow, flood stage, 
and flood damage reduction only within the City 
of Mequon along a stream reach outside of the 
District's jurisdiction. Therefore, this basin site 
was not considered further under this study. 

Site No. 19-Hartung Quarry Adjacent to the 
Menomonee River in the City of Milwaukee: The 

. Hartung Quarry, located off-stream, serves as a 
sanitary landfill site for the City of Milwaukee. 
Under conditions at the time of the conduct of 
the watershed study, it was estimated that 
utilization of this quarry for floodwater storage 
could reduce peak flood discharges under 
planned land use conditions by about 9 percent 
in the downstream flood-damage-prone reach in 
the City of Wauwatosa. Since that time, the 
available flood storage volume of the quarry has 
been reduced somewhat due to landfilling oper
ations. The fact that the site has been used as 
a landflll and the fact that the quarry walls and 
bottom are a creviced stone which could provide 
direct pathways for polluted water to reach the 
groundwater reservoir, make this site unsuitable 
for floodwater storage use. In addition, pumping 
the stored water out of the deep quarry would be 
costly. Thus, this site is no longer considered to 
be viable as a storage facility location. 

Site No. 22-Dousman Ditch in the City of 
Brookfield: As set forth in the watershed study, 
the outlet to this detention site would be located 
at W. Gebhardt Road in the City of Brookfield. 
The watershed study concluded that, under 
planned· land use conditions, a detention basin 
at this location could substantially reduce peak 
flood flows, stages, and damages along down
stream flood-prone channel reaches in the City 
of Brookfield and the Village of Elm Grove. 
Therefore, this detention storage site was 
included in this system plan. 

System of Eleven Detention Basins: The four 
sites previously described, along with the addi
tional seven warranting further consideration, 
were analyzed under the watershed study to 
determine the combined effects on flood flows, 
stages, and discharges on the Menomonee River 
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Table 95 

SUMMARY OF POTENTIAL DETENTION AND RETENTION STORAGE 
SITES IDENTIFIED FOR THE MENOMONEE RIVER WATERSHED STUDY 

Impoundment Data at 

Location Dam Approximate Maximum Flood Stage 

Tributary 
Area Stage Surface 

City, Village, River Street, Highway, or (square (feet Area Volume 
Numbera Name Stream County arlown Mile Other Description miles) NGVD) (acres) (acre-feet) 

1 Germantown Menomonee River Washington Village of 23.47 CTHQ 26.36 845.0 1,019 5,806 
Germantown 

3 NXWC-Upstream Nor-X-Way Washington Village of 2.08 Wisconsin & Southern 2.58 790.0 213 1,470 
Channel Germantown Railroad Company 

6 Dretzka Dretzka Park Milwaukee City of 0.48 Bradley Road 3.27 750.0 194 801 
Tributary and Waukesha Milwaukee 

8 West Granville Menomonee River Milwaukee City of 16.65 STH 175 49.40 740.0 145 635 
Milwaukee 

9 Carmen Menomonee River Waukesha Village of 15.00 Chicago & North 51.06 734.0 102 606 
Menomonee Falls Western Transpor-

tation Company 

10 Butler Ditch- Butler Ditch Waukesha Village of 0.00 Just upstream of the 5.06 780.0 242 1,793 
Downstream Menomonee Falls confluence with 

13 Zoo Freeway Menomonee River Milwaukee City of 
and Waukesha Milwaukee 

16 Mequon- Little Menomonee Ozaukee City of Meq uon 
Upstream River 

19 Hartung Quarry Menomonee River Milwaukee City of 
Milwaukee 

20 Tosa Gravel Pit Underwood Creek Milwaukee City of 
Wauwatosa 

22 Gebhardt Dousman Ditch Waukesha City of 
8rookfield 

a Menomonee River Watershed Study numbering system. 

Source: SEWRPC. 

of all 11 basins acting as a system. The water
shed study concluded that such a system of 
detention basins could achieve a peak flood flow 
reduction of about 30 percent along the flood
prone reach of the Menomonee River from about 
N. 70th Street downstream to N. Hawley Road 
under planned land use conditions, but that such 
a reduction in flow would not offer significant 
relief to critical flood-prone lands in the City of 
Wauwatosa and the City of Milwaukee. It was 
further concluded that the design of the improve
ments needed to fully resolve the identified 
problems would not be significantly reduced if 
the additional detention were constructed. 
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Menomonee River 

12.88 USH45 58.00 714.0 

10.18 Freistadt Road 1.40 755.0 

10.15 Menomonee River 85.57 690.0 
Parkway 

1.35 Watertown Plank 17.18 --
Road 

0.63 Gebhardt Road 3.78 830.0 

Reevaluation of the Menomonee 
River Watershed Study Conclusions 
Regarding Detention Storage 

95 694 

381 5,861 

20 1,950 

47 700 

376 1,366 

The Menomonee River watershed study con
cluded that storage in the watershed was impor
tant. However, the use of natural storage was 
considered the most cost effective and environ
mentally sensitive approach. The only location 
where the use of constructed detention storage 
was found to be technically feasible and econom
ically justifiable was at Site No. 22 along the 
Dousman Ditch. That conclusion reached in the 
watershed study was found, upon reconsidera
tion under this study, to still be sound. 



Map 151 

POTENTIAL DETENTION OR RETENTION STORAGE SITES 
IDENTIFIED FOR THE MENOMONEE RIVER WATERSHED STUDY 
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The ~valuation of the effects of the provision of 
constructed detention storage on flood damage 
reduction as set forth in the watershed study 
was comprehensive. Although the study dealt 
primarily with centralized detention facilities, its 
conclusions would also be applicable to the "best 
case" scenario for decentralized detention basins 
located at, or upstream of, the sites considered 
for centralized detention. This situation exists 
because the larger central detention sites were 
strategically located to provide control of runoff 
from substantial areas of planned development, 
the same areas in which decentralized detention 
could be provided cost-effectively. The effects of 
decentralized detention on the timing and 
combination of flood hydrograph peaks from a 
subbasin can be approximated by the effects of 
a centralized detention basin situated at the 
outlet of the subbasin. In general, this overesti
mates, or presents the "best case" impact, of 
decentralized storage. Thus, although decentral
ized detention may be effective in resolving some 
local storm water drainage and water quality 
pro blems within developing portions of the 
watershed along certain tributaries beyond the 
jurisdiction of the District, the results of the 
detention analyses conducted under the water
shed study indicated that the impact of decen
tralized detention on reducing flood damages 
along the flood-dam age-prone reaches of the 
major streams of the watershed would not be 
significant. 

It should be noted that since the publication of 
the watershed study, several of the 11 detention 
storage sites identified in that study have had 
their available storage volume significantly 
reduced through filling. Such sites include No.1 
in the Village of Germantown, No. 10 in the 
Village of Menomonee Falls, and No. 19 in the 
City of Milwaukee. As already noted, the use of 
Site No. 19, the Hartung Quarry, is no longer 
considered feasible for floodwater storage, due to 
its use as a landfill, the nature of the creviced 
bedrock walls and bottom, and the high pump
ing costs associated with its use. In addition, 
Site No. 20 has been filled and thereby elimi
nated from consideration. As a result, the 
combined effect of the detention basins on 
reducing flood peaks as determined under the 
watershed study would be even less today, 
although the flow reductions determined under 
the watershed study can provide a "best case" 
representation of the effects of a similar amount 
of decentralized detention. 
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MENOMONEE RIVER MAIN 
STEM FLOOD CONTROL AND 
RELATED DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses of the main 
stem of the Menomonee River were previously 
conducted under the Commission's Menomonee 
River watershed study. That study also assessed 
existing and possible future flood problems 
along the stream, evaluated alternative mea
sures to alleviate those problems, and included 
recommendations for the implementation of 
certain flood control measures. This system 
planning effort represents a refinement of that 
earlier study. Presented below are an overview 
of the subwatershed, a review of the previously 
considered flood control measures, and a refined 
recommended flood control plan for the Menomo
nee River. 

Overview of the Watershed 
As described previously, the Menomonee River 
drains an area of about 135.7 square miles and 
flows 29.4 miles in a generally southeasterly 
direction from its origin in the Village of 
Germantown to its mouth in the City of Milwau
kee. More specifically, from its origin in the 
northeast corner of the Village of Germantown, 
the Menomonee River flows in a southerly 
direction for a distance of about 5.9 miles to 
W. County Line Road; thence in a southeasterly 
direction through the Village of Menomonee 
Falls to the Milwaukee-Waukesha County line at 
W. Calumet Road extended, a distance of about 
5.4 miles; thence in a southerly direction to 
W. Silver Spring Drive in the Village of Butler, 
a distance of about 3.4 miles; thence in a 
southeasterly direction for about 8.6 miles to 
N.70th Street in the City of Wauwatosa; and 
thence in an easterly direction for about 6.1 
miles to its confluence with the Milwaukee River 
near N. 2nd Street and E. Chicago Street 
extended in the City of Milwaukee. Of 'the 
29.4-mile reach described, 27.9 miles, or 
95 percent, is classified as perennial, and 1.5 
miles, or 5 percent, is classified as intermittent. 

It is recommended in the policy plan companion 
to thi$ system plan that 16.2 miles of perennial 
stream located within the current District limits 
be included under the District's jurisdiction. This 
16.2-mile reach extends from the Falk Corpora
tion dam in the City of Milwaukee, the upstream 
limit of the Menomonee River estuary, to the 
crossing of the Milwaukee-Waukesha County 
line just south of USH 45. The remainder of the 



Menomonee River, which is located outside of 
the current District limits, but in an area defined 
in the policy plan as within possible future 
District limits, was found to meet the criteria for 
District jurisdiction. Moreover, any flood control 
measures carried out along the upper reaches of 
the Menomonee River may impact flood flows 
and stages and recommended flood control 
measures along the reach of the River under 
District jurisdiction. This additional reach of 
stream was accordingly included in the system 
planning effort. 

In 1985, about 49 percent of the Menomonee 
River watershed was developed for urban use, 
including residential, commercial, institutional, 
and urban open space uses. Most of the devel
oped land was concentrated in the southern 
portion of the watershed in Milwaukee and 
Waukesha Counties. The developed areas of the 
watershed in Milwaukee County are generally 
provided with a full range of municipal street 
improvements, including paved streets with 
curbs and gutters and attendant storm sewers. 
In Washington and Waukesha Counties some of 
the developed areas are provided with a full 
rang'e of municipal street improvements, includ
ing paved streets with curbs and gutters and 
attendant storm sewers, while other developed 
areas are provided with paved streets with road 
ditches. In Ozaukee County drainage is gener
ally provided with road ditches discharging to 
surface swales and natural watercourses. 

The flood profile for the Menomonee River is 
shown as Figure 69. The extent of the 100-year 
recurrence interval flood hazard area under 
planned land use and existing channel condi
tions is shown on Map 152. 

Evaluation of Alternative Flood 
Control and Related Drainage System 
Plans for the Menomonee River 
The alternative flood control measures consid
ered under the watershed study are presented 
below, together with their estimated costs. Based 
upon an evaluation of those alternatives, a final 
composite flood control plan was recommended 
for the Menomonee River in the watershed plan. 
That plan has been further refined as part of 
this system planning effort. The refined recom
mended plan as developed under this study is 
presented below by stream reach. 

City of Milwaukee from the 27th Street Viaduct 
to IH 94: Because the extensive structural flood 
control measures which were constructed in this 
reach have significantly reduced the flood 
damage potential, it was not necessary that a 
full range of alternatives be examined under the 
watershed study. The watershed study concluded 
that the existing 0.50-mile-Iong floodwall at the 
Falk Corporation property near the 27th Street 
Viaduct and the existing 0.64-mile-Iong sheet 
pile floodwall on the east side of the river at the 
former Chicago, Milwaukee, St. Paul & Pacific 
Railroad' Company yards had adequate heights 
to contain the 100-year recurrence interval flood 
stage under planned land use and channel 
conditions with a minimum of two feet of 
freeboard.3 The watershed study also concluded 
that the 0.49-mile-Iong earthen dike along the 
south side of the former railway yards would be 
overtopped during a 100-year recurrence interval 
flood under planned land use and channel 
conditions. 

Refined Flood Control System Plan: Under the 
watershed study, the 27th Street Viaduct was 
considered to be hydraulically insignificant. 
Subsequent hydraulic analyses conducted dur
ing the design of a replacement viaduct indi
cated that the concrete bases of the then-existing 
viaduct piers did create backwater. That back
water caused submergence of the Falk dam, 
located 0.12 mile upstream, under flood flow 
conditions. The replacement viaduct, which was 
completed in 1980, was designed to create about 
the same backwater effect under planned 100-
year recurrence interval flood conditions as the 
former viaduct. Therefore, the Falk dam does not 
create a significant backwater effect under flood 
conditions and its removal is not necessary for 

3 At the time of the watershed study, Commis
sion standards recommended that dikes and 
floodwalls have two feet of freeboard above the 
100-year recurrence interval flood stage. Since 
that time, Chapter NR 116 of the Wisconsin 
Administrative Code, dealing with floodplain 
management, was revised to require three feet of 
freeboard above the lOO-year recurrence interval 
stage. Therefore, to meet State regulations, dikes 
and floodwalls must now have three, rather than 
two, feet of freeboard above the 100-year recur
rence interval stage. 
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flood control purposes, as shown of Figure 69. 
The pool above the dam is used by the Falk 
Corporation to provide cooling water for its 
operations. 

A recent local development plan for the Meno
monee River Valley prepared by the City of 
Milwaukee Department of City Development sets 
forth a goal of removal of the Falk dam to permit 
fish migration and small boat access to 
upstream reaches of the River.4 While removal 
of the dam is not required for flood control 
purposes, such removal would not be inconsis
tent with this flood control system plan in that 
removal would create a relatively minor local
ized decrease in upstream flood stages and 
would have no significant effect on downstream 
flood stages. 

The new 27th Street Viaduct configuration was 
included in the refined hydraulic simulation 
model used for this system planning effort. 
Based on the revised 100-year recurrence inter
val flood profIle under planned land use and 
channel conditions, it was found that the flood
wall at the Falk Corporation was adequate to 
contain the 100-year recurrence interval flood 
with from 0.0 to 2.8 feet of freeboard; the earthen 
dike along the former railway yards was ade
quate to contain the 100-year recurrence interval 
flood with from 0.0 to 3.0 feet of freeboard; and 
the flood wall along the former railway yards 
would contain the 100-year flood with 3.0 feet of 
freeboard. The watershed study recommenda
tions were refined to call for the provision of 3.0 
feet of freeboard above the 100-year stage at the 
Falk Corporation floodwall and at the dike along 
the south side of the former railway yard. The 
crest of the Falk floodwall would be raised to 
elevation 595.5 feet National Geodetic Vertical 
Datum (NGVD) at its downstream end and to 
elevation 599.1 feet NGVD at its upstream end. 
Throughout the length of the floodwall, the crest 
would be raised from 0.2 to 3.0 feet. The crest of 
the dike would be raised from 0.0 to 3.0 feet to 
establish a top elevation of about 600 feet NGVD 
throughout its length. No increase in height is 
required in the floodwall along the former 
railway yards. The cost of providing freeboard 

4City of Milwaukee Department of City Develop
ment, A Plan for the Menomonee Valley, pre
pared in cooperation with the City Department 
of Public Works, March 5, 1990. 
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for the approximately 2,500-foot-Iong Falk Cor
poration floodwall is estimated at $150,000. The 
cost of raising the approximately 2,500-foot-Iong 
earthen dike along the former railway yard is 
estimated at $90,000. The sections of dike and 
floodwall to be raised are shown on Map 153. 
The peak flood profile attendant to planned land 
use and channel conditions is shown on 
Figure 70. 

The City of Milwaukee is considering the 
re-creation of an approximately 30-acre wetland 
area along the south bank of the river between 
the 27th Street and the 35th Street Viaducts. It 
is not anticipated that the proposed wetland 
would have a significant impac~ on flood flows 
and stages along the river. 

A part of the former railway yard property is 
now owned by the State of Wisconsin and a part 
is owned by the CMC Corporation. Those com
bined properties are one of several sites under 
consideration as a potential location for a new 
baseball stadium to be constructed by the 
Milwaukee Brewers Baseball· Club or as a 
potential site for new commercial development. 
In the event of the construction of a baseball 
stadium or a commercial development, the flood 
control objectives of this plan could be met by 
raising the height of the existing earthen dikes 
to provide three feet of freeboard during a 
100-year flood or by filling the property to an 
approximate elevation of 599 feet NGVD, which 
is two feet above the 100-year flood level. For 
cost-estimating purposes, it was a,ssumed that 
the existing steel sheet floodwall would be 
retained and that the existing dikes would 
be raised. 

Flood Control and Related Drainage System 
Plan Implementation: It is recommended that 
the District design, construct, and maintain the 
proposed dike and floodwall raises. 

City of Milwaukee from IH 94 to W. Michigan 
Street Extended: In the 1960's, the channel in 
the 0.80-mile-Iong reach from IH 94 through 
N.45th Street was deepened and paved with 
concrete as part of the District flood control 
program. A primarily residential area located 
along the east bank of this reach, extending 
from the Soo Line (former Chicago, Milwaukee, 
St. Paul & Pacific Railroad) railway bridge just 
upstream of IH 94 to W. Michigan Street 
extended, was identified in the watershed study 
as a 100-year flood hazard area under planned 



Table 96 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES FOR THE MENOMONEE RIVER 
IN THE CITY OF MILWAUKEE FROM IH 94 TO W. MICHIGAN AVENUE EXTENDED 

Costs Benefit-Cost Analysis 

Annual 

Annual Benefits Economic 
Minus Benefit- Ratio 

Amortized Operation and Annual Annual Cost Greater 

Alternative Description Capital Capitala Maintenance Other Total Benefits Costs Ratio than One 

1. No Action .. $ 0 $ 0 $ 0 

2. Structure Floodproof- Floodproof 74 340,000 23,000 0 
ing, Elevation, and structures 
Removal Elevate one 30,000 

structure 

Subtotal $ 370,000 

3. Oikes, Floodwalls, and Construct 200 $ 28,000 $142.300 $22,700 
Stormwater Pumping feet of earthen 

dike 
Construct 1 ,200 387,000 
feet of con-
crete floodwall 

Construct two 1,820,000 
stormwater 
pumping 
stations 

Subtotal $2,235,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

land use and channel conditions. The hydrologic 
and hydraulic analyses conducted under this 
system planning effort reaffirmed this finding of 
the watershed study. 

The watershed study recommended that the 
existing channel be supplemented with construc
tion of an approximately 1,400-foot-long flood
wall along the east bank of the reach and that 
three backwater gates and two stormwater 
pumping stations be provided. Under this sys
tem planning effort, it was determined to 
re-analyze three alternative plans for alleviating 
the flood damage problem in this reach: 
1) Alternative Plan I-No Action; 2) Alternative 
Plan 2-Structure Floodproofing and Removal; 
3) Alternative Plan 3-Dikes, Floodwalls, and 
Storm water Pumping Stations. 

Each alternative system is described briefly 
below. The economic benefits and costs atten
dant to each alternative are provided in 
Table 96. 

$3,100 $ 3,100 $ 0 $ -3,100 .. No 

0 23.000 3.100 -19.900 0.13 No 

$ .. $165,000 $3,100 $-161,900 0.02 No 

Alternative Plan l-No Action: One alternative 
course of action with respect to the flood problem 
is to do nothing, that is, to recognize the 
inevitability of flooding but to deliberately 
decide not to mount a collective, coordinated 
program to abate the flood damages. Under 
planned year 2000 land use and existing channel 
conditions, the average annual flood damages 
would approximate $3,100. The damages from a 
100-year recurrence interval flood may be 
expected to approximate $365,000. There are no 
monetary benefits associated with this alterna
tive. The average annual cost would be equiva
lent to the annual flood damage costs under 
planned land use conditions, or about $3,100. 

Alternative Plan 2-Structure Floodproofing, 
Elevation, and Removal: A structure floodproof
ing and elevation flood control system was 
analyzed to determine if such a structure-by
structure approach would be a technically 
feasible and economically viable solution to the 
flood problem. The 100-year recurrence interval 
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flood stage under planned year 2000 land use 
and planned channel conditions was used to 
estimate the number of existing flood-prone 
structures to be floodproofed and the approxi
mate 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 base
ments if the estimated cost of elevating the 
structure and flood proofing the basement was 
less than the estimated 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 aes
thetic reasons, s tructure elevation was limited to 
a maximum of four feet. Structures which would 
have to be elevated more than four feet were 
considered for removal. 

The area for which structure flood proofing and 
elevation was considered is shown on Map 154. 
Of the 75 structures which may be expected to 
incur flood damage from a 100-year flood , 74 
would have to be flood proofed and one would 
have to be elevated. Future damage from floods 
up to and including the 100-year flood would be 
virtually eliminated if this alternative were fully 
implemented. 

Assuming that these structure flood proofing 
measures would be fully implemented , and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $23,000. This cost consists of the 
amortization of the $370,000 capital cost, 
$340,000 for floodproofing and $30,000 for 
structure elevation. The average annual flood 
damage abatement is estimated at $3,100, yield
ing a benefit-cost ratio of 0.13. 

Alternative Plan 3-Dikes , Floodwalls, and 
Storm water Pumping Stations: This alternative 
system plan consists of the construction of 200 
feet of earthen dike, 1,200 feet of concrete 
floodwall, and two stormwater pumping sta
tions, as shown on Map 155. The dikes and 
flood walls would be designed to pass the 100-
year recurrence interval flood with three feet of 
freeboard. The maximum height of the dike 
would be eight feet and the maximum height of 
the floodwall would be six feet. Implementation 
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of this alternative would essentially eliminate all 
damages attendant to floods up to and including 
the 100-year recurrence interval flood. 

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 $165,000. This cost consists of the 
amortization of the $2,235,000 capital cost, 
including $28,000 for dikes, $387,000 for flood
walls, and $1,820,000 for pumping stations, and 
$22,700 in annual operation and maintenance 
costs . The average annual flood damage abate
ment is estimated at $3,100, yielding a benefit
cost ratio of 0.02. 

Evaluation of Alternatives: All of the alterna
tives described above were found to be techni
cally feasible. Although it offers the lowest cost, 
Alternative Plan I, the "no action" alternative, 
does nothing to alleviate the existing flood 
problem and does not represent a sound 
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approach to flood control. None of the alterna· 
tives was found to have a benefit·cost ratio 
greater than one. 

Alternative Plan 2- Structure Floodproofing, 
Elevation, and Removal- has the lower cost of 
the two alternatives besides the "no action" 
alternative. Complete implementation of a 
voluntary structure flood proofing and elevation 
program is unlikely; however, because only 
basement floodproofing is required at 74 of the 
75 affected structures, this alternative might be 
implemented with some success. Partial imple· 
mentation would leave the City of Milwaukee 
with a residual problem whenever a major flood 
occurs. Also, yard damages and cleanup costs 
would remain under this alternative. 

Alternative Plan 3- Dikes, Floodwalls, and 
Storm water Pumping Stations-would abate 
structural flood damages, but would be 
extremely costly and would rely on the proper 

operation of stormwater pumps which may be 
rendered inoperable if their power source is cut 
during a major storm. 

It is recommended that Alternative Plan 2-
Structure Floodproofing, Elevation, and 
Removal-be implemented for this reach of the 
river. The recommended plan is shown graphi· 
cally on Map 153. The peak flood profile atten· 
dant to planned land use and channel conditions 
is shown on Figure 70. Full implementation of 
this plan would serve to eliminate structural 
flood damages in this reach of the Menomonee 
River for floods up to and including the 100-year 
recurrence interval flood under planned land use 
and channel conditions. 

Flood Control and Related Drainage System 
Plan Implementation: The recommended flood 
control plan would be implemented by the 
individual property owners within the 100-year 
floodplain. It is recommended that these private 
owners bear the cost of structure flood proofing 
or removal. It is further recommended that the 
professional services required to prepare plans 
for the floodproofing and elevation of individual 
buildings be made available to property owners, 
at no cost, by the City of Milwaukee engineering 
department. Also, it is recommended that the 
City of Milwaukee review its building ordinance 
to ensure that appropriate floodproofing regula
tions are included. It is recommended that the 
City explore, on behalf of the property owners 
involved, any available state and/ or federal aids 
for such floodproofing measures. 

City of Milwaukee from W. Michigan Street 
Extended at River Mile 3.97 to N. 43rd Street at 
River Mile 4.33: The watershed study identified 
potential flooding problems along the west bank 
of this reach during a 100-year recurrence 
interval flood under planned land use and 
channel conditions. The study recommended 
that the existing concrete-lined channel be 
supplemented with a flood wall and storm water 
pumping stations. The refined analysis of this 
reach conducted under this study indicated that 
the 100-year recurrence interval flood flows may 
be expected to be lower than those developed 
under the watershed study. The reasons for this 
are discussed in the Flood Discharges and 
Stages section of this report. Accordingly, this 
system planning effort did not identify a flood-
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Table 97 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES FOR THE MENOMONEE 
RIVER IN THE CITY OF MILWAUKEE BETWEEN N. 45TH STREET AND N. 60TH STREET EXTENDED 

Costa 

Amortized Operation and Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ 0 $ 0 $ 0 $97,200 $ 97,200 0 

2. Structure Floodproofing 640,000 40,600 0 0 40,600 2.39 

3. Major Channel 5,519,600 350,200 800 0 351,000 0.28 
Modifications 

4. Dikes and Floodwalls 4,984,400 316,400 9,600 0 326,800 0.30 

5. Bridge Alteration or - -c __ c - -c __ c __ c - -
Replacement Flood-
proofing and Removal 

aCosts are expressed in 1986 dollars. 

b A mortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

cNo costs were computed as this alternative was found to be technically infeasible. 

Source: SEWRPC. 

ing problem under planned land use and chan
nel conditions. Therefore, no recommended 
improvements are recommended for this reach. 

N. 43rd Street Extended at River Mile 4.33 in the 
City of Milwaukee through Glenview Avenue 
Extended at River Mile 6.88 in the City of 
Wauwatosa: The watershed study identified 
potential flooding problems along both the north 
and south banks of the reach of the Menomonee 
River from River Mile 4.24 through 4.38 during 
a lOO-year recurrence interval flood under 
planned land use and channel conditions. The 
watershed study recommended that the existing 
concrete-lined channel be supplemented with a 
floodwall and stormwater pumping stations. The 
refined analysis of the reach from River Mile 
4.24 through 4.38 which was conducted under 
this study indicated that the lOO-year recurrence 
interval flood flows may be expected to be lower 
than those developed under the watershed study. 
The reasons for this are discussed in the Flood 
Discharges and Stages section of this report. The 
refined analysis did identify the potential for 
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damages along the south bank of that reach. 
That flooding would be primarily attributable to 
overflow of the bank upstream of River 
Mile 4.38; therefore, the recommended flood 
control measures between River Mile 4.24 and 
4.38' were formulated in conjunction with the 
measures for the reach from River Mile 4.38 
through River Mile 6.88. 

The watershed study considered a total of five 
flood control alternatives for the reach from 
N. 45th Street through N. 60th Street in the City 
of Milwaukee. These alternatives included the 
following: 1) No Action; 2) Floodproofing of 
Structures; 3) Channel Modifications; 4) Dikes 
and Floodwalls; and 5) Bridge Alteration or 
Replacement. The estimated cost of each of these 
alternatives, as well as the attendant benefit
cost ratio, is presented in Table 97. 

A total of five flood control alternatives were 
initially considered from N. 60th Street through 
Glenview Avenue extended in the City of Wau
watosa. These alternatives include the following: 



Table 98 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES FOR THE 
MENOMONEE RIVER IN THE CITY OF WAUWATOSA DOWNSTREAM OF HARWOOD AVENUE 

Costa 

Amortized Operation and Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ 0 $ 0 $ 0 $661,800 $661,800 0 

2. Structure Floodproofing 6,800,000 433,600 0 0 433,600 1.53 
and Removal 

3. Major Channel 9,263,200 587,600 1,800 0 589,400 1.12 
Modification 

4. Dikes and Floodwalls 5,902,000 374,400 15,400 0 389,800 1.70 

5. Combination of 11.998,800 761,200 1,200 0 762,400 0.87 
Channelization and 
Structure Floodproofing 
and Removal 

aCosts are expressed in 1986 dol/ars. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

1) No Action; 2) Floodproofing and Removal of 
Structures; 3) Channel Modifications; and 
4) Dikes and Floodwalls. The estimated cost of 
each of these alternatives, as well as the atten
dant benefit-cost ratio, is presented in Table 98. 

The initial recommendation of commission staff 
called for channelization within the City of 
Wauwatosa and structure floodproofing in the 
City of Milwaukee. The channelization was 
recommended to extend 0.5 mile into the City of 
Milwaukee in order to substantially reduce flood 
stages near the eastern limits of Wauwatosa and 
to achieve an acceptable downstream transition 
with the existing channel. Following review of 
the channelization plan for Wauwatosa, the 
Menomonee River Watershed Committee 
requested that an additional alternative, combin
ing channel modification, structure floodproof
ing, and structure removal be developed. That 
plan was finally recommended for adoption by 
the Committee because it would retain the 
"natural" character of the stream in critical 
areas; would provide for a locally proposed 

expansion of Hart Park through structure 
removal to the east of the Park; and would offer 
a long-range solution to the perceived problem of 
decreasing property values in the area bounded 
by Hart Park on the west, W. State Street on the 
north, N. 70th Street on the east, and the 
Menomonee River on the south. The estimated 
cost of that alternative and the attendant 
benefit-cost ratio are presented in Table 98. 

Subsequent to a series of informational meetings 
and a public hearing on the plan, the Watershed 
Committee reconsidered and revised its recom
mendation for the reach of the River through the 
City of Wauwatosa. The plan for structure 
floodproofing and removal between W. Harwood 
Avenue and N. 70th Street, as initially recom
mended by the Watershed Committee, was 
opposed by some residents favoring channeliza
tion, others opposed channelization on environ
mental and aesthetic grounds, while still others 
favored structure removal. In addition, the 
Wauwatosa Common Council adopted two reso
lutions. The first of these indicated support of 
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channel cleaning and minor channel modifica
tion and the second indicated opposition to any 
major channel modifications, not only within 
the City, but anywhere in the watershed. 

After careful consideration of the public com
ments and the Common Council resolutions, the 
Watershed Committee reiterated its recommen
dation for structure floodproofing and removal 
between W. Harwood Avenue and N. 70th Street 
and recommended that a channelization-dike 
and floodwall sub alternative be implemented 
downstream of N. 70th Street in the City of 
Wauwatosa. The sub alternative for the reach 
downstream of N. 70th Street called for a 
rectangular concrete channel having a width 
approximately equal to the existing bank-to
bank width of the River in the reach with a 
depth sufficient to convey the 100-year recur
rence interval flood flow under planned land use 
and channel conditions within the confines of 
dikes and floodwalls having a maximum height 
of about four feet above existing ground grade. 
Under the sub alternative, the channel modifica
tion would extend 0.93 mile into the City of 
Milwaukee to N. 45th Street. A seven-foot-high 
drop structure would be provided on the down
stream side of N. 70th Street and a three-foot
high drop structure at N. 45th Street. The option 
of substituting stepped channel sidewalls con
structed of rock gabions was made available to 
provide a more natural appearance for the 
channel and to avoid potential safety problems 
associated with vertical sidewalls. It was noted 
that the use of gabions, which have a greater 
hydraulic roughness than concrete, would 
require deepening the channel by up to three 
feet. A substantial reduction in flood damages in 
the City of Milwaukee upstream of N. 45th Street 
would also be achieved through implementation 
of the subalternative. Therefore, the floodproof
ing recommendation for the City of Milwaukee 
was retained, but the scope and expense of the 
flood proofing was reduced. 

The total capital cost of the recommended 
channelization-dike and floodwall plan from 
N.45th Street through N. 70th Street and the 
structure floodproofing and removal plan from 
N. 70th Street through Harwood Avenue as 
estimated for the watershed study, expressed in 
1986 dollars, would be $10,931,000. Utilizing an 
annual interest rate of 6 percent and a project 
life and amortization period of 50 years, the 
average annual cost of the plan is estimated to 
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be $704,700, including $10,600 in annual opera
tion and maintenance costs. The benefit-cost 
ratio of the plan is estimated to be 1.28. 

Recommended Flood Control System Plan: The 
flood control plan developed as part of this 
system planning effort represents a refinement 
of that proposed under the watershed study. 
Incorporated into this recommendation are the 
results of the hydrologic and hydraulic analyses 
conducted as a part of this system plan, updated 
topographic information, and current recreation 
and redevelopment plans which impact on the 
recommended plan. 

As shown on Map 156, the flood control plan for 
this reach of the Menomonee River consists of 
a combination of channel modification, dike 
construction, and structure floodproofing and 
elevation. Full implementation of this plan 
would serve to eliminate structural flood dam
ages in this reach of the Menomonee River for 
floods up to and including the lOO-year recur
rence interval flood under planned land use and 
channel conditions. The peak flood profile 
attendant to planned land use and channel 
conditions is shown on Figure 71. 

A structure floodproofing and elevation flood 
control system was found to be a technically 
feasible solution to the residual flood problem 
following channel modification and dike con
struction. The 100-year recurrence interval flood 
stage under planned land use and channel 
conditions was used to estimate the number of 
existing flood-prone structures to be floodproofed 
and the approximate costs involved. 

In the case of residential structures, floodproof
ing 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 and 
floodproofing the basement was less than the 
estimated 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 ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures which would have to be elevated more 
than four feet were considered for removal. 

As set forth below, following channel modifica
tion and dike construction, residual structural 



damages in the reach from N. 43rd Street 
through Glenview Avenue extended could be 
eliminated during floods up to a 100-year recur
rence interval under planned land use conditions 
by floodproofing 23 structures in the City of 
Milwaukee, and 11 structures in the City of 
Wauwatosa, and by elevating one structure in 
the City of Milwaukee. 

Channel deepening is recommended for the 
2.24-mile-Iong reach from the pedestrian bridge 
upstream of Hart Park in Wauwatosa through 
the existing drop structure at N. 45th Street in 
Milwaukee. The channel modifications call for 
lowering the existing streambed about nine feet 
at N. 70th Street and about five feet at N. 45th 
Street, as shown on Figure 71. Based on soil and 
rock borings taken for the Metropolitan Sewer
age District's deep t~nnel project,5 the bedrock 
surface profile along the river channel align
ment was estimated as shown on Figure 71. The 
profile indicates that the modified channel 
would have to be constructed partially in rock 
for about one mile of its total length of 
2.24 miles. 

The recommended modified channel would not 
cause significant disturbance of the existing 
streambanks and the existing trees and vegeta
tion along the banks would essentially be 
retained. The modified channel would consist of 
a low-flow channel and a flood control channel 
as shown on Map 156. The three-foot-deep, 
riprap-lined trapezoidal low-flow channel would 
have a four-foot bottom width and one vertical 
on 2.5 horizontal side slopes. The two- to six-foot
deep flood control channel would have stepped 
sidewalls constructed of bedrock, rock gabions, 
or limestone blocks at an approximate average 
slope of 0.5 horizontal on one vertical. The 
channel bottom width, including the low-flow 
channel, would be about 51 feet. The existing 
cobbles, boulders, and rock slabs in the 
streambed would be saved during excavation 
and used to line the flood control channel bed in 
those reaches where the channel is constructed 
in alluvial material. Vegetation might be estab
lished in the interstices of the gabions, creating 
a more natural appearance for the channel 
sidewalls. 

5Contract Documents-Crosstown Interceptor and 
Inline Pump Station, Volume III-Geotechnical 
Report with Supplements, September 1982. 

Upstream from N. 70th Street, the channel 
modifications would be limited to those neces
sary to provide an adequate transition from the 
deepened downstream channel. The low-flow 
and flood control channels in that reach would 
have the same shape and dimensions as in the 
downstream reach except that the flood control 
channel transition section would only have a 
19-foot bottom width. That transition section 
would extend for about 0.3 mile upstream from 
N. 70th Street. 

There are existing limestone retaining walls 
along the streambanks in several sections of the 
reach for which channel modifications are pro
posed. The modified channel sidewalls would be 
constructed adjacent to, and below, those existing 
walls. A structural analysis of the existing walls 
should be performed preceding implementation of 
the recommended improvements, and any neces
sary repairs should be made prior to, or as part 
of, channel modification. 

The recommended channel work would necessi
tate the modification of the existing foundations 
of the N. 68th Street bridge. In addition, the 
N.70th Street bridge and the private bridge at 
River Mile 4.84 would have to be replaced. 6 

The recommended channel deepening would 
require alteration of several sanitary sewers and 
water mains which cross beneath the River. 

An approximately 1,450-foot-Iong earthen dike 
would be constructed along the north bank of the 
River adjacent to an industrial area located 
downstream from N. 68th Street, near Jacobus 
Park. With the exception of a low 150-foot-Iong 
section on private property at the downstream 
end, the dike would be located entirely on 
Milwaukee County park land. The dike would 
have a maximum height of about eight feet to 
provide three feet of freeboard and would 
improve riparian aesthetics by screening the 
industrial area from the view of an observer 
standing near stream level in Jacobus Park. The 

6The channel modification as presented in this 
section of the report would require replacement of 
the N. 70th Street bridge; however, the refined 
recommended plan set forth in a subsequent 
section eliminates the need for that bridge 
replacement. 
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Map 156 
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Figure 71 
RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE MENOMONEE RIVER FROM W. WISCONSIN AVENUE TO SWAN BOULEVARD 
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dike crest elevation would range from about 
637 feet NGVD at its downstream end to about 
641 feet NGVD at its upstream end. In the 
facilities design stage, it is recommended that the 
dike be aligned so that mature trees along the 
bank are preserved to the extent possible. The 
dike and modified channel in the reach along 
Jacobus Park would be aligned to avoid any 
disturbance of the south streambank in order to 
preserve the rare and valuable plant species 
which have been identified along the bank. The 
recommended channel modifications would 
remove approximately 50 buildings from the 
100-year floodplain in the Cities of Milwaukee 
and Wauwatosa along the reach from N. 68th 
Street to N. 43rd Street, but approximately 
56 buildings would remain in the floodplain 
without construction of the recommended dike. 
Construction of the dike along this reach would 
remove 27 of those buildings from the floodplain, 
leaving only 23 to be floodproofed and one to be 
elevated in the City of Milwaukee, and five to be 
floodproofed in the City of Wauwatosa. 

Local runoff from the area bounded by N. 68th 
Street on the west, the Soo Line (formerly 
Chicago, Milwaukee, St. Paul & Pacific Railroad) 

. railway embankment on the north, N. 60th Street 
extended on the east, and the recommended dike 
on the south would collect on the landward side 
of the dike. In order to avoid the cost of construct
ing stormwater pumping stations, estimated at 
about $1,500,000, the storm sewer outlet in 
N.63rd Street extended would not be provided 
with a backwater gate but additional storm sewer 
capacity would be provided to handle runoff 
blocked by the proposed dike. That runoff would 
have to be collected and conveyed to the location 
of the existing storm sewer outfall in N. 63rd 
Street extended. Because it would be necessary 
for the collection and conveyance facilities to 
have adequate hydraulic capacity to convey the 
peak flow of about 160 cubic feet per second (cfs) 
from a 100-year recurrence interval event, the 
existing 36-inch-diameter reinforced concrete 
storm sewer outlet in N. 63rd Street would have 
to be replaced with a 66-inch-diameter pipe. Five 
buildings north of the dike would remain in the 
100-year floodplain. It is recommended that those 
buildings be floodproofed. 

A 9-foot by 5.5-foot concrete box storm sewer 
discharges to the river just east ofN. 62nd Street 
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extended. That storm sewer drains a large area 
extending west beyond N. 76th Street and north 
to W. North A venue, collecting runoff from 
Schoonmaker Creek. The reduced flood stages in 
the Menomonee River due to construction of the 
recommended channel modification would 
improve the hydraulic efficiency of that storm 
sewer under flood conditions. There would only 
be minor backup from the river through the 
sewer, producing localized, shallow street flood
ing along an approximately 400-foot section of 
W. State Street. The minor inconvenience due to 
such street flooding would not merit the provi
sion of backwater gates and provision of a 
stormwater p~ping station for the box sewer. 

City staff has indicated that there are no longer 
any plans to expand Hart Park eastward to 
N.70th Street. Therefore, the structure removal 
recommendation of the watershed study for the 
area bounded by Hart Park, W. State Street, 
N.70th Street, and the River was reevaluated 
under this system planning effort. The water
shed study recommended removal of all build
ings in that area, whether in or out of the 
floodplain, in order to solve the flooding problem 
and provide usable park land. Once the locally 
proposed recreation objective no longer exists, 
there is no need to acquire all buildings in the 
area. The recommended channel modifications 
alone would remove approximately 80 buildings 
from the 100-year floodplain in the reach from 
N. 68th Street through Hart Park, but 21 build
ings, including those in Hart Park, would 
remain in the floodplain. Construction of a dike 
along this reach would remove 20 of those 
buildings from the floodplain. 

It is recommended that a 1,650-foot-Iong, two- to 
eight-foot-high dike be constructed along the 
north bank adjacent to Hart Park in Wauwa
tosa. The dike would terminate at N. 72nd Street 
to avoid having to provide expensive stormwater 
pumping facilities to handle runoff from the 
relatively large area draining to the river east of 
N. 72nd Street. This would leave one residence 
in the floodplain. It is recommended that the 
residence be floodproofed. Under the proposed 
dike alignment, one small pumping station 
would be provided to handle localized storm
water runoff from a relatively small drainage 



area in Hart Park. A storm sewer or swale would 
be provided along the landward side of the dike 
to convey runoff to the pumping station? 

To accommodate the recommended Menomonee 
River streambed elevation without providing 
drop structures along Honey Creek, it would be 
necessary to lower the Honey Creek streambed 
up to seven feet in the 0.17-mile-Iong reach 
between the Honey Creek Parkway bridge and 
its confluence with the Menomonee River. It is 
recommended that the Honey Creek streambed 
be lowered by constructing a channel below the 
existing streambed and within the existing 
banks. As shown on Map 170, that could be 
accomplished with a trapezoidal channel, hav
ing a four-foot-wide bottom and average side 
slopes of 0.7 horizontal to one vertical. The 
stepped channel sidewalls would be constructed 
of rock gabions or limestone block, in a manner 
similar to those recommended for the Menomo
nee River. Costs for the channel modification 
along this reach of Honey Creek are included in 
the Menomonee River costs because the modifi
cations along Honey Creek are solely required 
because of the recommended modification along 
the Menomonee. The reach of Honey Creek near 
its confluence with the Menomonee River is 
experiencing severe erosion problems. Bank 
stabilization measures for that reach should be 
considered during the design of the recom
mended channel modifications. 

Floodproofing of two commercial buildings and 
three industrial buildings located upstream of 
Hart Park in the vicinity of Harwood Avenue 
and the Harmonee A venue Bridge is also 
recommended. 

The changes in the flood discharges which may 
be expected along the Menomonee River as a 
result of the recommended channel modification 
are provided in Table 99. No increase in the 
100-year flood discharge would be anticipated 
downstream from River Mile 3.21. In the 
1.l2-mile-Iong reach from River Mile 3.21 

7 Under the refined recommended plan presented 
in a subsequent section of this chapter, the need 
would be eliminated for the downstream 840 feet 
of the proposed dike and for the proposed 
stormwater pumping station. 

through River Mile 4.33, the increased flood 
flows may be expected to result in increases of 
from 0.05 to 0.22 foot in the 100-year recurrence 
interval flood stage under planned land use and 
channel conditions. With the exception of the 
0.24-mile-Iong reach from River Mile 3.71 to 3.95 
and the 0.07-mile-Iong reach from River 
Mile 4.26 to 4.33, those 100-year stage increases 
would essentially be contained within the mod
ified channel. In the 600-foot reach from River 
Mile 4.33 through 4.45, the increased flood flows 
may result in localized 100-year flood stage 
increases of 0.22 to 0.55 foot. Upstream from 
River Mile 4.45, 100-year flood stages would be 
reduced by 0.4 to 6.7 feet due to the increased 
hydraulic capacity provided by the recom
mended channel modifications. 

The potential increases in the 100-year flood 
stage under planned land use and channel 
conditions were considered in the development of 
the recommended plans for the entire reach 
downstream from the recommended channel 
modifications. Implementation of the recom
mended plan for each part of that downstream 
reach, as set forth above, would essentially 
eliminate all flood related damages to existing 
structures along the Menomonee River from 
River Mile 4.45 through the downstream end of 
the study reach at Falk Dam at River Mile 2.22. 
However, because the 100-year recurrence inter
val flood stage would be expected to increase by 
more than 0.01 foot downstream of the recom
mended channel modification, it may be neces
sary to make legal arrangements with affected 
downstream property owners prior to construc
tion of the recommended channel modifications. 

Utilizing an annual interest rate of 6 percent 
and a project life and amortization period of 50 
years, the average annual cost of the recom
mended plan for this reach is estimated at 
$464,000. This cost consists of the amortization 
of the $7,116,000 capital cost, including 
$4,737,000 for channel modification, $185,000 for 
dikes, $792,000 for structure floodproofing or 
elevation, $485,000 for stormwater pumping 
stations and stormwater drainage facilities, 
$838,000 for bridge removal and replacement, 
and $79,000 for bridge foundation modification, 
plus $12,000 in annual operation and mainte
nance costs. The average annual flood damage 
abatement benefit is estimated at $129,000, 
yielding a benefit-cost ratio of 0.28. 
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Table 99 

IMPACT OF RECOMMENDED FLOOD CONTROL PLAN FOR THE 
MENOMONEE RIVER DOWNSTREAM OF GLENVIEW AVENUE EXTENDED 

AT RIVER MILE 6.88 ON 100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGE 

River 
Stream Location Mile 

Menomonee River At mouth 0.00 

S. 32nd Street extended 2.45 

Upstream of confluence 3.21 
with Woods Creek 

Soo Line Railway 4.24 

N. 70th Street 6.10 

Upstream of confluence 6.24 
with Honey Creek 

Source: SEWRPC. 

It should be noted that the economic analysis for 
the watershed study assumed benefits for elimi
nation of secondary flooding due to the imple
mentation of the recommended flood control 
measures, while the analyses herein presented 
do not. As a result, the total benefit amounts 
determined under the watershed study are 
higher than those determined under this study. 
It should be recognized that the flood control 
measures recommended here would indeed pro
duce some secondary flooding benefits. Thus, the 
actual benefit cost ratios may be expected to be 
higher than those herein presented for the 
recommended plan. 

Refinement of Recommended Flood Control 
System Plan: During the June 14, 1990, meeting 

. of the Technical Advisory Committee, the Engi
neer of the City of Wauwatosa requested that 
additional consideration be given to the possibil
ity of maintaining the existing N. 70th Street 
bridge instead of replacing this bridge, as 
initially recommended. He noted that recent 
inspection had resulted in a good structural 
rating for the bridge, and that only resurfacing 
of the bridge deck was being proposed by the 
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100-Year Recurrence Interval 
Flood Discharges (cfs) 

Year 2000 Planned Land Use 

Existing Channel Recommended Percent 
Condition Plan Condition Increase 

16,800 16,800 0 

16,400 16,400 0 

14,900 15,100 1 

13,700 14,000 2 

13,600 14,000 3 

10,200 10,200 0 

City. Bridge removal and replacement was 
initially recommended in the flood control 
system plan since it was believed that the City 
would be replacing the bridge for structural 
reasons, thus minimizing the need for channel 
modifications upstream of N. 70th Street, while 
achieving the desired degree of flood control. The 
minimization of channel modification was 
intended to be as consistent as practicable with 
the position of Common Council of the City of 
Wauwatosa when the Menomonee River water
shed plan was completed in 1976. 

In response to city staff request, the commission 
staff determined that additional channel modi
fication in the vicinity of the bridge would 
permit the bridge to be maintained, while still 
accomplishing the flood control objectives of the 
plan. While the alternative approach would 
laterally expand the channel modification 
initially proposed, the modification could still be 
confined within the existing channel banks. 

The changes to the initially-recommended plan 
would all occur in the approximately one-third
mile-long reach beginning at the downstream 



Figure 72 

REFINED RECOMMENDED MODIFIED CHANNEL CROSS SECTION 
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side of the N. 70th Street bridge and proceeding 
upstream. As shown in Figure 72, the existing 
bridge could be maintained by lowering the 
streambed on either side of the bridge pier. The 
channel modification would be designed to 
minimize disturbance to the bridge foundation; 
however, some foundation modification may be 
required. By itself, the proposed channel modi
fication at the bridge would not sufficiently 
lower the upstream 100-year recurrence interval 
flood profile to eliminate the potential for 
flooding due to backwater through the N. 71st 
Street storm sewer outfall. Therefore, it is 
recommended that the modified flood control 
channel section for the first 400 feet upstream of 
the bridge be expanded from the originally
recommended 19-foot bottom width to a 51-foot 
width. The section would be similar to that 
shown on Map 156. In the next 770 feet of the 
River, the modified flood control channel width 
would transition from 51 feet to 19 feet. The 
19-foot-wide flood control channel bottom would 
be maintained for 360 feet and would then 
transition to the existing river channel section 
over the next 1,480 feet. The modified streambed 
profile would remain as shown on Figure 71. 

J 

Upstream of N. 70th Street, the reduction in the 
100-year recurrence interval flood profile due to 
the revised channel modifications would be 
sufficient to remove an additional 18 buildings 
from the existing floodplain, while enabling 
elimination of both the 840 feet of low dike 
downstream and the stormwater pumping sta
tion originally recommended for that reach. The 
stormwater pumping station would no longer be 
required because elimination of the downstream 
portion of the proposed dike would provide 
storm water runoff with an unobstructed path to 
the River. The construction of the upstream 810 
feet of proposed dike, which would remove the 
Muellner Building and the Park Administration 
and Athletic Building in Hart Park from the 
floodplain, would remain a part of the recom
mended plan. Floodproofing of one residence 
located on the west side of N. 71st Street at the 
Menomonee River would still be required under 
the refined recommended plan. 

With respect to the entire 2.24-mile-long reach of 
the Menomonee River from N. 43rd Street in the 
City of Milwaukee through Glenview Avenue 
extended in the City of Wauwatosa it is recom-
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mended that, during final project design, consid
eration be given to providing erosion protection 
for the existing streambanks above the recom
mended modified channel. Such protection 
would need to be considered only in reaches 
where there are no existing limestone retaining 
walls, or where those walls are not structurally 
adequate. 

Utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of the refined recom
mended plan for this reach is estimated at 
$386,000. This cost consists of the amortization 
of the $5,988,000 capital cost, including 
$4,797,000 for channel modification, $116,000 for 
dikes, $637,000 for structure flood proofing or 
elevation, $170,000 for storm sewers, $117,000 for 
removal and replacement of one privately-owned 
bridge, and $151,000 for bridge foundation 
modification, plus $6,000 in annual operation 
and maintenance costs. The average annual 
flood damage abatement benefit is estimated at 
$129,000, yielding a benefit-cost ratio of 0.33. The 
refined benefit-cost ratio is somewhat higher 
than the ratio of 0.28 for the initial plan. 

Consideration of Potential Redevelopment of 
the Former Jacobus Quickflash Company 
Property: At the request of the City of Wauwa
tosa, consideration was given to the impact on 
flood flows and stages on the potential for 
redevelopment of the former Jacobus Company 
heating oil tank farm located along the south 
bank of the River between River Miles 6.79 and 
6.88 near the Harmonee Avenue bridge. Any 
future redevelopment of that property for pur
poses other than appropriate open space uses 
would require filling within the floodway. Such 
filling may be expected to raise upstream 100-
year recurrence interval flood stages under 
planned land use and existing channel condi
tions a maximum of 0.03 foot in the reach from 
River Mile 6.79 through River Mile 7.47. It is 
recommended that the property be kept in open 
space uses; however, if the City should decide to 
permit redevelopment for intensive urban use, 
appropriate legal arrangements with upstream 
property owners would be required. Although 
most of the upstream floodlands are owned by 
Milwaukee County, some private property would 
also be affected in the reach extending about 
1,500 feet upstream of the redevelopment site. 
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Flood Control and Related Drainage System 
Plan Implementation: It is recommended that 
the refined recommended plan for the reach of 
the Menomonee River from N. 43rd Street 
through Glenview Avenue extended be imple
mented expeditiously through the cooperative 
efforts of the Cities of Milwaukee and Wauwa
tosa, Milwaukee County, private property 
owners, and the Milwaukee Metropolitan Sewer
age District. More specifically, it is recom
mended that the District design, construct, and 
maintain: 1) the channel modifications recom
mended from N. 45th Street at River Mile 4.45 
to the pedestrian bridge in Wauwatosa at River 
Mile 6.69; the associated bridge foundation 
modifications at N. 68th Street and N. 70th 
Street; and the private bridge removal and 
replacement at River Mile 4.84; 2) the channel 
modifications along Honey Creek from its 
confluence with the Menomonee River to the 
Honey Creek Parkway bridge at River Mile 0.17; 
and 3) the 2,260 feet of dikes proposed for the 
reach from near N. 62nd Street extended through 
Hart Park. 

It is recommended that the City of Wauwatosa 
design, construct, and maintain the proposed 
stormwater conveyance facilities near N. 63rd 
Street. It is also recommended that the City of 
Wauwatosa cooperate in the channel modifica
tions and dike construction through the provi
sion of attendant construction easements and 
rights-of-way. 

It is recommended that Milwaukee County 
cooperate in the channel modifications and dike 
construction through the provision of attendant 
construction easements and rights-of-way. 

The recommended structure floodproofing or 
elevation would be implemented by the indi
vidual property owners. It is recommended that 
these private owners bear the cost of structure 
floodproofing or removaL It is further recom
mended that the professional services required to 
prepare plans for the floodproofing and eleva
tion of individual buildings be made available to 
property owners, at no cost, by the engineering 
departments of the Cities of Milwaukee and 
Wauwatosa. Also, it is recommended that the 
Cities of Milwaukee and Wauwatosa review their 
building ordinances to ensure that appropriate 
flood proofing regulations are included. It is 
recommended that the communities concerned 



Table 100 

SUMMARY OF REFINED RECOMMENDED PLAN CAPITAL COSTS FOR THE 
MENOMONEE RIVER FROM N. 43RD STREET THROUGH GLENVIEW AVENUE 

Municipality Where 
Flood Control Measures 

Are to be Located Implementing Agency 

City of Milwaukee Milwaukee Metropolitan 
Sewerage District 

Various private 
property owners 

City of Wauwatosa Milwaukee Metropolitan 
Sewerage District 

City of Wauwatosa 

Various private 
property owners 

Source: SEWRPC. 

explore, on behalf of the property owners 
involved, any available state and/or federal aids 
for such floodproofing measures. 

The capital costs of the various components of 
the refined recommended plan are apportioned 
by agency in Table 100. 

City of Wauwatosa from W. Harwood Avenue 
through W. Capitol Drive: The watershed study 
identified a total of 220 structures as being 
located in the primary and secondary flooding 
zones in the reach of the Menomonee River 
extending from W. Harwood A venue through 

Estimated 
Flood Control Measure Capital Cost 

Channel modifications $2,176,000 
Private bridge removal 
and replacement 117,000 

Subtotal $2,293,000 

Structure floodproofing 
and elevation $ 281,000 

Total in City of Milwaukee $2,574,000 

Channel modifications $2,621,000 
Bridge modification 
attendant to channel 
modifiction 151,000 

Dikes 116,000 

Subtotal $2,888,000 

Storm sewer $ 170,000 

Subtotal $ 170,000 

Structure floodproofing $ 356,000 

Total in City of Wauwatosa $3,414,000 

Total $5,988,000 

W. Capitol Drive. Of these 220 structures, 
approximately 190 were located in the secondary 
flooding zone. 

Under the watershed study, a total of three flood 
control alternatives were analyzed from Har
wood Avenue through W. Capitol Drive in the 
City of Wauwatosa. These alternatives included: 
1) No Action; 2) Floodproofing and Removal of 
Structures; and 3) Bridge or Culvert Alteration 
or Replacement. The estimated cost of each of 
these altern;:ttives, as well as the attendant 
benefit-cost ratio, is presented in Table 101. 
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Table 101 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES FOR THE MENOMONEE 
RIVER IN THE CITY OF WAUWATOSA FROM HARWOOD AVENUE THROUGH W. CAPITOL DRIVE 

Costa 

Amortized Operation and Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ 0 $ 0 $0 $250,800 $250,800 0 

2. Structure Floodproofing 1,885,400 119,800 0 0 119,800 2.09 
and Removal 

3. Bridge Alteration or - -c __ c - -c - -c __ c - -
Removal 

aCosts are expressed in 1986 dollars. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

cNo costs were computed, since this alternative was found to be technically infeasible. 

Source: SEWRPC. 

The watershed study concluded that, while 
removal or modification of bridges producing 
backwater in excess of 1.0 foot under 100-year 
planned flood conditions would reduce local 
flood stages, monetary flood risks would not be 
significantly reduced within the flood-prone 
reaches. Thus, further technical and economic 
analyses of this alternative were not considered 
necessary. 

Under the structure floodproofing and removal 
alternative, the watershed study called for nine 
structures to be removed and 211 structures to be 
floodproofed. That alternative was recommended 
because it had a benefit-cost ratio greater than 
one and because the bridge alteration or replace
ment alternative was judged to be technically 
infeasible. The total capital cost of the recom
mended structure floodproofing and removal 
plan as estimated for the watershed study and 
updated to 1986 economic conditions would 
be $1,885,400. 

Refin~d Flood Control System Plan: The flood 
control plan developed as part of this system 
planning effort represents a refinement of that 
proposed under the watershed study. The refined 
analysis of this reach which was conducted for 
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this study did not include consideration of 
secondary flooding for the reasons already 
noted. The re-analysis identified only eight 
structures which would be expected to experience 
overland flooding during a 100-year recurrence 
interval flood under planned land use and 
channel conditions. Four of those eight struc
tures are located just upstream of the recom
mended channel modifications in the City of 
Wauwatosa. The flood control recommendations 
for those structures are, therefore, included in 
the preceding section addressing the reach from 
N. 43rd Street through Glenview Avenue 
extended. The lower number of buildings in the 
primary flooding zone as identified under this 
study is attributable to 1) lower 100-year flood 
discharges based on the simulation of flows 
using a 49-year period of record as opposed to a 
35-year period used under the watershed study, 
2) refinement of the hydraulic model used to 
calculate water surface profiles, and 3) the 
availability of updated topographic mapping. 

A structure floodproofing and elevation flood 
control system was determined to be a techni
cally feasible solution to the flood problem. The 
100-year recurrence interval flood stage under 
planned year 2000 land use and planned channel 



conditions was use to estimate the number of 
existing flood-prone structures to be floodproofed 
and the approximate costs involved. 

In the case of residential structures, floodproof
ing 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 and 
floodproofing the basement was less than the 
estimated 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 ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures which would have to be elevated more 
than four feet were considered for removal. 

As shown on Map 157, the refined flood control 
plan for this reach of the Menomonee River calls 
for floodproofing of four structures along the 
east bank of the River in the reach from N. 97th 
Street through W. Ridge Boulevard. The peak 
flood profile attendant to planned land use and 
channel conditions is shown on Figure 73. Full 
implementation of this plan would serve to 
eliminate structural flood damages in this reach 
of the Menomonee River for floods up to and 
including the 100-year recurrence interval flood 
under planned land use and channel conditions. 

Assuming that the structure floodproofing 
measures would be fully implemented, the 
capital cost of the refined recommended plan for 
this reach is estimated to be $29,000. Utilizing 
an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, the 
average annual cost of the refined recommended 
plan is estimated to be $1,800. The average 
annual flood damage abatement benefit under 
planned land use and existing channel condi
tions is estimated at $900, yielding a benefit-cost 
ratio of 0.50. 

Flood Control and Related Drainage System 
Plan Implementation: The recommended struc
ture floodproofing or elevation would be imple
mented by the individual property owners. It is 
xecommended that these private owners bear the 
cost of structure floodproofing or removal. It is 
further recommended that the professional 
services required to prepare plans for the 
flood proofing and elevation of individual build
ings be made available to property owners, at no 

cost, by the City of Wauwatosa engineering 
department. Also, it is recommended that the 
City of Wauwatosa review its building ordinance 
to ensure that appropriate floodproofing regula
tions are included. It is recommended that the 
City explore, on behalf of the property owners 
involved, any available state and/or federal aids 
for such floodproofing measures. 

Menomonee River in the Village of Menomonee 
Falls: Under the watershed study, a total of 
three flood control alternatives were considered 
in the Village of Menomonee Falls. These 
alternatives included: 1) No Action; 2) Flood
proofing and Removal of Structures; and 
3) Major Channel Modification as proposed by 
the Village. The estimated cost of each of these 
alternatives, as well as the attendant benefit
cost ratio, are presented in Table 102. The major 
channel modification alternative proposed by 
the Village was intended to abate flood damages 
and to provide a lower channel bed which would 
provide adequate outfalls for existing and 
planned storm sewers along the river. 

The commission staff recommended the use of 
structure floodproofing and removal to resolve 
existing and forecast flood problems; however, 
the Watershed Committee recommended imple
mentation of the Village's channel modification 
plan in light of the Village's commitment to 
channelization as reflected by the location and 
size and grades of existing and proposed storm 
sewers and storm sewer outfalls. 

The total capital cost of the recommended 
channel modification plan as estimated for the 
watershed study and updated to 1986 economic 
conditions would be $4,157,000. Utilizing an 
annual interest rate of 6 percent and a project 
life and amortization period of 50 years, the 
average annual cost of the plan is estimated to 
be $272,600, including $8,600 in annual opera
tion and maintenance costs. The benefit-cost 
ratio of the plan was estimated to be 0.27. 

Refined Flood Control System Plan: The flood 
control plan developed as part of this system 
planning effort represents a refinement of that 
proposed under the watershed study. The refined 
analysis of this reach which was conducted for 
this study did not include consideration of 
secondary flooding for reasons already noted. 
The watershed study identified a total of 120 
structures in the primary and secondary flood
ing zones. This system planning effort identified 
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RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE MENOMONEE RIVER FROM SWAN BOULEVARD TO W. SILVER SPRING DRIVE 
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Table 102 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES 
FOR THE MENOMONEE RIVER IN THE VILLAGE OF MENOMONEE FALLS 

Costa 

Amortized Operation and Annual Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ 0 $ 0 $ 0 $72,600 $ 72,600 0 

2. Structure Floodproofing 
and Removal 

Between Margaret 
Road Extended and 
Lilly Road 143,000 9,000 0 0 9,000 1.88 

Between Jacobson Drive 
Extended and 700 Feet 
West of Pilgrim Road 21,800 1,400 0 0 1,400 13.60 

Between Northern Vil-
lage Limits and STH 74 311,000 19,600 0 0 19,600 1.87 

Subtotal $ 475,800 $30,000 $ 0 $ 0 $ 30,000 2.42 

3. Major Channel Modifi-
cation Between North-
ern Village Limits and 
STH 74; and Between 
Arthur Avenue and the 
Eastern Limits of the 
Village $4,157,000 $264,000 $8,600 $ 0 $272,600 0.27 

aCosts are expressed in 1986 dollars. 

bAmortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

Source: SEWRPC. 

24 buildings which may be expected to experi
ence overland flooding during a 100-year recur
rence interval flood under planned land use and 
existing channel conditions. The lower number 
of buildings in the primary flooding zone as 
identified under this study is attributable to 
1) lower 100-year flood discharges in certain 
reaches based on the simulation of flows for a 
49-year period of record as opposed to a 35-year 
period for the watershed study, 2) refinement of 
the hydraulic model used to calculate water 
surface profiles, and 3) the availability of 
updated topographic mapping. 

As shown on Maps 158, 159, and 160, the refined 
flood control plan for the Menomonee River 
within the Village of Menomonee Falls consists 
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of a combination of channel modification plus 
structure flood proofing and elevation. The peak 
flood profile attendant to planned land use and 
channel conditions is shown on Figures 74, 75, 
and 76. Full implementation of this plan would 
serve to eliminate structural flood damages in 
this reach of the Menomonee River for floods up 
to and including the 100-year recurrence interval 
flood under planned land use and channel 
conditions. 

A structure floodproofing and elevation flood 
control system was analyzed to determine if 
such a structure-by-structure approach would be 
a technically feasible and economically viable 
solution to the flood problem in the reach from 
Silver Spring Road through 'Lilly Road. The 100-



year recurrence interval flood stage under 
planned year 2000 land use and planned channel 
conditions was use to estimate the number of 
existing flood-prone structures to be floodproofed 
and the approximate costs involved. 

In the case of residential structures, floodproof
ing 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 and 
floodproofing the basement was less than the 
estimated 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 ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures which would have to be elevated more 
than four feet were considered for removal. 

As a result of the re-analysis, the initial commis
sion staff recommendation for structure flood
proofing, elevation, and removal to abate flood 
damage problems in the Village of Menomonee 
Falls is reinstated at the locations shown on 
Maps 158 and 159. Those maps show eight 
buildings that are recommended to be flood
proofed and one building that is recommended 
to be elevated. 

The final recommendation of the Menomonee 
River Watershed Committee called for channel 
modification in the vicinity of Lilly Road to 
abate flood damages and to provide an adequate 
storm sewer outlet for the area north of the river. 
Based on discussions with village officials and 
on preliminary consideration of possible storm
water drainage alternatives, it was concluded 
that local stormwater drainage problems could 
probably be resolved through the provision of a 
combination of upland detention storage and 
storm sewer conveyance without deepening the 
existing channel. Therefore, because channel 
deepening is not required to resolve local storm
water drainage problems and because channel 
modification to abate flooding is obviously more 
expensive than structure floodproofing and 
elevation, structure floodproofing and elevation 
is recommended. 

Assuming full implementation of these structure 
floodproofing measures, the capital cost of the 
refined recommended plan for the reach from 
Silver Spring Road through Lilly Road is esti-

mated to be $74,000. Utilizing an annual interest 
rate of 6 percent and a project life and amorti
zation period of 50 years, the average annual 
cost of the refined recommended plan is esti
mated to be $4,700. The average annual flood 
damage abatement benefit is estimated at 
$2,400, yielding a benefit-cost ratio of 0.51. 

Channel widening and deepening is called for in 
a 0.94-mile-Iong reach from River Mile 22.02 just 
downstream of Roosevelt Drive to River 
Mile 22.96 at Erika Road extended. As shown on 
Map 161 and Figure 76, in that reach there are 
two existing storm sewer outfalls, the inverts of 
which are below the existing streambed, and 
there is one proposed outfall which would 
normally be submerged due to an adverse slope 
on the streambed which creates a ponded condi
tion in the stream. There are also approximately 
15 buildings in this reach which are located in 
the 100-year recurrence interval flood hazard 
area under planned land use and existing 
channel conditions. Those buildings would be 
removed from the flood hazard area following 
construction of the recommended channel modi
fications. Because the channel modifications are 
primarily designed to provide adequate storm 
sewer outlets and secondarily to abate flood 
damages, construction of a channel which would 
completely contain the 100-year recurrence 
interval flood under planned land use conditions 
with two feet of freeboard would be uneconom
ical; therefore, some overbank flooding into 
existing floodplain areas is permitted. It was 
also found that one upstream building at River 
Mile 23.48 in the Village of Germantown just 
north of the Washington-Waukesha County line 
would be removed from the 100-year flood 
hazard area and anticipated damages would be 
reduced at two other buildings, one at River 
Mile 24.19 and one at River Mile 24.33, due to 
reductions in the flood stage resulting from 
construction of the recommended channel 
modifications. 

The channel modification recommended for the 
reach would accomplish the dual purpose of 
abating flood damages and providing adequate 
outlets for the existing and proposed storm 
sewers. As shown on Figure 76, it is recom
mended that the streambed be lowered a maxi
mum of about four feet. As shown on Map 160, 
the modified channel section would have a 
1.5-foot-deep, turf-lined low-flow channel with 
one vertical on two horizontal side slopes and a 
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Map 158 

RECOMMENDED FLOOD CONTROL SYSTEM PLAN FOR THE 
MENOMONEE RIVER FROM W . SILVER SPRING DRIVE TO RIVER MILE 19.0 
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Figure 74 
RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE MENOMONEE RIVER FROM W . SILVER SPRING DRIVE TO RIVER MILE 19.0 
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Map 159 

RECOMMENDED FLOOD CONTROL SYSTEM PLAN FOR THE 
MENOMONEE RIVER FROM RIVER MILE 19.0 TO STH 74 (MAIN STREET) 
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Figure 75 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE MENOMONEE RIVER FROM RIVER MILE 19.0 TO STH 74 (MAIN STREET) 
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Map 160 

RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE SYSTEM PLAN FOR 
THE MENOMONEE RIVER FROM STH 74 (MAIN STREET) TO W. COUNTY LINE ROAD 
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Figu re 76 
RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE MENOMONEE RIVER FROM STH 74 (MAIN STREET) TO W. COUNTY LINE ROAD 
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Map 161 

LOCATIONS OF STORM SEWER OUTFALLS 
ALONG THE MENOMONEE RIVER WITH INVERT 

ELEVATIONS BELOW EXISTING STREAMBED 
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Source: SEWRPC. 

five-foot bottom width. The flood control channel 
would be constructed so as to disturb signifi
cantly only the left bank, viewed in the down
stream direction. From River Mile 22.02 through 
the Roosevelt Drive bridge to River Mile 22.08, 
only minimal modification to the channel would 
be necessary to bring the bed to the desired 
grade. The Roosevelt Drive bridge would not 
require modification. Upstream from River 
Mile 22.08 through River Mile 22.37, the turf
lined flood control channel would have a 
25-foot bottom width, the left bank slope 
would be one vertical on three horizontal, and 
the existing right bank would be retained, with 
some minor regrading required. Upstream from 
River Mile 22.37, the flood control channel would 
have the same characteristics, but the bottom 
width would be narrowed to 20 feet. According 
to information provided by the Village, there 
may be bedrock near the elevation of the 
existing streambed downstream from River 
Mile 22.44. Therefore, the modified channel in 
that reach may have to constructed at least 
partially in rock. 

538 

The existing private bridge providing access to 
the River Court Shopping Center would be 
replaced with a new structure spanning the 
modified channel and providing no significant 
impediment to the conveyance of flood flows. 

The possibility of the removal of the Menomonee 
Falls dam at River Mile 21.90 has recently been 
considered by the Village in preliminary plan
ning for the riverfront area in the vicinity of the 
dam. No decision on the whether or not to 
remove the dam has been made as yet; however, 
the possibility of removal was considered in 
analyzing the proposed channel modification. 
As shown on Figure 76, it was found that 
removal of the dam would reduce the 100-year 
recurrence interval flood stage under planned 
land use conditions by approximately 10.6 feet 
at the site of the dam. The stage reduction would 
be decreased to about 0.1 foot 1,500 feet upstream 
of the dam site. Because of the limited extent of 
the reduced stages, it is concluded that removal 
of the dam would have no significant impact on 
the recommended channel modifications. 

Utilizing an annual interest rate of 6 percent 
and a project life and amortization period of 50 
years, the average annual cost of the refined 
recommended plan for this reach is estimated at 
$37,000. This cost consists of the amortization of 
the $559,000 capital cost, $384,000 for channel 
modification and $175,000 for bridge removal 
and replacement, plus $2,000 in annual opera
tion and maintenance costs. The average annual 
flood damage abatement benefit is estimated at 
$10,000, yielding a benefit-cost ratio of 0.27, 
including the benefits due to reduced flood 
stages at the three upstream buildings in the 
Village of Germantown. 

Flood Control and Related Drainage System 
Plan Implementation: It is recommended that 
the refined recommended plan for the Menomo
nee River in the Village of Menomonee Falls be 
implemented through the cooperative efforts of 
the Village and private property owners. More 
specifically, it is recommended that the Village 
design, construct, and maintain the channel 
modifications and the bridge removal and 
replacement recommended in the reach from 
Roosevelt Drive through Erika Road extended. 

The Village is currently outside the boundaries 
of the Metropolitan Sewerage District. If, at 
some future date prior to the construction of the 
proposed channel modification and bridge 



replacement, the District boundaries were 
expanded to include the area where those mea
sures are proposed, it is recommended that the 
cost of channel modification and bridge removal 
and replacement be borne by the District. 

The recommended structure floodproofing or 
elevation would be implemented by the indi
vidual property owners. It is recommended that 
these private owners bear the cost of structure 
floodproofing or elevation. It is further recom
mended that the professional services required to 
prepare plans for the floodproofing and eleva
tion of individual buildings be made available to 
property owners, at no cost, by the Village of 
Menomonee Falls. Also, it is recommended that 
the Village of Menomonee Falls review its 
building ordinance to ensure that appropriate 
floodproofing regulations are included. It is 
recommended that the Village explore, on behalf 
of the property owners involved, any available 
state and/or federal aids for such flood
proofing measures. 

Menomonee River in the Village of German
town: The watershed study did not identify any 
areas requiring flood control measures along the 
Menomonee River in the Village of Germantown. 
Under the system planning effort presented 
here, three buildings were identified in the 100-
year recurrence interval floodplain under 
planned land use and existing channel condi
tions. The addition of these buildings to the 100-
year floodplain under this study is attributable 
to 1) use of a somewhat higher 100-year flood 
discharges based on the simulation of flows for 
a 49-year period of record as opposed to a 35-year 
period for the watershed study; 2) refinement of 
the hydraulic model used to calculate water 
surface profiles; and 3) the availability of 
updated topographic mapping. 

For the study presented here, it was decided to 
compare two alternative plans for alleviating the 
flood damage problem in this reach: 1) Alterna
tive Plan 1-No Action and 2) Alternative 
Plan 2-Structure Floodproofing and Removal. 
Other, more costly, structural alternatives were 
eliminated from consideration because of the 
limited extent of the flood damages to be 
expected under planned conditions. 

Each alternative system is described briefly 
below. The economic benefits and costs attendant 
to each alternative are provided in Table 103. 

Alternative Plan i-No Action: One alternative 
course of action with respect to the flood problem 
is to do nothing, that is, to recognize the 
inevitability of flooding but to deliberately 
decide not to mount a collective, coordinated 
program to abate the flood damages. Under 
planned year 2000 land use and existing channel 
conditions, the average annual flood damages 
would approximate $1,400. The damages from a 
100-year recurrence interval flood may be 
expected to approximate $23,700. There are no 
monetary benefits associated with this alterna
tive. The average annual cost would be equiva
lent to the average of the annual flood damage 
costs under planned land use conditions, or 
about $1,400. If the recommended channel 
modifications in the Village of Menomonee Falls 
were constructed, one of the three buildings 
would be removed from the floodplain in Ger
mantown. Under those conditions the average 
annual flood damages would approximate $200 
and the damages from a 100-year flood would 
approximate $20,300. 

Alternative Plan 2-Structure Floodproo[ing, 
Elevation, and Removal: A structure flood proof
ing and elevation flood control system was 
analyzed to determine if such a structure-by
structure approach would be a technically 
feasible and economically viable solution to the 
flood problem. The 100-year recurrence interval 
flood stage under planned year 2000 land use 
and planned channel conditions was used to 
estimate the number of existing flood-prone 
structures to be floodproofed and the approxi
mate costs involved. 

In the case of residential structures, flood proof
ing 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 and 
floodproofing the basement was less than the 
estimated 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 ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures which would have to be elevated more 
than four feet were considered for removal. 

If the recommended channel modifications are 
implemented in Menomonee Falls, one structure 
in Germantown at River Mile 24.19 would 
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Table 103 

COST ESTIMATES FOR FLOOD CONTROL ALTERNATIVES 
FOR THE MENOMONEE RIVER IN THE VILLAGE OF GERMANTOWN 

Costs (1986 dollars) Benefit-Cost Analysis 

Annual 
Annual Benefits Economic 

Minus Benefit- Ratio 

Amortized Operation and Annual Annual Cost Greater 

Alternative Description Capital Capitala Maintenance Other Total Benefits Costs Ratio than One 

lA. No Action -- $ 0 $ 0 $0 $0 $ 0 $ 0 $ 0 -- No 

2A. Structure Floodproofin~ Floodproof one 5,000 2,200 0 0 2,200 200 -2,000 0.09 No 
Elevation, and Removal structure 

Elevate one 30,000 
structure 

Subtotal $35,000 

1 B. No Actionc -- $ 0 $ 0 $0 $0 $ 0 $ 0 $ 0 -- No 

2B. Structure Floodproofing, Floodproof one 5,000 4,300 0 0 4,300 1,400 -2,900 0.33 No 
Elevation, and RemovalC structure 

Elevate two 63,000 
structures 

Subtotal $68,000 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

b Assuming recommended channel modifications are implemented in the Village of Menomonee Falls. 

c Assuming recommended channel modifications are not implemented in the Village of Menomonee Falls. 

Source: SEWRPC. 

require floodproofing and one at River Mile 24.33 
would require elevation, as shown on Map 162. 
Future damage from floods up to and including 
the 100-year flood would be virtually eliminated. 

Assuming that these structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life and amortization period of 50 years, 
the average annual cost of this alternative is 
estimated at $2,000. This cost consists of the 
amortization of the $35,000 capital cost, $5,000 
for floodproofing and $30,000 for structure 
elevation. The average annual flood damage 
abatement is estimated at $200, yielding a 
benefit-cost ratio of 0.09. 

If the recommended channel modifications are 
not implemented in Menomonee Falls, one 
structure in Germantown at River Mile 23.48 
would require floodproofing, and one at River 
Mile 24.19 and one at River Mile 24.33 would 
require elevation. Assuming that these structure 
floodproofing measures would be fully imple-

540 

mented, 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 $4,300. This cost 
consists of the amortization of the $67,200 
capital cost, $4,600 for flood proofing and $62,600 
for structure elevation. The average annual flood 
damage abatement is estimated at $1,400, yield
ing a benefit-cost ratio of 0.33. 

Evaluation of Alternatives: The principal fea
tures of, and the costs and benefits associated 
with, each of the floodland management alterna
tives considered for this reach of the Menomonee 
River are summarized in Table 103. Each of the 
alternatives described above was found to be 
technically feasible. Although it offers the lowest 
cost, the "no action" alternative does nothing to 
alleviate the existing flood problem and does not 
represent a sound approach to flood controL 

Complete implementation of a voluntary struc
ture floodproofing and elevation program is 
unlikely; however, because only two to three 



structures are affected, this alternative might be 
implemented with some success. Partial imple
mentation would leave the Village of German
town with a residual problem whenever a major 
flood occurs. Also, yard damages and cleanup 
costs would remain under this alternative. 

It is recommended that Alternative Plan 2-
Structure Floodproofing, Elevation, and 
Removal-be implemented. Full implementation 
of this plan would serve to eliminate structural 
flood damages in this reach for floods up to and 
including the 100-year recurrence interval flood 
under planned land use and channel conditions. 
The recommended plan is shown graphically on 
Map 162. The peak flood profile attendant to 
planned land use and channel conditions is 
shown on Figure 77. 

Flood Control and Related Drainage System 
Plan Implementation: The recommended flood 
control plan would be implemented by the 
individual property owners within the 100-year 
floodplain. It is recommended that these private 
owners bear the cost of structure flood proofing 
or removal. It is further recommended that the 
professional services required to prepare plans 
for the floodproofing and elevation of individual 
buildings be made available to property owners, 
at no cost, by the Village of Germantown 
engineering department. Also, it is recommended 
that the Village review"its building ordinance to 
ensure that appropriate flood proofing regula
tions are included. It is recommended that the 
Village explore, on behalf of the property owners 
involved, any available state andlor federal aids 
for such floodproofing measures. 

WOODSCREEKSUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Woods Creek was not studied under any previous 
Commission planning programs. Analyses of 
the hydrologic and hydraulic characteristics of 
the stream and of the tributary subwatershed 
were accordingly conducted under this system 
planning effort. 

Overview of the Subwatershed 
The Woods Creek subwatershed is located 
entirely in Milwaukee County. The subwa
tershed includes portions of the Cities of Milwau
kee and West Allis and the Village of West 
Milwaukee. Woods Creek begins on the west side 

of the Veterans Administration Center, in West 
Allis, at a storm sewer outfall, and flows in a 
generally easterly and northeasterly direction 
for about 1.1 miles to its confluence with the 
Menomonee River. The Woods Creek subwa
tershed drains an area of about 2.13 square 
miles, as shown on Map 163. The extent of the 
subwatershed area within each minor civil 
division involved is given in Table 104. 

More specifically, Woods Creek originates near 
the intersection of W. Walker Street and S. 56th 
Street at a storm sewer outfall in the City of 
West Allis, whence it flows easterly for about 0.2 
mile as an open channel; continues easterly in 
an enclosure for about 0.3 mile; thence, flows 
southeasterly in an open channel for about 0.2 
mile; thence northerly through an enclosure for 
about 0.1 mile; thence continues northerly in an 
open channel for about 0.1 mile; thence flows 
easterly through another enclosure for about 0.2 
mile to its confluence with the Menomonee 
River. The entire 1.1-mile reach described is 
classified as perennial. All of Woods Creek is 
recommended for District jurisdiction in the 
policy plan companion to this system plan. 

In 1985, the entire Woods Creek subwatershed 
was developed for urban use; The developed 
areas of the subwatershed are generally pro
vided with a full range of municipal street 
improvements, including paved streets with 
curbs and gutters and attendant storm sewers. 

The flood profile for Woods Creek is shown in 
Figure 78. The extent of the 100-year recurrence 
interval flood hazard area under planned ·land 
use and existing channel conditions is shown on 
Map 164. 

Evaluation of Alternative Flood Control and 
Related Drainage System Plans for Woods Creek 
No structural flood damages are expected to be 
incurred due to flooding along Woods Creek for 
floods up to and including a 100-year recurrence 
interval event. Flooding of portions of the 
County Stadium parking lot and the Stadium 
Freeway (USH 41) may be expected due to the 
inadequate hydraulic capacity of a series of 
culverts which currently convey Woods Creek 
from the Soo Line (former Chicago, Milwaukee, 
St. Paul & Pacific Railroad) railway at River 
Mile 0.27 to the Menomonee River. This lack of 
capacity results in surcharging of storm sewers 
both within the parking lot and along the 
freeway, as well as causing flooding from direct 
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Figure 77 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR THE MENOMONEE RIVER FROM W. COUNTY LINE ROAD TO STH 145 (W. FOND DU LAC AVENUE) 
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Map 163 

THE WOODS CREEK SUBWATERSHED 
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overland flow. This flooding does not include 
County Stadium. Flooding of the Stadium which 
occurred during the August 6, 1986, storm event 
was due to inability of the existing stadium 
drainage facilities to handle the unusually large 
amount of runoff associated with that storm, 
and was not due to direct flooding from Woods 
Creek. The total rainfall from that storm was in 
excess of a 100-year recurrence interval event. 

Since efforts to alleviate flooding of the parking 
lot and freeway could impact on flood flows and 
stages on the Menomonee River, an evaluation of 
alternative flood control plans for Woods Creek. 
was made as part of this system plan. A total of 
three alternative flood control plans were consid· 
ered: 1) Alternative Plan I-No Action; 2) Alter· 
native Plan 2-Construction of Relief Culvert; 
and 3) Alternative Plan 3-Combination of Storm 
Sewer Diversion and Construction of Relief 
Culvert. Each alternative is described below. 

Alternative Plan I-No Action: One alternative 
course of action with respect to the flood problem 
along Woods Creek is to do nothing, that is, to 
recognize the inevitability of flooding but to 
decide not to mount a collective, coordinated 
program to abate the problem. There are no costs 
associated with this alternative as well as 
no benefits. 

Table 104 

AREAL EXTENT OF CIVil DIVISIONS IN THE WOODS CREEK SUBWATERSHED 

Civil Division Area Included Percent of Subwatershed 
Civil Division Within Subwatershed (square miles) Area Within Civil Division 

City of Milwaukee ... 1.20 56.3 

City of W est Allis 0.48 22.5 

Village of West Milwaukee ... . 0.45 21.2 

Total 2.13 100.0 

Source: SEWRPC. 
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Alternative Plan 2-Construction of Relief 
Culvert: This alternative is shown on Map 165 
and would consist of installing about 1,500 feet 
of 10-foot-wide by 5-foot-high reinforced concrete 
box culvert. This culvert would begin at the Soo 
Line railway crossing and would run parallel to 
the existing system of culverts to the Menomo-

. nee River. Installation of this culvert would 
eliminate flooding of the Stadium parking lot 
and of the Stadium Freeway (USH 41) due to the 
surcharging of Woods Creek, for floods up to and 
including a 100-year recurrence interval event. 

The cost of this relief culvert is estimated at 
about $981,000. 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 to be about $62,000. 
No benefit-cost ratio was calculated since the 
flooding problems do not include direct overland 
flood damage, but rather are problems which 
cause inconvenience and secondary-type dam
ages; the corresponding benefits for their allevia
tion are not typically accounted for in benefit
cost ratio calculations. 

Alternative Plan 3-Combination of Storm 
Sewer Diversion and Relief Culvert: This alter
native is shown on Map 166 and consists of 
diverting directly to the Menomonee River a 
66-inch-diameter storm sewer which currently 
discharges to Woods Creek at a point about 300 
feet upstream of the Soo Line railway crossing. 
This sewer conveys storm runoff from a portion 
of the Village of West Milwaukee. The proposed 
diversion sewer would run north for a distance 
of about 1,400 feet along Harnischfeger Avenue 
and S. 44th Street to the existing Woods Creek 
culverts, and thence about 300 feet east to the 
Menomonee River. 

In addition to the storm sewer diversion, this 
alternative would require the installation of a 
six-foot-diameter reinforced concrete relief cul
vert. This culvert would begin at the Soo Line 
railway crossing and would run parallel to the 
existing Woods Creek culvert system to the 
Menomonee River, a distance of about 1,500 feet. 

Implementation of this alternative would elimi
nate flooding of both the Stadium parking lot 
and the Stadium Freeway due to surcharging 
from Woods Creek for floods up to and including 
the 100-year recurrence interval event. 

The cost of this storm sewer diversion and relief 
culvert is estimated at about $1,110,000. Utiliz
ing 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 to be about $70,000. As noted above, 
no benefit-cost ratio was calculated for this 
alternative since the damages are of an incon
venient and secondary nature. 

Channel Enclosure as Proposed by the U. S. 
Veterans Administration: From its origin near 
W. Walker Street and S. 56th Street to the Soo 
Line railway, Woods Creek runs through prop
erty owned by the U. S. Veterans Administra
tion. In 1978, the Veterans Administration 
prepared plans for the enclosure and partial 
relocation of the stream in that reach. As set 
forth in the overview of the subwatershed, a 
portion of the channel enclosure, but none of the 
relocation, has been constructed. The hydrologic 
and hydraulic analyses conducted for this 
system plan identified no need to provide further 
channel enclosure for the purpose of flood 
damage abatement. Therefore, that alternative 
was eliminated from further consideration. 

Evaluation of Alternatives: The two action 
alternatives considered were found to be techni
cally feasible. Those alternatives are similar in 
concept and would both solve the existing flood 
problem for a similar cost. Also, neither of these 
two alternatives would have a significant impact 
on peak flood discharges along the Menomonee 
River. This is due to the fact that the flow from 
Woods Creek is relatively small compared to that 
on the Menomonee River (1,160 cfs versus 16,400 
cfs) and also due to the fact that the peak 
discharge from Woods Creek occurs sooner than 
that for the Menomonee River. 

Since it offers a solution to the flood problems 
along Woods Creek at the lowest capital cost, it 
is recommended that Alternative Plan 2-Con
struction of Relief Culvert-be adopted as part of 
this system plan. The recommended plan is 
shown graphically on Map 167. The peak flood 
profile attendant to planned land use and 
channel conditions is shown on Figure 79. 

Flood Control and Related 
Drainage System Plan Implementation 
The recommended flood control plan for Woods 
Creek consists solely of the construction of a 
relief culvert downstream of the Soo Line railway 
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Figure 78 

FLOOD STAGE AND STREAMBED PROFILE FOR WOODS CREEK 
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Map 165 

ALTERNATIVE PLAN 2: CONSTRUCTION 
OF RELIEF CULVERT ALONG WOODS CREEK 
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crossing. It is recommended that this culvert be 
designed, constructed, and maintained by the 
Milwaukee Metropolitan Sewerage District. 

HONEY CREEK SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses of the Honey 
Creek subwatershed were previously conducted 
under the Commission's Menomonee River 
watershed study. That study also assessed 
existing and possible future flood problems 
along the stream from its mouth to IH 894 at 
River Mile 7.53, evaluated alternative measures 
to alleviate those problems, and included a 
recommendation for the implementation of 
certain flood control measures. This system 
planning effort represents a refinement of that 
earlier study and an expansion of that study to 
include consideration of the l.30-mile·long reach 
from IH 894 to the S. 43rd Street storm sewer 
outfall. Presented below are an overview of the 
subwatershed, a review of the previously consid· 
ered flood control measures, and a refined and 
expanded recommended flood control plan for 
Honey Creek. 
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Map 166 

ALTERNATIVE PLAN 3: COMBINATION 
OF STORM SEWER DIVERSION AND 

RELIEF CULVERT ALONG WOODS CREEK 
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The Honey Creek subwatershed is located 
entirely in south central Milwaukee County. The 
subwatershed includes portions of the Cities of 
Greenfield, Milwaukee, Wauwatosa, and West 
Allis. From its origin at the S. 43rd Street storm 
sewer outfall in the City of Greenfield, Honey 
Creek flows generally northerly for a distance of 
about 8.8 miles to its confluence with the 
Menomonee River. Honey Creek drains an area 
of about 10.78 square miles, as shown on 
Map 168. The extent of the subwatershed area 
within each minor civil division involved is 
given in Table 105. 

More specifically, from its ongm at a storm 
sewer outfall at S. 43rd Street, Honey Creek 
flows northwesterly for about 1.0 mile to 
W. Layton Avenue; thence, northerly for about 
0.3 mile to IH 894; thence, northwesterly for 
about 3.2 miles to W. Arthur Avenue in the City 
of West Allis; thence, northerly in an enclosure 
for about 2.3 miles to IH 94; continues northerly 
in an open channel for about 1.5 miles to 
Portland Avenue in the City of Wauwatosa; and 
thence easterly for about 0.5 mile to its conflu
ence with the Menomonee River. The entire 
8.8-mile reach described is classified as a peren· 



nial stream and is recommended for District 
jurisdiction in the policy plan companion to this 
system plan. 

In 1985, about 98 percent of the Honey Creek 
subwatershed was developed for urban use. 
About 64 percent of the developed area was in 
residential use. Other uses included institutional , 
recreational, and commercial. The developed 
areas of the subwatershed are generally pro
vided with a full range of municipal street 
improvements, including paved streets with 
curbs and gutters and attendant storm sewers. 
The planned land use conditions utilized in the 
system planning effort assume that the subwa
tershed will be entirely urbanized by the design 
year of the system plan. 

The flood profile for Honey Creek is shown as 
Figure 80. The extent of the 100-year recurrence 
interval flood hazard area under planned land 
use and existing channel conditions is shown on 
Map 169. 

Evaluation of Alternative Flood Control and 
Related Drainage System Plans for Honey Creek 
The alternative flood control measures consid
ered under the watershed study are presented 
below, together with their estimated costs. Based 
upon an evaluation of those alternatives, a final 
flood control plan was recommended in the 
watershed plan. That plan has been further 
refined and expanded as part of this system 
planning effort. Some reaches are not expected 
to incur any structural damages due to overland 
flooding during the 100-year recurrence interval 
flood under planned land use and channel 
conditions. Those reaches are: 1) mouth of 
Honey Creek to River Mile 0.84 and 2) River Mile 
0.86 through IH 894 at River Mile 7.55. Together, 
these reaches total 7.53 miles in length, or 
85 percent of the total stream length under 
District jurisdiction. 

City of Wauwatosa from the Mouth of Honey 
Creek through W. Wisconsin Avenue: The water
shed study identified a total of 13 structures in 
the secondary flooding zone in this reach. 

Under the watershed study, a total ofthree flood 
control alternatives were analyzed for this reach. 
These alternatives include the following: 1) No 
Action; 2) Floodproofing and Removal of Struc
tures; and 3) Bridge or Culvert Alteration or 

Replacement. The estimated cost of each of these 
alternatives as well as the attendant benefit-cost 
ratio, is presented in Table 106. 

The watershed study concluded that removal or 
modification of bridges producing backwater in 
excess of 1.0 foot under 100-year planned flood 
conditions would reduce local flood stages; 
however, because monetary flood risks in the 
re~ch are low, bridge replacement would not 
be an economically feasible solution to the 
flooding problem. 

Under the structure floodproofing and removal 
alternative, the watershed study called for all 
13 structures in hazard to be floodproofed. That 
alternative was recommended because it had a 
benefit-cost ratio greater than one, and because 
the bridge alteration or replacement alternative 
was not economically feasible. 

Refined Flood Control System Plan: The flood 
control plan developed as part of this system 
planning effort represents a refinement of that 
proposed under the watershed study. The refined 
analysis of this reach did not include considera
tion of secondary flooding for reasons already 
noted. The refined analysis concluded that only 
one structure in the reach may be expected to 
experience overland flooding during a 100-year 
recurrence interval flood under planned land use 
and channel conditions. 

A structure floodproofing and elevation flood 
control system was determined to be a techni
cally feasible solution to the flood problem. The 
100-year recurrence interval flood stage under 
planned year 2000 land use and planned channel 
conditions was used to estimate the number of 
existing flood-prone structures to be floodproofed 
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, which is the 
case for the single structure located in the 
floodplain in this reach. 

As shown on Map 170, the refined flood control 
plan for this reach of Honey Creek calls for 
floodproofing of one structure, a church building, 
along the west bank of the stream at St. Jude 
Court. The peak flood profile attendant to 
planned land use and channel conditions is 
shown on Figure 81. Full implementation of this 
plan would serve to eliminate structural dam
ages due to overland flooding in this reach for 
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RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE SYSTEM PLAN FOR WOODS CREEK 

NOTE· THE 4VAILAIIILITY OF LARGE_SCALE TOPOGRAPHIC 
MAPPING FOR WOODS CREEK IS SHOWN IN APPENDIX II 

DUf TO MAP SCA.lE UMITATIO NS. THE DifFERENCE BETWEEN THE lOO ·YEAR 
RECURIIE J<lCE INTERVAL FLOOOLANOS UNom PLANNED LAND USE AND EJ(ISTlNQ 
CHANNEL CONDITIONS. 4NO I H£ l00·YEAA RECURRENCE IrflERVAL HOODLANDS 
UNDER PlANNED lAND USE AND PlANNED CHANNEL CONDITIONS. MAY NOT APPEAR 
ON THIS MAl' WHERE NO OlFFEAENCE APPEARS REFERENCE Sf.lOULD liE ", ... DE 10 
THE f LOO D STAGE PflOFllf SHOWN BELOW 



< 
o 

~ 
> 
g 
< 
t; 620 

~ , . 
o 

~ 
~ 

'" 

'" 

Figure 79 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR WOODS CREEK 
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Table 105 

AREAL EXTENT OF CIVIL DIVISIONS IN THE HONEY CREEK SUBWATERSHED 

Civil Division Area Included Percent of Subwatershed 
Civil Division Within Subwatershed (square miles) Area Within Civil Division 

City of Greenfield ....... ....... 2.87 26.6 

City of Milwaukee ............. 3.46 32.1 

City of Wauwatosa . . . .......... 0.95 8.8 

City of West Allis . . . . .......... 3.50 32.5 

Total 10.78 100.0 

Source: SEWRPC. 

Table 106 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES 
FOR HONEY CREEK BETWEEN THE MENOMONEE RIVER AND W. WISCONSIN AVENUE 

Costa 

Amortized Operation and Annual Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ - - $ - - $- - $1.400 $1.400 0 

2. Structure Floodproofing 6,600 400 0 0 400 3.50 

3. Bridge Alteration 
__ c 

- -c __ c __ c __ c - -
or Replacement 

aCosts are expressed in 1986 dollars. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

cNo costs were computed since this alternative was found to be technically infeasible. 

Source: SEWRPC. 

floods up to and including the 100-year recur
rence interval flood under planned land use and 
channel conditions. 

Assuming that the structure floodproofing 
measures would be fully implemented, the 
capital cost of the refined recommended plan for 
this reach is estimated to be about $50,000. 
Utilizing an annual interest rate of 6 percent 
and a project life and amortization period of 50 
years, the average annual cost of the refined 
recommended plan is estimated to be $3,200. The 

average annual flood damage abatement benefit 
is estimated at $2,200, yielding a benefit-cost 
ratio of 0.7. 

As already noted in the section describing the 
recommended flood control plan for the main 
stem of the Menomonee River, channel modifi
cations along Honey Creek from its mouth to the 
Honey Creek Parkway bridge at River Mile 0.17 
would be required in order for the Honey Creek 
streambed grade to match the lowered Menomo
nee River streambed grade. The cost of those 
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modifications was assigned to the Menomonee 
River portion of the plan since the recommended 
measures were required solely due to the Meno
monee River modifications. 

Flood Control and Related Drainage System 
Plan Implementation: The recommended struc
ture floodproofing or elevation would be imple
mented by the individual property owner 
concerned. It is recommended that the private 
owner bear the cost of structure floodproofing or 
removal. It is further recommended that the 
professional services required to prepare plans 
for the floodproofing and elevation of the 
building be made available to the property 
owner, at no cost, by the City of Wauwatosa 
engineering department. Also, it is recommended 
that the City of Wauwatosa review its building 
ordinance to ensure that appropriate flood proof
ing regulations are included. It is recommended 
that the City explore, on behalf of the property 
owner, any available state and/or federal aids 
for such floodproofing measures. 

It is further recommended that the Milwaukee 
Metropolitan Sewerage District prepare large
scale topographic maps for the northeast and 
northwest one-quarters of U. S. Public Land 
Survey Section 33, Township 7 North, Range 21 
East, Cities of Milwaukee and West Allis. Since 
these topographic maps would serve multiple 
purposes, no cost has been assigned to the flood 
control plan. 

Cities of Milwaukee and West Allis Along the 
Channel Enclosure from River Mile 1.99 through 
4.32 in the City of West Allis: The watershed 
study identified no flood hazard along this 
enclosed reach of the stream. That conclusion 
was reaffirmed under this study; however, 
further analyses were conducted of the hydraulic 
capacity of the channel enclosure and of the 
interrelationship between the enclosure, its 
tributary storm sewers, and the stream channel 
downstream of the enclosure. 

A comprehensive, detailed analysis of the 
hydraulic characteristics of the entire storm 
sewer system tributary to the channel enclosure 
was not possible, due to the lack of large-scale 
topographic mapping of the tributary area. 
However, it was possible to evaluate the ade
quacy of the existing hydraulic capacity of the 
channel enclosure and of the tributary storm 
sewer system using the hydrologic simulation 
model developed for the watershed study and 
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refined under this system planning effort, the 
hydraulic simulation model of the enclosure 
developed under this study, and historic flood 
stage data collected at the four Metropolitan 
Sewerage District crest stage gages located 
along the enclosure. 

The largest recorded flood in the subwatershed 
was the flood of April 21, 1973. The peak 
discharge at the enclosure outlet, located just 
downstream of IH 94, the East-West Freeway, 
during that flood is estimated to be about 2,500 
cfs, based on crest stage gage data and applica
tion of the hydraulic model. Application of the 
hydrologic simulation model indicated that the 
total peak flood flow at the outlet would have 
been greater if it were possible for all runoff to 
reach the stream enclosure without limitation by 
the hydraulic capacity of the tributary storm 
sewers. The box culvert forming the channel 
enclosure has a capacity of 2,650 cfs when 
flowing fulL 

With the exception of the area in the vicinity of 
S. 74th Street and W. Walker Street, where storm 
sewer surcharging has created localized flooding 
problems, there is apparently sufficient storage 
capacity available in streets and other open 
areas to detain the excess runoff during events 
exceeding the capacity of the storm sewer
channel enclosure system. Exceedance of the 
2,650 cfs capacity of the enclosure would cause 
surcharging of the enclosure and attendant 
backflow out of storm sewer manholes and inlets 
of the connected storm sewers, with attendant 
flooding. 

It is recommended that any future storm sewer 
improvements undertaken by the City of West 
Allis for the purpose of alleviating local storm
water drainage problems in the Honey Creek 
subwatershed be designed so as to limit the 
increase in the total peak discharge in the 
channel enclosure under 100-year recurrence 
interval conditions to about 150 cfs. This limita
tion may allow for an aggregate increase in 
individual storm sewer capacities of more than 
150 cfs if it is determined that the timing of the 
peak flow from the individual storm sewers 
relative to the timing of the peak flow in the 
enclosure is such that the storm sewer peak would 
occur before or after the peak in the enclosure. 

It is also recommended that the Milwaukee 
Metropolitan Sewerage District prepare large
scale topographic maps for the following U. S. 



Public Land Survey one-quarter sections in 
Township 7 North, Range 21 East: the northeast 
and southeast of Section 32, the southwest and 
southeast of Section 33, and the northwest and 
southwest of Section 34; and for the following 
one-quarter sections in Township 6 North, 
Range 21 East: the southwest of Section 3, all of 
Section 4, the northeast and southeast of Section 
5, the northeast of Section 8, the northeast and 
northwest of Section 9, and the northwest of 
Section 10. This topographic mapping would 
greatly assist in the future analysis of the 
stormwater drainage system tributary to the 
channel enclosure. Since these topographic maps 
would serve multiple purposes, no cost has been 
assigned to the flood control plan. 

City of Greenfield from IH 894 at River Mile 7.53 
through the S. 43rd Street Storm Sewer Outfall 
at River Mile 8.83: The watershed study did not 
include an analysis of this reach. The policy 
plan attendant to this system plan identified 
this reach for District jurisdiction; therefore, it 
was analyzed under this system planning effort. 

The analysis considered the proposed reconstruc
tion of the W. Layton Avenue crossing by 
Milwaukee County in 1990 and 1991 and the five 
existing storm sewer outfalls which are located 
below the existing stream bed as shown on 
Map 171 and Figure 82. 

Channel Modification as Proposed by the City of 
Greenfield: About two decades ago, the City of 
Greenfield developed plans to lower the Honey 
Creek streambed and enlarge the channel from 
IH 894 to S. 43rd Street. The design and con
struction of storm sewers installed since that 
time were based on the assumption that the 
City's proposed channel modification would be 
implemented. To that end, the City has pur
chased the right-of-way for the entire channel 
modification project. 

Milwaukee County's recent design for the recon
struction and widening of W. Layton Avenue, 
including the crossing of Honey Creek, was done 
within the context of the City's proposed modi
fications. Milwaukee County's W. Layton Ave
nue reconstruction project calls for the removal 
of the 4.8-foot-high drop structure located just 
upstream of IH 894 and the construction of a 
realigned, deepened, and widened turf-lined 
channel between IH 894 and W. Layton Avenue. 
The channel would have an eight-foot-wide, 
O.4-foot-deep, low-flow channel with side slopes 
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of one vertical on 10 horizontal; and a flood 
control channel with side slopes of one vertical 
on three horizontal for the first 5.5 feet of 
depth, transitioning to one vertical on about 3_5 
horizontal up to the existing grade. Realignment 
of the channel would eliminate three channel 
bends of about 90 degrees and would shorten the 
channel in that reach by approximately 0_1 mile. 
The County's proposal calls for the installation 
of a la-foot by lO-foot reinforced concrete box 
culvert under W. Layton Avenue.s The County 
project terminates on the upstream side of W. 
Layton Avenue where another drop structure 
is proposed. 

8The initial County design called for a lO-foot by 
lO-foot reinforced concrete box culvert. Because 
the Layton Avenue project was being designed 
at the same time this system plan was being 
prepared, the County modified the design to 
incorporate a lO-foot-wide by B-foot-high rein
forced concrete box culvert as recommended 
under this plan. 
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The modified streambed profile as planned by the 
County would permit construction of the channel 
proposed by the City between W. Layton Avenue 
and the S. 43rd Street storm sewer outfall. The 
proposed drop structure on the upstream side of 
W. Layton Avenue would be removed during 
construction of the deepened and widened chan
nel from IH 894 to S. 43rd Street. 

With the exception of a short transition reach 
near W. Layton Avenue, the City's proposed 
modifications upstream of W. Layton Avenue 
would deepen and widen the channel following 
the approximate existing channel alignment. 
The City's channel design calls for a turf- and 
concrete-lined channel. The channel would have 
an eight-foot-wide, O.4-foot-deep, concrete-lined 
low-flow channel with side slopes of one vertical 
on 10 horizontal and a concrete-lined flood 
control channel with side slopes of one vertical 
on two horizontal for the first 3.5 feet of depth, 
with a transition to a turf-lined channel with 
side slopes of one vertical on four horizontal. 

Refined Flood Control System Plan: The flood 
control and related drainage system plan herein 
presented represents a refinement of that pro
posed by the City of Greenfield and Milwaukee 
County. The refined modified channel follows 
the same alignment and has approximately the 
same streambed profile and channel cross
sections as the city and county proposals. 

The analyses which were conducted under this 
study did not include consideration of secondary 
flooding for the reasons already noted. The 
analysis identified a total of four structures in 
the 100-year recurrence interval flood hazard 
area under planned land use and existing 
channel conditions. One of these structures is 
located between W. Layton Avenue and IH 894 
and the other three are located along the upper 
reach of Honey Creek near W. Loomis Road. 

As shown on Map 172, the refined flood control 
and related drainage system plan for Honey 
Creek along the reach from IH 894 to S. 43rd 
Street consists of modification, realignment, and 
straightening of about 1.28 miles of stream, 
resulting in a total reach length of 1.17 miles 
under planned conditions. The peak flood profile 
attendant to planned land use and channel 
conditions is shown on Figure 82. Full imple
mentation of this plan would serve to eliminate 
structural flood damages in this reach for floods 
up to and including the 100-year recurrence 
interval flood under planned land use and 
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channel conditions. Implementation of the plan 
would also provide adequate outlets for five 
existing storm sewers. Because the channel 
modifications are primarily designed to provide 
adequate storm sewer outlets and secondarily to 
abate flood damages, construction of a channel 
which would completely contain the 100-year 
recurrence interval flood under planned land use 
conditions with two feet of freeboard would be 
uneconomical. Therefore, some overbank flood
ing into existing floodplain areas is permitted. 

As shown on Figure 82, it is recommended that 
the streambed be lowered a maximum of about 
seven feet. As shown on Map 172, downstream 
of W. Layton Avenue the modified channel 
section would have a 1.0-foot-deep, three-foot
wide, turf-lined low-flow channel and a turf-lined 
flood control channel with an eight-foot bottom 
width, side slopes of one vertical on three 
horizontal for the lower 5.4 feet, then side slopes 
of one vertical on about 3.5 horizontal up to the 
existing grade. Upstream of W. Layton Avenue 
the modified channel section would have a 
1.0-foot-deep, three-foot-wide, turf-lined low-flow 
channel and a turf-lined flood control channel 
with an eight-foot bottom width, side slopes of 
one vertical on two horizontal for the lower three 
feet, then side slopes of one vertical on about 
3.5 horizontal up to the existing grade. The 
modified channel cross-section in this reach is 
shown on Map 172. 

In the reach upstream ofW. Layton Avenue; the 
channel is located either in city or county park 
land or in a 120-foot-wide drainage easement. In 
order to improve the appearance of this reach 
and to complement the park and residential 
setting through which the Creek flows, it is 
recommended that the detailed design for this 
reach consider the provision of some meandering 
and variability in the low-flow section of the 
proposed channel. Due to right-of-way restric
tions along the north bank on the downstream 
side of W. Loomis Road, it would be necessary 
to provide a vertical retaining wall along that 
bank for about 80 feet downstream of the road. 

Hydrologic simulation modeling conducted for 
this system planning effort indicates that the 
channelization project would create an unaccept
able increase in downstream 100-year recurrence 
interval flood flows without the provision of 
detention storage in the reach containing the 
modification. Therefore, it is recommended that 
48 acre-feet of detention storage be provided 



Table 107 

IMPACT OF RECOMMENDED FLOOD CONTROL PLAN FOR HONEY CREEK FROM 
IH 894 TO S. 43RD STREET ON 100-YEAR RECURRENCE INTERVAL FLOOD DISCHARGE 

River 
Stream Location Mile 

Honey Creek Upstream of Arthur 
Avenue enclosure inlet 4.32 

W. Oklahoma Avenue 5.27 

Downstream of W. 
Howard Avenue 6.44 

IH 894 7.53 

W. Layton Avenue 7.80 

W. Loomis Road 8.53 

Source: SEWRPC. 

upstream of W. Layton Avenue. That total 
amount of storage would be provided in the 
modified channel and a supplementary 12.5-acre
foot detention basin in the northeast one-quarter 
of U. S. Public Land Survey Section 26, Town
ship 6 North, Range 21 East, at the location 
shown on Map 172. The total detention basin 
area, including a buffer strip around its perime
ter, would be about 7.5 acres. The maximum 
flood control pond elevation would be about 
755.6 feet NGVD during a 100-year recurrence 
interval flood under planned land use and 
channel conditions. 

The existing W. Layton Avenue bridge would be 
replaced with a new 10-foot-wide by 8-foot-high 
reinforced concrete box culvert, rather than the 
10-foot-wide by 10-foot-high box culvert initially 
proposed by the County. This reduction in 
culvert size is recommended to provide storage 
in the upstream channel and detention basin. 
The proposed detention basin could be con
structed with a permanent pond which would 
trap pollutants carried in storm water runoff, 
providing water quality benefits as well as flood 
control benefits along Honey Creek. In addition, 
the pond could be designed for other recreational 
uses, such as ice skating. 

1 OO-Year Recurrence Interval 
Flood Discharges (cfs) 

Year 2000 Planned Land Use 

Existing Channel Recommended Percent 
Condition Plan Condition Increase 

2,280 2,270 -0.4 

1,870 1,860 -0.5 

1,310 1,370 +4 

760 970 +28 

640 760 +19 

430 430 0 

It is recommended that the existing construction 
access bridge at River Mile 8.11 and the old 
Loomis Road bridge at River Mile 8.55 be 
removed and not replaced. 

The changes in the flood discharges which may 
be expected along Honey Creek as a result of the 
recommended channel modification are dis
played in Table 107. The channel modification 
should cause no increase in the 100-year flood 
discharge downstream from River Mile 4.32. 
From the Arthur Avenue enclosure inlet at River 
Mile 4.32 through River Mile 6.52, a decrease of 
up to 0.2 foot may be expected in the 100-year 
recurrence interval flood stage under planned 
land use and channel conditions. From River 
Mile 6.53 through 7.55, increased flood flood 
flows may result in 100-year flood stage 
increases of up to 0.3 foot. Those stage increases 
would be contained within the existing drainage 
easement for Honey Creek. Upstream from River 
Mile 7.55, 100-year flood stages would be reduced 
by 4.0 to 6.5 feet due to the increased hydraulic 
capacity provided by the recommended channel 
modifications. 

Utilizing an annual interest rate of 6 percent 
and a project life and amortization period of 50 
years, the average annual cost of the refined 
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Figure 82 

RECOMMENOED PLAN FLOOD STAGE PROFILE FOR HONEY CREEK FROM RIVER MILE 7 .0 TO THE S. 43RD STREET STORM SEWER OUTFALL 
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recommended plan for this reach is estimated at 
$93,000. This cost consists of the amortization of 
the $1,282,000 capital cost, $800,000 for channel 
modification, $172,000 for bridge removal and 
replacement, and $310,000 for detention basin 
construction, plus $12,000 in annual operation 
and maintenance costs. The average annual 
flood damage abatement benefit is estimated at 
$900, yielding a benefit-cost ratio of less than 
0.1. The actual benefit-cost ratio of the recom
mended plan would be higher than that based 
solely on the abatement of primary, overland 
flood damages. The plan would also abate 
stormwater drainage problems and secondary 
flood damages. 

Flood Control and Related 
Drainage System Plan Implementation 
It is recommended that the refined recommended 
plan for Honey Creek in the City of Greenfield 
be implemented through the cooperative efforts 
of the City of Greenfield, Milwaukee County, and 
the Milwaukee Metropolitan Sewerage District. 
More specifically, it is recommended that the 
District design and construct the recommended 
detention basin and channel modifications from 
the upstream end of the proposed Milwaukee 
County bridge project at W. Layton Avenue 
through the S. 43rd Street storm sewer outlet. It 
is recommended that the District, with financial 
assistance from the Wisconsin Department of 
Natural Resources, develop the detention facility 
component to provide water quality and recrea
tional benefits. It is recommended that the 
District maintain the modified channel from 
IH 894 to W. Layton Avenue. The City would 
maintain the recommended detention basin. It is 
also recommended that the District bear the cost 
of the removal of the private bridge at existing 
River Mile 8.11 and the old Loomis Road bridge 
at River Mile 8.55. The City has acquired 
the rights-of-way needed for the channel 
improvements. 

It is recommended that Milwaukee County 
design and construct the recommended modified 
channel from the existing drop structure just 
upstream of IH 894 through W. Layton Avenue, 
including the recommended box culvert at 
W. Layton Avenue. The design of those compo
nents was in progress as of the publication date 
of this report. 

Due to significant development along Honey 
Creek since the preparation of the most recent 
large-scale topographic maps in 1975, it is 
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recommended that the Milwaukee Metropolitan 
Sewerage District prepare large-scale topogra
phic maps for the southwest one-quarter of U. S. 
Public Land Survey Section 23 and the northeast 
and northwest one-quarters of Section 26, all in 
Township 6 North, Range 21 East, City of 
Greenfield. It is suggested that those maps be 
prepared following the W. Layton Avenue recon
struction and the construction of the recom
mended channel modifications. Since the 
topographic maps would serve multiple pur
poses, no cost has been assigned to the flood 
control plan. 

The capital cost of the various components of the 
recommended plan is apportioned by agency in 
Table 108. 

UNDERWOOD CREEK AND DOUSMAN 
DITCH SUBWATERSHED FLOOD CONTROL 
AND RELATED DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses of Under
wood Creek and Dousman Ditch had previously 
been conducted under the Commission's Meno
monee River watershed study. That study also 
assessed existing and possible future flood 
problems along these streams, evaluated alterna
tive measures to alleviate those problems, and 
included a recommendation for the implementa
tion of certain flood control measures. This 
system planning effort represents a refinement 
of that earlier study. Presented below are an 
overview of the subwatershed, a review of the 
previously considered flood control measures, 
and a refined recommended flood control plan 
for Underwood Creek and Dousman Ditch. 

Overview of the Study Area 
The Underwood Creek subwatershed, which 
includes Dousman Ditch and its tributary drain
age area, is located largely in east-central 
Waukesha County, with a significant portion, 
however, extending into Milwaukee County. The 
subwatershed includes portions of the Cities of 
Brookfield and Wauwatosa, and the entire 
Village of Elm Grove. From its origin near 
Franklin Wirth Park in the City of Brookfield, 
Underwood Creek flows in a generally easterly 
direction for a length of about 7.7 miles to its 
confluence with the Menomonee River in the 
City of Wauwatosa. From its origin at Wisconsin 
A venue in the City of Brookfield, Dousman 
Ditch flows in a northerly direction for a 
distance of about 2.5 miles to its confluence with 



Table 108 

SUMMARY OF RECOMMENDED PLAN CAPITAL COSTS FOR HONEY CREEK 
FROM IH 894 THROUGH THE S. 43RD STREET STORM SEWER OUTFALL 

Implementing Agency Flood Control Measures Estimated Capital Costa,b 

Milwaukee Metropolitan Channel modifications $ 590,000 
Sewerage District Bridge removal 15,000 

Detention basin 310,000 

Subtotal $ 915,000 

Milwaukee County Channel modifications $ 210,000 
Bridge replacement 157,000 

Subtotal $ 367,000 

Total $1,282,000 

aCosts do not include specific consideration of added facility requirements associated with water quality and recreation 
benefits. A portion of those costs may be funded under the Wisconsin Department of Natural Resources nonpoint source 
priority watershed program. 

bCosts are expressed in 1986 dollars. 

Source: SEWRPC. 

Underwood Creek. Underwood Creek drains an 
area of about 11.08 square miles, as shown on 
Map 173. Of this 11.08 square miles, 3.68 square 
miles are tributary to Dousman Ditch. The 
Dousman Ditch subwatershed is shown on 
Map 174. The extent of the subwatershed area 
within each minor civil division involved is 
given in Table 109. 

More specifically, from its origin near the Soo 
Line Railroad Company railway at Franklin 
Wirth Park in the City of Brookfield, Underwood 
Creek flows in a southeasterly direction to its 
confluence with Dousman Ditch, a distance of 
about 0.7 mile; thence, northerly for about 0.9 
mile to Woodbridge Road; thence easterly for 
about 0.5 mile to Clearwater Drive; thence 
southerly for about 3.1 miles to its confluence 
with the South Branch of Underwood Creek; 
thence northeasterly for about 1.0 mile to 
W. Watertown Plank Road in the City of Wau
watosa; thence northerly for about 0.75 mile to 
USH 45; thence easterly for about 0.75 mile to 

its confluence with the Menomonee River. The 
entire 7.7-mile reach described is classified 
as perennial. 

From its origin at Wisconsin Avenue, just north 
of Blue Mound Road, Dousman Ditch flows 
easterly for about 1.1 miles; thence in a northerly 
direction to Gebhardt Road, a distance of about 
0.8 mile; and continues northerly for about 
0.6 mile through N orth Avenue to its confluence 
with Underwood Creek. Of the 2.5-mile reach 
described, the entire stream is classified 
as perennial. 

The lower 2.6-mile reach of Underwood Creek is 
located within the current District limits and is 
recommended for District jurisdiction in the 
policy plan companion to this system plan. The 
remainder of Underwood Creek and all of 
Dousman Ditch, which are located outside of the 
current District limits but within an area defined 
in the policy plan as within possible future 
District limits, were found to meet the criteria for 
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Map 173 

THE UNDERWOOD CREEK SUBWATERSHED 
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Table 109 

AREAL EXTENT OF CIVIL DIVISIONS IN THE UNDERWOOD CREEK SUBWATERSHED 

Civil Division Area Included Percent of Subwatershed 
Civil Division Within Subwatershed (square miles) Area Within Civil Division 

City of Brookfield 4.44 40.1 

City of Wauwatosa 3.99 36.0 

Village of Elm Grove .. 2.65 23.9 

Total 11.08 100.0 

Source: SEWRPC. 

Map 174 District jurisdiction. Moreover, any flood control 
measures carried out along the upper reaches of 
Underwood Creek and Dousman Ditch could 
impact on flood flows and stages and recom· 
mended flood control measures along the reach 
of Underwood Creek under District jurisdiction. 
These additional stream reaches were accord· 
ingly included in the system planning effort. 

THE DOUSMAN DITCH SUBWATERSHED 

In 1985, about 84 percent of the Underwood 
Creek subwatershed, including Dousman Ditch, 
was developed for urban use. Nearly 50 percent 
of the urban area was developed for residential 
use. Other uses included governmental and 
institutional, commercial, and recreational. The 
developed areas of the subwatershed in Milwau
kee County are generally provided with a full 
range of municipal street improvements, includ
ing paved streets with curbs and gutters and 
attendant storm sewers. In Waukesha County, 
some of the developed areas are provided with 
paved streets with road ditches, while other 
development areas are provided with paved 
streets with curbs and gutters and attendant 
storm sewers. The planned land use conditions 
utilized in the system planning effort assume 
that the subwatershed will be almost entirely 
urbanized by the design year of the system plan. 

The flood profiles for Underwood Creek and 
Dousman Ditch for planned land use and exist
ing channel conditions are shown as Figures 83 
and 84, respectively. The extent of the lOa-year 
recurrence interval flood hazard area under 
planned land use and existing channel condi
tions is shown on Map 175 for Underwood Creek 
and on Map 176 for Dousman Ditch. 

LEGEND 
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100-YEAR RECURRENCE INTERVAL FLOODPLAIN FOR UNDERWOOD CREEK 
UNDER YEAR 2000 PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 
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FLOOD STAGE AND STREAMBED PROFILE FOR DOUSMAN D ITCH 
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Evaluation of Alternative Flood 
Control and Related Drainage 
System Plans for Underwood Creek 
A number of alternative flood control measures 
were considered for Underwood Creek and 
Dousman Ditch under the Commission's Meno
monee River watershed study. These alterna
tives are presented below along with their 
estimated costs. From these alternatives, a final 
composite flood control plan was recommended 
under the watershed study for Underwood Creek 
and Dousman Ditch. This plan has been further 
refined as part of this system planning effort. 

Some reaches are not expected to incur any 
structural damages due to overland flooding 
during the 100-year recurrence interval flood 
under planned land use and channel conditions. 
Those reaches are: 1) Underwood Creek from its 
confluence with the Menomonee River to the 
Milwaukee-Waukesha County line and 2) Under
wood Creek upstream of its confluence with 
Dousman Ditch. Together, these reaches total 
3.29 miles in length, or 43 percent of the total 
stream length under District jurisdiction. 

Menomonee River Watershed Study: Under the 
Menomonee River watershed study, a total of 
seven flood control alternatives were considered 
for the City of Brookfield. These alternatives 
included: 1) No Action; 2) Detention Storage; 
3) Structure Floodproofing and Removal; 4) a 
Combination of Channelization, Structure Flood
proofing and Removal, and Bridge Alteration; 
5) a Combination of Dikes and Floodwalls, 
Structure Floodproofing and Removal, and 
Bridge Alteration; 6) Bridge Alteration or 
Removal; and 7) a Combination of Detention 
Storage, Bridge Alteration, and Structure Flood
proofing and Removal. The estimated cost of 
each of these alternatives and the attendant 
benefit-cost ratio are presented in Table 110. 

A total of 10 flood control alternatives were 
considered under the watershed study for the 
Village of Elm Grove. These alternatives 
included: 1) No Action; 2) Detention Storage; 
3) Structure Floodproofing and Removal; 
4) Major Channel Modification; 5) Minor Chan
nel Modification; 6) Dikes and Floodwalls; 
7) Bridge and Culvert Alteration or Replace
ment; 8) a Combination 'of Detention Storage 
and Channelization; 9) a Combination of Deten
tion Storage, Major and Intermediate Channel
ization, and Structure Floodproofing; and 10) a 
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Combination of Detention Storage and Structure 
Floodproofing and RemovaL The estimated cost 
of each of these alternatives and the attendant 
benefit-cost ratio are provided in Table 111. 

The initial recommendation made by the Meno
monee River Watershed Advisory Committee for 
flood control on Underwood Creek and Dousman 
Ditch included the combination of detention 
storage, bridge alteration, and structure flood
proofing and removal for the City of Brookfield; 
and a combination of detention storage, major 
and intermediate channel modification, and 
structure floodproofing for the Village of Elm 
Grove. The detention storage for both 
communities would be achieved by the construc
tion of a 215-acre-foot capacity dry detention 
basin located along Dousman Ditch immediately 
upstream of of W. Gebhardt Road in the City 
of Brookfield. 

Subsequent to a series of informational meetings 
and a public hearing on the watershed plan, the 
Watershed Committee revised its recommenda
tion for the Village of Elm Grove. The revision 
was made in response to opposition voiced by 
village officials to the initially recommended 
plan. That opposition was based on both aesthetic 
and financial considerations. The revised plan 
called for a combination of detention storage with 
structure floodproofing and removal; 

The flood control plan for Underwood Creek and 
Dousman Ditch as recommended in the Menomo
nee River watershed study would have an esti
mated capital cost of $3,633,400. Assuming an 
annual interest rate of 6 percent and a project life 
of 50 years, the average annual cost of the plan 
would be $242,800, including $12,400 in annual 
operation and maintenance costs. The benefit
cost ratio of the plan was found to be 3.60. 

Refined Flood Control System Plan: The flood 
control plan for Underwood Creek and Dousman 
Ditch developed as part of this system planning 
effort represents a reimement of that proposed 
under the Commission's Menomonee River 
watershed study. Incorporated into this refine
ment are the results of the hydrologic and 
hydraulic analyses conducted as a part of this 
system planning effort, updated topographic 
information provided by large-scale topographic 
maps produced since completion of the water
shed study, and proposed development plans 
which may impact on the recommended plan. 



Table 110 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES 
FOR UNDERWOOD CREEK AND DOUSMAN DITCH IN THE CITY OF BROOKFIELD 

Costa 

Amortized Operation and Annual Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ 0 $ 0 $ 0 $148,800 $148,800 0 

2. Detention Storage 231,800c 14,800 2,200 0 17,000 4.44 

3. Structure Floodproofing 2,072,600 131,400 0 0 131,400 1.12 
and Removal 

4. Combination of Chan- 1,996,600 126,600 600 0 127,200 1.16 
nelization, Structure 
Floodproofing and 
Removal, and Bridge 
Alteration 

5. Combination of Dikes 2,529,400 160,400 14,000 0 174,400 0.84 
and Floodwalls, Struc-
ture Floodproofing and 
Removal, and Bridge 
Alteration 

6. Bridge Alteration or __ d __ d __ d __ d __ d - -
Removal 

7. Combination of Deten- 1,439,000c 91,200 2,200 0 93,400 1.57 
tion Storage, Bridge 
Alteration, and Struc-
ture Floodproofing and 
Removal 

aCosts are expressed in 1986 dol/ars. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

cBased on the assumption that the cost of the detention basin would be shared by the ViI/age of Elm Grove and the 
City of Brookfield in proportion to the flood hazard mitigation derived by the community. 

dNa costs were computed since this alternative was found to be technically infeasible. 

Source:SEWRPC. 

As part of the flood control plan refinement, two 
alternative floodwater storage measures were 
considered. The first alternative consists only of 
maintaining the existing natural floodwater 
storage along Dousman Ditch between W. Geb
hardt Road and W. Wisconsin Avenue. Under a 

100-year recurrence interval event and assuming 
planned land use and existing channel condi
tions, about 230 acre-feet of floodplain storage is 
presently available along this reach. This 
storage would be maintained by not allowing 
any new development to occur within the 100-
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Table 111 

MENOMONEE RIVER WATERSHED STUDY FLOOD CONTROL ALTERNATIVES 
FOR UNDERWOOD CREEK AND DOUSMAN DITCH IN THE VILLAGE OF ELM GROVE 

Costa 

Amortized Operation and Benefit-Cost 
Alternative Capital Capitalb Maintenance Other Total Ratio 

1. No Action $ 0 $ 0 $ 0 $725,600 $725,600 0 

2. Detention Storage 1,028,400c 65,200 10,200c 0 75,400 4.24 

3. Structure Floodproofing 3,740,000 237,600 0 0 237,600 3.05 
and Removal 

4. Major Channel 7,322,400 464,600 2,000 0 466,600 1.56 
Modification 

5. Minor Channel - -d __ d __ d __ d __ d - -
Modifications 

6. Dikes and Floodwalls 9,560,200 606,600 22,400 0 629,000 1.15 

7. Bridge and Culvert 
__ d __ d __ d __ d __ d - -

Replacement 

8. Combination of Deten- 7,513,000 476,400 12,200 0 488,600 1.49 
tion Storage and 
Channelization 

9. Combination of Deten- 6,544,400 415,200 13,200 0 428,400 1.69 
tion Storage, Major and 
Intermediate Channel-
ization, and Structure 
Floodproofing 

10. Combination of Deten- 2,194,400c 139,200 10,200c 0 149,400 4.86 
tion Storage and Struc-
ture Floodproofing and 
Removal 

aCosts are expressed in 1986 dollars. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

cBased on the assumption that the cost of the detention basin would be shared by the Village of Elm Grove and the 
City of Brookfield in proportion to the flood hazard mitigation derived by the community. 

dNo costs were computed since this alternative was found to be technically infeasible. 

Source: SEWRPC. 
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year floodplain. This alternative is similar to 
that recommended under the watershed study in 
that it would provide a like amount of floodwater 
storage while allowing some discharge to down
stream reaches. 

The second alternative considered includes the 
construction of two stormwater detention basins 
along Dousman Ditch upstream of Gebhardt 
Road. This two-basin approach represents a 
revision of the original recommended plan and 
is based in part on a 1979 study conducted 
by the engineering consulting firm of Donohue 
and Associates, Inc. That study, which was 
prepared for the City of Brookfield, recom
mended that the proposed basins be designed to 
hold the entire 100-year recurrence interval 
runoff from the area tributary to the basins with 
no significant discharge to downstream reaches. 
This would require the provision of about 330 
acre-feet of storage. 

Under the first floodwater storage alternative, a 
total of 76 structures would continue to incur 
flood damages along Underwood Creek from a 
100-year recurrence interval flood under planned 
land use conditions. Under the second alterna
tive, this number would be reduced to 41 struc
tures. Therefore, it was decided that the second 
alternative, calling for the construction of two 
detention basins, would be included in the 
refined recommended flood control plan. 

The refined flood control plan for Underwood 
Creek and Dousman Ditch is shown on Map 177 
and includes the construction of two stormwater 
detention basins along Dousman Ditch 
upstream of Gebhardt Road as well as structure 
floodproofing and elevation along Underwood 
Creek in the City of Brookfield and the Village 
of Elm Grove. The peak flood profile attendant 
to planned land use and channel conditions in 
the Underwood Creek Subwatershed is shown on 
Figure 85. The peak flood profile for Dousman"" 
Ditch is similarly shown on Figure 86. . 

The lower, or northern, detention basin would be 
located in the southeast one-quarter of U. S. 
Public Land Survey Section 22, Township 7 
North, Range 20 East, with its outlet located 
immediately upstream of the proposed extension 
of W. Choctaw Trail, about 600 feet upstream of 
N. Gebhardt Road. This basin would cover an 
area of about 54 acres and would have a design 
capacity of about 50 acre-feet at a pool elevation 
of 825.2 feet above NGVD. The outlet control 

structure would be created by constructing about 
330 feet of earthen dike beginning at N. Pilgrim 
Parkway and extending west across the channel. 
This dike would range in height from one to five 
feet and have side slopes of one vertical on three 
horizontal. Outflow from the basin would be 
handled by an 18-inch-diameter reinforced 
concrete pipe placed in this dike at the existing 
channel invert. This pipe would restrict outflow 
from the basin during larger storm events but 
would allow for subsequent drainage of the 
basin as well as the conveyance of flows along 
Dousman Ditch during periods of low flow. The 
top of the dike would be at the design pool 
elevation of 825.2 feet NGVD and would act as 
an emergency spillway for stormwater runoff in 
excess of 50 acre-feet. Although no inundation of 
N. Pilgrim Parkway is expected at the design 
pool elevation, there are two low points along the 
roadway where there would be only about 
0.3 foot of freeboard. Thus,· it may be desirable 
to raise those portions of N. Pilgrim Parkway in 
order to provide for greater freeboard. 

The upper, or southern, detention basin would be 
located in the northern one-half of U. S. Public 
Land Survey Section 27, Township 7 North, 
Range 20 East, between N. Pilgrim Parkway and 
N. Calhoun Road. This basin would cover an 
area of about 110 acres and would have a design 
capacity of about 280 acre-feet at a pool eleva
tion of 830.2 feet above NGVD. It would be 
created by constructing about 3,700 feet of 
earthen dikes ranging in height from one to 
seven feet with side slopes of one vertical on 
three horizontal. The outlet from the basin would 
consist of an 18-inch-diameter reinforced con
crete pipe located at River Mile 1.36, or about 500 
feet upstream of the private drive at the 
Dousman-Dunkel Inn. An emergency spillway at 
the design pool elevation of 830.2 feet NGVD 
would be constructed at this location to handle 
storm water runoff in excess of 280 acre-feet. 
About 1,300 feet of N. Pilgrim Parkway would be 
raised an average of 1.5 feet in order to prevent 
overtopping at the design pool elevation and to 
provide a minimum freeboard of two feet. 

No stormwater pumping facilities would be 
required for either of these two basins. Drainage 
to the basins would be accomplished by gravity 
flow along existing drainageways. By leaving 
these drainageways open, some inundation of 
currently developed land, but no buildings, 
would occur. A total of 10 properties would be 
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NOTE-

Map 177 

REFINED RECOMMENDED FLOOD CONTROL SYSTEM PLAN FOR UNDERWOOD CREEK AND DOUSMAN DITCH 
UNDERWOOD CREEK 

LEGE ND 

IOO_YE~R RECURRE NCE INTERV<l. L 
FLOODPLAIN - YEAR 2000 
PLANNED LANO USE MID PLAN J'oI[ O 
CH 4NNEl CONDITIONS 

II,PPIIO)(I"'''T[ EXISTING CHtoNNEL 
CE NTERLI NE ANO RIVER MIL E 
STATIONING 

THE AVAI LABIL ITY OF LARGE _SCALE 
TQPGRAPHIC MAPPING FOR UNDERWOOD 
CREE K IS SHOWN IN APPENDIX H 

G'MP' tiC SC ...... E 

DAT t OF PI1010GR':'PtiY APRIL 19S6 



'" 

,., 

'" 

, .. 

690. ... 

Figure 85 

RECOMMENDED PLAN FLOOD STAGE PROFILE FOR UNDERWOOD CREEK 
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affected along the lower basin, although the 
design pool elevation is about 0.8 foot below the 
100-year recurrence interval flood level under 
planned land use and existing channel condi
tions along these properties. A total of four 
properties would be affected along the upper 
detention basin. The design pool elevation would 
be about 2.5 feet above the 100-year flood level 
under planned land use and existing channel 
conditions at these properties. At those locations 
where the 100-year flood level would be increased 
due to construction of the detention basin, it may 
be necessary to obtain flood easements from the 
property owners affected. As the nature of these 
easements can vary on an individual basis, no 
cost has been assigned to such easements in the 
recommended plan. 

Construction of the two detention basins would 
reduce the number of structures expected to incur 
direct flood damages under a 100-year recurrence 
interval flood along Underwood Creek from 76 
to 41. Under this refined flood control plan, 
damages to these remaining structures would be 
eliminated by a combination of floodproofing 
and elevation. In the case of residential struc
tures, 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 base
ments if the estimated cost of elevating the 
structure and floodproofing the basement was 
less than the estimated 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 aes
thetic reasons, structure elevation was limited to 
a maximum of four feet. Structures which would 
have to be raised more than four feet were 
considered for removal. Floodproofing was 
considered feasible for all nonresidential struc
tures provided the flood stage was not more than 
seven feet above the first floor elevation. Flood
proofing costs for nonresidential structures were 
assumed to be a function of the depth of water 
over the first floor. 

Forty-one structures would still be expected to 
incur flood damages under a 100-year recurrence 
interval flood; however, the flood damage would 
be significantly less than would be expected 
under existing conditions. Thirty-eight of the 
41 structures would have to be floodproofed and 
three would have to be elevated. No structures 
would have to be removed. 
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No bridge or culvert replacement is included in 
the refined recommended plan. The Menomonee 
River watershed study included a recommenda
tion for replacement of the Soo Line (former 
Chicago, Milwaukee, St. Paul & Pacific Rail
road) railway bridge located at River Mile 6.32. 
The refined floodplain analysis conducted under 
this system plan indicates that only two houses 
would be expected to incur damages under a 
100-year recurrence interval flood due to the 
backwater effect from this bridge. Furthermore, 
construction of the two detention basins would 
remove these two houses from the 100-year 
floodplain, thus eliminating the need to replace 
this railway bridge. 

Assuming complete implementation of these 
flood control measures, 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 flood control plan is esti
mated at $130,000. This cost consists of the 
amortization of the $672,000 capital cost for the 
detention basins, including land acquisition; the 
$970,000 cost for structure floodproofing; the 
$94,000 cost for structure elevation; and $20,000 
in annual operation and maintenance costs. The 
average annual flood abatement benefit is 
estimated at $166,000. The resulting benefit-cost 
ratio is 1.28. As noted earlier in this chapter, 
these flood abatement benefits do not account 
for a reduction in potential secondary flooding. 
If these secondary flood damages were included, 
the resulting benefit-cost ratio would be higher. 

Flood Control and Related 
Drainage System Plan Implementation 
The recommended flood control plan for U nder
wood Creek is largely nonstructural, in that it 
emphasizes structure floodproofing and eleva
tion as a means of alleviating flood damages. 
The structure floodproofing and elevation mea
sures would be undertaken by the property 
owners directly affected. It is further recom
mended that the professional services required to 
prepare plans for the floodproofing and eleva
tion of individual buildings be made available, 
at no cost, to the property owners by the City of 
Brookfield and the Village of Elm Grove. Also, 
it is recommended that these communities 
review their building ordinances to ensure that 
appropriate floodproofing regulations are 
included. Finally, it is recommended that these 
communities explore, on behalf of the property 
owners involved, any available state and/or 
federal aids for such floodproofing measures. 



Table 112 

SUMMARY OF RECOMMENDED PLAN CAPITAL COSTS FOR UNDERWOOD CREEK AND DOUSMAN DITCH 

Implementing Agency Flood Control Measures Estimated Capital Cost 

City of Brookfield Detention basin $ 168,OOOa 

Village of Elm Grove Detention basin 504,OOOa 

Various Private Property Owners Structure floodproofing 970,000 
Structure elevation 94,000 

Total $1,736,000 

aCost is recommended to be borne by the Milwaukee Metropolitan Sewerage District if District boundaries are expanded 
to include these areas. 

Source: SEWRPC. 

It is recommended that the structural flood 
control measures recommended for Underwood 
Creek be implemented through the cooperative 
efforts of the City of Brookfield and the Village 
of Elm Grove. More specifically, it is recom
mended that the City of Brookfield and the 
Village of Elm Grove share the cost for the 
design, construction, and maintenance of the 
two detention basins recommended along Dous
man Ditch upstream from Gebhardt Road. 
Although these basins would be located entirely 
within the City of Brookfield, flood damage 
abatement benefits due to these basins would be 
realized in both communities. It is further 
recommended that the costs associated with 
these basins be assigned in proportion to the 
flood damage mitigation benefits derived by 
each community. If, however, District jurisdic
tion is extended to include the sewer service 
areas, it is recommended that the costs for the 
design, construction, and maintenance of these 
detention basins be borne by the District. 

A residential development which incorporates a 
portion of the recommended upstream detention 
storage area is currently under construction. It 
is recommended that, following completion of 
that construction, the City of Brookfield prepare 
a large-scale topographic map for the northwest 
one-quarter of U. S. Public Land Survey Sec
tion 27, Township 7 North, Range 20 East, City 
of Brookfield. 

The capital costs associated with the recom
mended plan are apportioned by agency in 
Table 112. 

SOUTH BRANCH OF UNDERWOOD CREEK 
SUBWATERSHED FLOOD CONTROL 
AND RELATED DRAINAGE PLAN 

Hydrologic and hydraulic analyses of the South 
Branch of Underwood Creek were previously 
conducted under the Commission's Menomonee 
River watershed study. This system planning 
effort represents a refinement of the analyses 
conducted under that earlier study. 

Overview of the Subwatershed 
The South Branch of Underwood Creek subwa
tershed is located largely within west-central 
Milwaukee County, with portions extending into 
Waukesha County. The subwatershed includes 
portions of the Cities of Milwaukee, West Allis, 
Brookfield, and New Berlin. From its origin at 
the W. Greenfield Avenue enclosure inlet in the 
City of West Allis, the South Branch of Under
wood Creek flows in a northerly direction for a 
distance of about 1.6 miles to its confluence with 
Underwood Creek in the City of Brookfield. The 
South Branch of Underwood Creek drains an 
area of about 5.18 square miles, as shown on 
Map 178. The extent of the subwatershed area 
within each minor civil division involved is 
given in Table 113. 
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More specifically, from its origin at Greenfield 
Avenue, the South Branch of Underwood Creek 
flows in a northerly direction in an enclosure for 
a distance of about 0.5 mile to Theodore Trecker 
Way; thence northerly in an open channel for 
about 0.5 mile to IH 94; continuing northerly in 
an open channel for about 0.6 mile across 
W. Blue Mound Road to its confluence with 
Underwood Creek. Of the lo6·mile reach 
described, 1.1 miles, or about 69 percent, are 
classified as perennial; while the remaining 0.5 
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mile is classified as intermittent. The entire 
stream reach is recommended for District juris
diction in the policy plan companion to this 
system plan. 

In 1985, about 95 percent of the South Branch 
of Underwood Creek subwatershed was devel
oped for urban use. About 43 percent of the 
urban land was in residential uses. Other urban 
uses included recreational, industrial, and com
mercial lands. The developed areas of the 



Table 113 

AREAL EXTENT OF CIVIL DIVISIONS IN THE SOUTH BRANCH OF UNDERWOOD CREEK SUBWATERSHED 

Civil Division Area Included Percent of Subwatershed 
Civil Division Within Subwatershed (square miles) Area Within Civil Division 

City of Brookfield .... · .. · ... · .. 

City of Milwaukee . . . · .. · ... · .. 

City of New Berlin . . . · .. · ... · .. 

City of West Allis . . . . · .. · ... · .. 

Total 

Source: SEWRPC. 

subwatershed in Milwaukee County are gener
ally provided with a full range of municipal 
street improvements, including paved streets 
with curbs and gutters and attendant storm 
sewers. In Waukesha County, some of the 
developed lands are provided with a full range 
of municipal street improvements, including 
paved streets with curbs and gutters and atten
dant storm sewers, while other developed lands 
are provided with paved streets and road 
ditches, with drainage accomplished through a 
combination of these road ditches, storm sewers, 
and surface swales and watercourses. The 
planned land use conditions utilized in the 
system planning effort assume that the subwa
tershed will be almost entirely urbanized by the 
design year of the system plan. 

The flood profile for the South Branch of 
Underwood Creek under planned land use and 
existing channel conditions is shown as Fig
ure 87. The extent of the 100-year recurrence 
interval floodplain under planned land use and 
existing channel conditions is shown on 
Map 179. 

Evaluation of Alternative Flood Control 
and Related Drainage System Plans for 
the South Branch of Underwood Creek 
As previously noted in this chapter, no structure 
flood damages are expected to be incurred along 
the South Branch of Underwood Creek for floods 
up to and including the 100-year recurrence 
interval event. All flow from a 100-year event 
under planned land use and existing channel 

1.35 26.1 

0.32 6.2 

0.68 13.1 

2.83 54.6 

5.18 100.0 

conditions would be contained within the pres
ent channel system. Thus, no flood control 
alternatives were evaluated for this stream 
under this system plan. 

Implementation of the recommended drainage 
and flood control system plan for Underwood 
Creek and Dousman Ditch would result in a 
slight reduction in the 100-year recurrence 
interval flood flow and stage at the confluence 
of Underwood Creek and the South Branch of 
Underwood Creek under planned land use con
ditions. Thus, the 100-year flood profile along the 
lower reach of the South Branch of Underwood 
Creek would be lowered due to a reduction in 
backwater from Underwood Creek. The extent of 
the 100-year recurrence interval floodplain along 
the South Branch of Underwood Creek under 
planned land use and channel conditions is 
shown on Map 180. The peak flood profile 
attendant to planned land use and channel 
conditions is shown on Figure 88. 

LITTLE MENOMONEE RIVER 
SUBWATERSHED FLOOD CONTROL 
AND RELATED DRAINAGE PLAN 

Hydrologic and hydraulic analyses of the Little 
Menomonee River were previously conducted 
under the Commission's Menomonee River 
watershed study. This system planning effort 
represents a refinement of the analyses con
ducted under that earlier study. 
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Table 114 

AREAL EXTENT OF CIVIL DIVISIONS IN THE LlTILE MENOMONEE RIVER SUBWATERSHED 

Civil Division Area Included Percent of Subwatershed 
Civil Division Within Subwatershed (square miles) Area Within Civil Division 

City of Mequon ..... · ...... · .. 

City of Milwaukee ... · ...... · .. 

Village of Germantown · ...... · .. 

Total 

Source: SEWRPC. 

Overview of the Subwatershed 
The Little Menomonee River subwatershed is 
located largely within northwestern Milwaukee 
County and southwestern Ozaukee County, with 
small portions extending into Washington 
County. The subwatershed includes portions of 
the Cities of Mequon and Milwaukee and the 
Village of Germantown. From its origin in 
southwestern Ozaukee County in the City of 
Mequon, the Little Menomonee River flows in a 
generally southerly direction for a distance of 
10.2 miles to its confluence with the Menomonee 
River in the City of Milwaukee. The Little 
Menomonee River drains an area of about 21.84 
square miles, as shown on Map 181. The extent 
of the subwatershed area within each minor civil 
division involved is given in Table 114. 

More specifically, from it origin at Freistadt 
Road in the City of Mequon, the Little Menomo
nee River flows in a southerly direction for about 
3.2 miles to County Line Road at the Ozaukee
Milwaukee County line; continues southerly for 
about 1.1 miles to W. Brown Deer Road in the 
City of Milwaukee; thence southeasterly for 
about 1.2 miles to W. Bradley Road; thence 
southerly for about 1.0 mile to W. Good Hope 
Road; thence southwesterly for about 3.7 miles 
to its confluence with the Menomonee River. Of 
the 10.2-mile reach described, 9.7 miles are 
classified as perennial. The lower 7.0 miles of the 
stream are recommended for District jurisdiction 
in the policy plan companion to this system 
plan. The remainder of the stream lies in an area 
not within the current District limits or planned 
future District limits. 
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10.06 46.1 

11.37 52.1 

0.41 1.8 

21.84 100.0 

In 1985, about 43 percent of the Little Menomo
nee River subwatershed was developed for urban 
uses, while the other 57 percent remained in 
rural uses. Of the developed urban land, . about 
50 percent was used for residential purposes. 
Other urban uses included industrial, institu
tional, and open space uses. The developed areas 
of the subwatershed are generally provided with 
a full range of municipal street improvements, 
including paved streets with curbs and gutters 
and attendant storm sewers. Accordingly, sur
face runoff is generally conveyed quickly from 
most individual sites through storm sewers to 
the Little Menomonee River. The planned land 
use conditions utilized in the system planning 
effort assume that the watershed will be about 
60 percent urbanized by the design year of the 
system plan. 

The flood profile for the Little Menomonee River 
is shown as Figure 89. The extent of the 100-year 
recurrence interval floodplain under planned 
land use and existing channel conditions is 
shown on Map 182. 

Evaluation of Alternative Flood 
Control and Related Drainage System 
Plans for the Little Menomonee River 
As previously noted in this chapter, structure 
flood damages along the Little Menomonee 
River are limited to three houses in the City of 
Milwaukee. Additional flood damages were 
identified in the Menomonee River watershed 
study for a reach in the City of Mequon which 
is not recommended for District jurisdiction. 
That study had recommended that those flood 
problems be resolved through structure flood-
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proofing. Since those measures would not impact 
on flood flows and stages for the reach under 
District jurisdiction, no further analysis of 
flooding in the City of Mequon was made under 
this system plan. 

Two alternative flood control plans were consid
ered to alleviate flood problems in the City of 
Milwaukee: 1) Alternative Plan I-No Action 
and 2) Alternative Plan 2-Structure Floodproof
ing, Elevation, and RemovaL Each alternative is 
described below. 

Alternative Plan I-No Action: One alternative 
course of action with respect to the flood problem 
along the Little Menomonee River is to do 
nothing, that is, to recognize the inevitability of 
flooding but to decide not to mount a collective, 
coordinated program to abate the problem. 
Under planned year 2000 land use and existing 
channel conditions, the average annual flood 
damages would approximate $1,600. The dam
ages from a 100-year recurrence interval event 
may be expected to approximate $17,077. There 
are no monetary benefits associated with this 
alternative. 

Alternative Plan 2-Structure Floodproofing, 
Elevation, and Removal: A structure floodproof
ing, elevation, and removal alternative was 
evaluated to determine if such a structure-by
structure approach would be a technically 
feasible and economically viable solution to the 
flood problem along the Little Menomonee River 
in the City of Milwaukee. The 100-year recur
rence interval flood stage under planned year 
2000 land use and existing channel conditions 
was used to estimate the number of existing 
flood-prone structures to be flood proofed, ele
vated, or removed. 

In the case of residential structures, flood proof
ing 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 and 
floodproofing the basement was less than the 
estimated 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 ade
quate freeboard. For aesthetic reasons, structure 
elevation was limited to a maximum of four feet. 
Structures which would have to be raised more 
than four feet were considered for removaL 

606 

Floodproofing was considered feasible for all 
nonresidential structures provided the flood 
stage was not more than seven feet above the 
first floor elevation. Floodproofing costs for 
nonresidential structures were assumed to be a 
function of the depth of water over the first floor. 

As indicated on Map 183, all three of the 
structures which would be expected to incur 
flood damages under a 100-year recurrence 
interval flood would have to be floodproofed. No 
structures would be elevated or removed. 

Assuming that these structure floodproofing 
measures would be fully implemented, and 
utilizing an annual interest rate of 6 percent and 
a project life of 50 years, the average annual cost 
of this alternative is estimated at $900. This cost 
represents the amortization of the $14,000 
capital cost of floodproofing three houses. The 
average annual flood damage abatement benefit 
was estimated at about $1,600 per year, yielding 
a benefit-cost ratio of 1. 78. 

Evaluation of Alternatives: Although it offers 
the lowest cost, the "no action" alternative does 
nothing to alleviate the existing flood problem 
and does not represent a sound approach to 
flood controL 

Alternative Plan 2-Structure Floodproofing, 
Elevation, and Removal-presents several prob
lems in implementation. First, complete imple
mentation of a voluntary structure floodproofing 
program is unlikely, and with partial imple
mentation, the City of Milwaukee would be left 
with a residual problem whenever a major flood 
event occurs. Also yard damages and cleanup 
costs would remain under this alternative. 
However, because the number of houses affected 
is small and because they are not all located 
together, structure floodproofing provides the 
only reasonable and cost effective solution to the 
flooding problem. Therefore, it is recommended 
that structure floodproofing be adopted as part 
of this system plan for solving the flood problem 
along the Little Menomonee River in the City of 
Milwaukee. The recommended flood control plan 
is shown graphically on Map 183. 

As set forth in the Menomonee River watershed 
study, field reconnaissance sampling and labo
ratory analyses conducted in 1971 concluded 
that the Little Menomonee River bottom sedi
ments were contaminated with creosote in the 
3.75-mile reach from W. Brown Deer Road to a 



point about 2,000 feet downstream of the Fond 
du Lac Freeway (USH 145). The 1971 studies 
were limited to that reach; therefore, no informa
tion was available on the possible extent of 
creosote in the bottom sediments farther 
downstream. 

The creosote in the streambed of the upper 0.75 
mile of the contaminated reach was removed 
under a 1973 demonstration project. The water
shed study recommended that the residual 
creosote pollution problem downstream of the 
0.75-mile-Iong upper reach be resolved by exca
vating a new 3.46-mile-Iong parallel channel of 
similar size approximately 20 feet from the 
existing channel, filling the existing channel, 
and restoring the site. 

Since the watershed study was issued, additional 
investigations of the extent of the creosote 
pollution and of alternatives to resolve the in
place pollutant problem have been conducted 
under the U. S. Environmental Protection 
Agency (EPA) "Superfund" program. Those 
investigations have identified creosote pollution 
in the entire reach of the Little Menomonee 
River from W. Brown Deer Road to its mouth. 
The U. S. Environmental Protection Agency, in 
cooperation with the Wisconsin Department of 
Natural Resources, has completed a two-part 
study of contamination at the Moss-American 
site. The remedial investigation was completed 
in January 1990, and the feasibility study report 
in May 1990. The remedial investigation identi
fied the nature and extent of site contamination 
by collecting and analyzing soil, river sediment, 
surface water, and groundwater samples. Site 
geology and groundwater flow patterns were 
also examined. The remedial investigation 
confirmed that previous site activities have 
heavily contaminated soil and groundwater at 
the site, as well as sediment in the Little 
Menomonee River. The risk assessment element 
of the remedial investigation concluded that the 
public health risks were unacceptable. Based on 
the results of the remedial investigation, a 
feasibility study was then conducted to identify 
and evaluate remedial alternatives that would 
minimize or eliminate the health risks caused by 
site-related contaminants. 

Six remedial action alternatives were evaluated 
in detail. The recommended remedial action plan 
for the Moss-American site is shown in graphic 
summary form on Map 184 and provides for 
the following: 

• Rerouting of the Little Menomonee River 
from the Moss-American site to its mouth. 

• Removal and biological treatment of highly 
contaminated soil and river sediment using 
an onsite treatment system. 

• Burial of remaining sediments in the cur
rent streambed with soil excavated from the 
new channeL 

• Burial of the untreated soil and the treated 
material from the treatment system onsite 
under a soil cover. 

• Collection and treatment of contaminated 
groundwater with discharge to the sanitary 
sewerage system. 

• Treatment of the landfilled soil onsite and 
disposal of it onsite in a specially designed 
landfill. 

The recommended remedial action plan is con
sistent with recommendations contained in the 
adopted Menomonee River watershed plan 
which addressed this problem.9 The remedial 
action plan is estimated to cost $26 million. Its 
annual operation and maintenance cost is 
$130,000, and it is expected to take three to four 
years to complete. 

Refinement of Recommended Flood Control 
System Plan: During the June 14, 1990, meeting 
of the Technical Advisory Committee, the City 
Engineer of the City of Milwaukee requested 
that additional consideration be given to the 
possibility of lowering the Little Menomonee 
River streambed to provide adequate outlets for 
13 existing storm sewers. Those storm sewer 
outfalls are located along a 6.5-mile-Iong reach 
of the stream beginning at a point 0.45 mile 
upstream of the confluence with the Menomonee 
River and extending upstream to W. County 
Line Road. The storm sewers were designed and 
constructed under the assumption that the Little 

9See SEWRPC Planning Report No. 26, A 
Comprehensive Plan for the Menomonee River 
Watershed, Volume Two, Alternative Plans and 
Recommended Plan, October 1976, pp. 205-213 
andp.263. 

607 



0-
o 
ex> 

• 

LEGE ND 
100- YfAA R[CURRENCE I "'1[RII41. 
FLOOPPlAIN_1EiIIIR 2000 
PLMlIiED LAND USE Af'O PLANNED 
CHANNEL toto/DITrONS 

APPROXIMA'TE EXISTING CHANNEL 
CEIHERllNE ANO R IVER IoI l l[ 
STATIONING 

STRUCTURE TO ElE FLOODPROOFED 

NOTI! : litE I>.VI>.ILAIIILITY 0fC LoI.RGt> SCALE 
TOPOGFIAPH I c: MAPP I HG FCA 
tl" LE ~N~[[ R I liEF! IS StiOWtI 
IN APPEND I X H 

Map 183 

RECOMMENDED FLOOD CONTROL PLAN FOR THE lITILE MENOMONEE RIVER 

.,,'- TKII( IS ..0 ctwa 9ET'W[[1I THE roo. Y£,tJI RE~ICE IIIT£HVAI.. F1.0CI0I..AN» 
UIIO£.II PLANN£D Lol.'CIlJS€ AIID [XIST..a Ct1NfHEl COfOTIONS,""'" THE IOO·11!o\R 
R[Cl.MENC[ INTUlYAI.. n..ooou.l'IDS U'Uft f'L.AMIIEO LAlC) USE: AI«) f'LANN(O 
CHAIOIEl COtOTION5. 5[[ flGt.M: 89 oti PAGE 60S FOR THE FLOOOSTAGf 
.. ItO STR£AIEIEO PJIIOf'LU fOR unL[ ~ AII/O! 

rItE IOO·'I'£AR FlECl..ll:RENCE INTEIIVAL FLOOOP\...UII5..or 
Df:lKAT[() IN Ttl( il.R£A NOII'H «' W NIU. RD. AK) 'OO($T 
«' N. 99TH ST. £XTEl'C)[O DUE TO THE LACIC OF 
LARGE. SCALE TCIf'OGAAPHIC ~ 

G"AP"'C SCAl..E 

DATE OF PHOTOGRAPHY APRIL 196f> 



• 
rtQTE : 

LEGEND 
100_ YEAR RECURRENCE I NTERVII.L 
flOOOPLA I 1'1_ YEAR 2000 
PL ANNED L AND USE AND PLIHINEO 
CHANNEL eOND I T IONS 

APPROl( I I>'ATE [XISTI NG CHANNEL 
CENTERLI NE AND RivER M ILE 
STATION I NG 

STRUCTURE TO BE flOODPROOfED 

TIiI!: AVA I Lilli I L t TV OF LARGE_ SCALE 
TOPOGRII.PH I C MAPP I NG FOFt 
LITTLE IlENOMONEE R I YER IS SHCIW'oI 
I N APPENDI X H 

g; Source: SEWRPC. 

'" 

Map 183 (continued) 

NOTE: TIiERE IS NO CtlAHG( IIETWC[H 11'1E IOO_yeAR RECUIIR(NCf IHTERVAI.. fLOOIlI..AND5 
I.M)OI PLANNED lAICIUSf: ANO [XI!HIHG CtIAHHEL CONDITIONS, AIC) THE IOO_YEAR 
I'I(CI.I'IR£.NCE INTERVAl.. f"LOOClt...AMlS UHO[R PLANNED L.A~ USE AM[) Pl..AHf,l(O 
tHAMEL ~S. SEE flGI.IlE 159 ON PA(OE 60' F~ THE FUlOOSTAGE 
AND STR[~ED PAOFLES FOR UTTl.E ~E AlVEA. 

Gl'AP,d(; SCALE 

OlloT[ OF" PHOTOGRAPHY APRIL 1996 



Map 184 

RECOMMENDED REMEDIAL ACTION PLAN FOR THE MOSS-AMERICAN SITE 

i ) 

\\ 
-----ll __________________ ~~L_ __ _ - ,.,," RO. 

'-----~ NORTHEAST 

HEATHER ~,,,,VE,,._~ 

PREPROCESSING 
AREA 

LEGEND 
SITE BOUNDARY 

IOO- YEAR fLOODPLAIN 

TREATED RESIDUALS 
DISPOSAL AREA 

GROUNDWATER 
COLLECTION TRENCH 

EXISTING RIVER CHANNEL 
TO BE BACKfiLLED 

NEW RIVER CHANNEL 

Source: U. S. Environmental Protectioll Agency, 8r1d SEWRPC. 

Menomonee River channel would be widened 
and deepened at a future date in accordance with 
a preliminary design prepared in 1961 by the 
predecessor agency of the Milwaukee Metropoli
tan Sewerage District. Because most of the 
floodplain has been preserved in park and open 
space uses, modification of the stream channel 
is not now required for flood control purposes 
under planned land use conditions, and the 
initial recommendation to f1oodproof three 
buildings is retained. However, to insure ade
quate functioning of existing City storm sewers, 
which serve areas of existing as well as planned 
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t 
urban development, it is recommended that the 
Little Menomonee River streambed be lowered to 
accommodate those storm sewer outfalls. 

The streambed lowering could readily be accom
plished as an addition to the U. S. Environmen
tal Protection Agency remedial action plan, 
which calls for realignment of the stream from 
the Moss-American site just south of Brown Deer 
Road to its confluence with the Menomonee 
River. The approximate streambed profile 
required to provide adequate storm sewer outlets 
is shown in Figure 90. The final profile would 



have to be determined during the design phase 
of the channel realignment project recommended 
by the U. S. Environmental Protection Agency. 
The profile is intended to provide adequate 
outlets for storm sewers discharging directly to 
the Little Menomonee River and also to enable 
the provision of hydraulically adequate outlet 
channels between certain outfalls and the River. 
As indicated on Figure 90, the distance between 
off-channel outfalls and the existing river 
channel ranges from about 425 feet to about 
1,900 feet. Many of the existing channels convey
ing flow from those outfalls to the River are 
presently constructed without a bed slope, or a 
with a very flat bed slope, causing sediment to 
collect and restrict the outfalls. In addition, 
because the pipe invert elevations at the outfalls 
are below grade, the outfall pipes are constructed 
with a reverse slope, which causes sediment to 
accumulate in the storm sewer, reducing the 
hydraulic capacity of the sewer. 

The combined channel realignment recom
mended by the U. S. Environmental Protection 
Agency and the channel deepening recom
mended by this system plan should be accom
plished in such a manner that 100-year 
recurrence interval flood flows in the stream, 
and downstream in the Menomonee River as 
well, will not be increased. This would require 
that the existing hydraulic capacity and flood
plain storage characteristics of the Little Meno
monee River be maintained. The most direct 
means of assuring that flood flows are not 
significantly increased would be to design the 
realignment and deepening project to maintain 
the existing 100-year recurrence interval flood 
profile under planned land use and channel 
conditions. If such a constraint cannot be 
achieved in certain reaches of the stream, 
compensatory flood storage volume should be 
provided to replace the floodplain storage lost 
due to a lowered water surface profile. 

Flood Control and Related Drainage System 
Plan Implementation: The recommended flood 
control system plan for the Little Menomonee 
River consists of floodproofing three houses. It 
is recommended that these floodproofing mea
sures be undertaken by the property owners 
directly affected. It is further recommended that 
the professional services required to prepare 
plans for the floodproofing be made available, at 
no cost, to the property owners by the City of 

Milwaukee through its Engineering Department. 
Also, it is recommended that the City of Milwau
kee review its building ordinance to ensure that 
appropriate floodproofing regulations are 
included. Finally, it is recommended that the 
City explore, on behalf of the property owners 
involved, any available state and/or federal aids 
for such floodproofing measures. 

BUTLER DITCH SUBWATERSHED 
FLOOD CONTROL AND RELATED 
DRAINAGE SYSTEM PLAN 

Hydrologic and hydraulic analyses of Butler 
Ditch were previously conducted under the 
Commission's Menomonee River watershed 
study and under the federal flood insurance 
studies for the City of Brookfield and the Village 
of Menomonee Falls. This system planning 
effort represents a refinement of those earlier 
analyses. 

Overview of the Subwatershed 
The Butler Ditch subwatershed is located 
entirely within east-central Waukesha County. 
The subwatershed includes portions of the City 
of Brookfield and the Village of Menomonee 
Falls. From its origin in southern Menomonee 
Falls, the Butler Ditch flows in a southerly 
direction into the City of Brookfield, where it 
changes course to flow in a northeasterly direc
tion for a total distance of about 4.0 miles to its 
confluence with the Menomonee River. The 
Butler Ditch subwatershed drains an area of 
about 5.40 square miles, as shown on Map 185. 
The extent of the subwatershed area within each 
minor civil division involved is given in 
Table 115. 

More specifically, from its ongm in southern 
Menomonee Falls, the Butler Ditch flows in a 
southerly direction for a distance of about 
1.5 miles to its confluence with the South Branch 
of Butler Ditch; thence easterly for about 0.7 mile 
to Lilly Road; thence northerly for about 
1.8 miles to its confluence with the Menomonee 
River. Of the 4.0-mile reach described, 3.7 miles 
are classified as perennial, while 0.3 mile is 
classified as intermittent. The entire perennial 
length of Butler Ditch, which is located outside 
of the current District limits but within an area 
identified within the District policy plan as 
within possible future District limits, was found 
to meet the criteria for District jurisdiction. 
Moreover, any flood control measures carried out 
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Figure 90 (continued) 
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Table 115 

AREAL EXTENT OF CIVIL DIVISIONS IN THE BUTLER DITCH SUBWATERSHED 

Civil Division Area Included Percent of Subwatershed 
Civil Division Within Subwatershed (square miles) Area Within Civil Division 

City of Brookfield . . 

Village of Menomonee Falls 

Total 

Source: SEWRPC. 

along Butler Ditch may impact flood flows and 
stages and recommended flood control measures 
along that portion of the Menomonee River under 
District jurisdiction. This stream was accord· 
ingly included in the system planning effort. 

In 1985, about 70 percent of the Butler Ditch 
subwatershed was developed for urban uses, 
while the other 30 percent remained in rural 
uses. Of the urban uses, residential was predomi· 
nant, comprising about 80 percent of the total 
urban uses. Other urban land uses included 
commercial, institutional, and open space uses . 
In Waukesha County, some of the developed 
areas are provided with a full range of municipal 
street improvements, including paved streets 
with curbs and gutters and attendant storm 
sewers, while other developed areas are provided 
with paved gtreets and road ditches. The 
planned land use conditions utilized in the 
system planning effort assume that the water· 
shed will be about 92 percent urbanized by the 
design year of the system plan. 

The flood profile for Butler Ditch is shown as 
Figure 91. The extent of the 100·year recurrence 
interval flood hazard area under planned land 
use and existing channel conditions is shown on 
Map 186. 

Evaluation of Alternative Flood Control and 
Related Drainage System Plans for Butler Ditch 
As noted previously in this chapter, no struc· 
tural flood damages are expected to occur along 
Butler Ditch for floods up to and including a 100· 
year recurrence interval event. Stormwater 
drainage problems, however, exist near the 
upstream end of Butler Ditch in the Village of 
Menomonee Falls. One problem involves an 
existing 36·inch·diameter storm sewer located in 
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Dolphin Drive, the invert of which is located at 
elevation 773.5 feet NGVD, or about 2.5 feet 
below the existing invert of Butler Ditch, thus 
reducing the effective capacity of the sewer. The 
location of this storm sewer outfall is shown on 
Map 187. Another problem results from inade· 



quate outlet grades on grassed swales in the 
vicinity of EI Rio Drive. In order to relieve these 
problems, it is the intention of the Village of 
Menomonee Falls to lower the invert of Butler 
Ditch. Lowering the Butler Ditch streambed 
would provide an adequate outfall for the 
Dolphin Drive storm sewer and would provide 
the opportunity to improve the swale outlets 
near EI Rio Drive through the construction of 
additional connecting ditches. Although the 
sewer outfall and swales are located along a 
reach of Butler Ditch which is beyond that 
recommended for future District jurisdiction, the 
proposed channel modification may impact 
downstream flood flows and stages. Also, it is 
the intent of this system plan to identify those 
known areas where conflicts exist between 
existing stormwater drainage systems and their 
receiving streams, and to provide a solution to 
those situations. Therefore, an evaluation of this 
channel deepening was included as part of this 
system planning effort. 

The Butler Ditch channel modifications consid
ered under this system plan are intended to 
provide the required outlets with a minimum 
disturbance of the existing channel. As evalu
ated under this study, the proposed modification 
along Butler Ditch would consist of lowering the 
existing channel bottom from 0.1 to 2.8 feet 
along the 0.6-mile-Iong reach of the Ditch 
between W. Lis bon Road and the existing 
Dolphin Drive storm sewer outfall as shown on 
Map 188. The resulting widened and deepened 
channel would have a bottom width of three feet 
and side slopes of one vertical on three horizon
taL For purposes of this analysis it was assumed 
that following widening and deepening, the 
channel would be allowed to revert to natural 
vegetative cover since it lies largely within an 
isolated wooded area. The peak flood profile 
attendant to planned land use and channel 
conditions is shown on Figure 92. 

As shown on Table 116, the recommended 
channel widening and deepening would not 
change the 100-year recurrence interval flood 
flows along the entire reach of Butler Ditch 
downstream of the Dolphin Drive storm sewer 
outfall. The 100-year recurrence interval flood 
stage would be reduced by a maximum of about 
0.8 foot in the 0.43-mile-Iong reach of widened 
and deepened channel between the storm sewer 
outfall and W. Lisbon Road. Downstream of 
W. Lis bon Road the 100-year flood stage would 
be unchanged. 

The total capital cost of this channel widening 
and deepening is estimated at $60,000. Utilizing 
an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, the 
average annual cost of this project is estimated 
at $3,900. No benefit-cost ratio was calculated 
since flooding problems do not include direct 
overland flood damage but rather are problems 
which cause inconvenience and secondary dam
ages. Such damages and the corresponding 
benefits for their alleviation are not typically 
accounted for in benefit-cost ratio calculations. 

In December of 1986, the Wisconsin Department 
of Natural Resources granted the Village of 
Menomonee Falls a permit to construct a "con
nected enlargement" to Butler Ditch. That 
project would have accomplished the same 
storm water drainage objectives as the channel 
widening and deepening recommended in this 
system plan. The "connected enlargement" 
proposal called for construction of a widened 
and deepened channel which would begin at the 
Dolphin Drive storm sewer outfall, would extend 
to the west along the approximate existing 
alignment of Butler Ditch for about 650 feet, 
would then leave the existing Butler Ditch 
alignment and continue in a westerly direction 
for about 1,000 feet, would then connect with a 
proposed 1,200-foot-Iong ditch coming from the 
north and draining the EI Rio Drive area, would 
then run to the south for 800 feet until it again 
intersected the existing alignment of Butler 
Ditch, and finally would run 600 feet to W. 
Lisbon Road. 

The project was never constructed by the Village 
and the permit granted by the Department 
expired in December of 1988. According to an 
account in tl!e May 24, 1988 edition of the 
Milwaukee Journal, the Department approved 
the "connected enlargement" because it would 
minimize negative impacts .on fish and aquatic 
life associated with modification of the existing 
Butler Ditch channel. The Village's reasons for 
not constructing the "connected enlargement" 
included concern over the impacts of the project 
on the woodland through which the enlargement 
would be located and concern that the project 
would lower groundwater levels and dry up the 
existing Butler Ditch channeL On the basis of 
the Village objections to the "connected enlarge
ment" and because of the feasibility of providing 
habitat mitigation measures to offset the 
impacts of channel modification on fish and 
aquatic life, this system plan recommends 
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Figure 91 
FLOOD STAGE AND STREAMBED PROFILE FOR BUTLER DITCH 
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minimal widening and deepening of the existing 
Butler Ditch channel as a means of resolving the 
storm water drainage problems concerned. 

Flood Control and Related 
Drainage System Plan Implementation 
The recommended system plan for Butler Ditch 
consists solely of channel deepening measures 
intended to alleviate an existing storm water 
drainage problem in the Village of Menomonee 
Falls. It is recommended that this channel 
deepening be implemented by the Village of 
Menomonee Falls. More specifically, it is recom
mended that the Village design, construct and 
maintain the channel modifications along the 
0.6-mile reach of Butler Ditch between Lisbon 
Road and the Dolphin Drive storm sewer outfall. 
If, however, District jurisdiction for channel 
maintenance is extended to include the sewer 
service areas, it is recommended that that 
portion of the channel deepening cost attendant 
to the reach recommended for District jurisdic
tion be borne by the District. 
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IMPACT OF THE RECOMMENDED 
FLOOD CONTROL SYSTEM PLAN 
ON FLOOD FLOWS AND STAGES 

Structural flood control measures herein recom
mended for streams in the Menomonee River 
watershed include channel modification, bridge 
replacement and modification, and detention 
storage. In some instances, these measures are 
intended to improve the hydraulic efficiency of 
the channel system and increase, to some degree, 
downstream flood flows and stages. Other 
measures will serve to decrease downstream 
flood flows and stages. Hydrologic and hydrau
lic analyses were conducted as part of this 
system planning effort to determine the impact 
of the recommended flood control measures on 
downstream flood flows and stages. A compari
son of the 100-year recurrence interval flood 
flows and stages under planned land use and 
existing and planned channel conditions is 
shown in Table 116. 

As already noted, implementation of flood 
control measures for the Menomonee River 
watershed may be expected to increase the 100-
year recurrence interval flood flow on the 
Menomonee River by 1 to 3 percent downstream 
of its confluence with Honey Creek. This 
increase in flow would result in stage increases 
of 0.05 to 0.55 foot in the flood profile between 
River Miles 3.21 and 4.45. These stage increases 
have been incorporated into the flood control 
measures recommended for this reach. No sig
nificant increase in flood flows or stages is 
expected downstream of River Mile 3.21. Flood 
stages upstream of River Mile 4.45 may be 
expected actually to be lower than under existing 
channel conditions due to the recommended 
channel modifications. It should be noted that 
the increase in flood flows along the Menomonee 
River is due not only to the channelization along 
that stream, but also to the storm water drainage 
improvements expected to be carried out on an 
ad hoc basis in the Honey Creek subwatershed. 

Flood control and storm water drainage mea
sures recommended for Honey Creek are 
expected to result in an increase of up to 
28 percent in the 100-year recurrence interval 
flood flows along that stream, with the greatest 
increases occurring along that reach in the City 
of Greenfield recommended to be channelized. 
This increase in discharge would result in stage 
increases of up to 0.3 foot along Honey Creek 
between IH 894 and W. Arthur Avenue. These 
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stage increases would be contained within the 
existing drainage easement for Honey Creek. 
Increases in flood flows and stages downstream 
of W. Arthur Avenue may be attributed to 
storm water drainage measures expected to be 
carried out on an ad hoc basis in the City of 
West Allis stormwater drainage system tributary 
to ... the enclosed portion of the stream. These 
improvements would reduce the temporary 
storm water "detention" caused by the inability 
of the existing drainage system to adequately 
convey runoff from large storm events to the 
enclosure. Hovyever, this system plan recom
mends that such stormwater drainage measures 
be designed so that the existing 2,650 cfs 
capacity of the enclosure is not exceeded under 
100-year recurrence interval conditions. 

The detention storage measures recommended 
for Dousman Ditch would serve to reduce down
stream flooding. For a 100-year recurrence 
interval flood event under planned land use 
conditions, flows along Dousman Ditch are 
expected to be reduced by up to 68 percent and 
along Underwood Creek by up to 50 percent. 
This reduction in flow may be expected to result 
in decreases of 0.01 to 4.46 feet in the 100-year 
recurrence interval flood stage along Underwood 
Creek, and 1.83 to 3.17 feet along Dousman 
Ditch. The 100-year recurrence interval flood 
profile along the lower reach of the South 
Branch of Underwood Creek would be lowered 
slightly due to a reduction in backwater from 
Underwood Creek. No significant reduction in 
flood flows is expected along the downstream 
reaches of the Menomonee River due to construc
tion of the recommended detention basins. 

The remaining structural flood control measures 
recommended for the Menomonee River water
shed under this system plan are not expected to 
have a significant impact on downstream flood 
flows and stages. Those measures include 
channel modifications along the Menomonee 
River upstream of the Menomonee Falls dam 
and along Butler Ditch upstream of Lisbon 
Road, and the construction of a relief culvert 
along the downstream reach of Woods Creek. 

MENOMONEE RIVER WATERSHED 
RECOMMENDED PLAN SUMMARY 

The preceding sections of this report presented 
evaluations of alternative flood control and 
related drainage system plans for the Menomo-

nee River, Woods Creek, Honey Creek, Under
wood Creek and Dousman Ditch, the South 
Branch of Underwood Creek, the Little Menomo
nee River, and Butler Ditch. With the exception 
of Woods Creek, all of these streams were studied 
under the comprehensive watershed planning 
program for the Menomonee River watershed 
completed by the Commission in 1976. The 
recommended plan for each stream as set forth 
in the watershed study has been refined for this 
system plan, using updated hydrologic and 
hydraulic models and accounting for changes in 
local land development and redevelopment 
plans. An original recommended plan has been 
developed for Woods Creek. The refined plans 
are recommended based upon consideration of 
their technical feasibility, economic viability, 
environmental impacts, potential public accep
tance, and practicality. 

The total capital cost of the recommended 
combined flood control plan for the Menomonee 
River and tributaries is estimated at $11,418,000. 
This includes costs for measures designed to 
abate flood damages and to provide adequate 
outlets for existing and proposed storm sewers. 
The costs of the recommended plans for each 
reach of stream are given in Table 117. The 
apportionment of the recommended plan costs 
among the various public agencies and private 
owners concerned are set forth in Table 118. 

The recommended plan would essentially elimi
nate all flood-related damages during floods up 
to and including a 100-year recurrence event 
under planned land use and channel conditions 
along the Menomonee River and the seven 
tributaries. The flood control measures consid
ered under this system plan are primarily 
intended to alleviate flood damages from direct 
overland flooding along the streams studied, as 
well as to provide an adequate outlet for local 
storm sewers and drainageways. These mea
sures, although not specifically designed to do 
so, may also be expected to reduce damages due 
to localized stormwater drainage problems or 
sanitary sewer backup. 

The recommended plan includes the provision of 
substantial floodwater storage through the 
preservation of essentially totally natural flood
plain storage remaining in the watershed and 
through the construction of two storage facili
ties. The two storage facilities which are recom
mended for construction include a 110-acre, 
280-acre-foot detention basin in series with a 
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Figure 92 
RECOMMENDED PLAN FLOOD STAGE PROFILE FOR BUTLER DITCH 
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Stream 

Table 116 

IMPACT OF RECOMMENDED FLOOD CONTROL AND RELATED DRAINAGE SYSTEM 
PLAN ON MENOMONEE RIVER WATERSHED FLOOD DISCHARGES AND STAGES 

1 oo-Year Recurrence 100-Year Recurrence 
Interval Flood Discharge Interval Flood Stage 

Planned Land Use Planned Land Usea 

(cfsl (feet NGVDI 

Existing Recommended Existing Recommended 
River Channel Plan Percent Channel Plan 

Location Mile Conditions Conditions Change Conditions Conditions 

Menomonee River At Falk Corporation dam 2.22 16,800 16,800 0 595.7 595.7 

S. 32nd Street extended 2.45 16.400 16.400 0 596.1 596.1 

Upstream of confluence 3.21 14,900 15,100 1 597.6 597.6 
with Woods Creek 

Soo Line Railroad 3.71 14,900 15,100 1 602.9 603.0 
(former Chicago, 
Milwaukee, St. Paul & 
Pacific Railroadl 

Soo Line Railroad 4.24 13,700 14,000 2 608.4 608.7 

Downstream from 4.44 13,700 14,000 2 612.2 612.7 
N. 46th Street 

Upstream from 4.46 13,700 14,000 2 614.4 613.8 
N. 45th Street 

N. Hawley Road 5.15 13,700 14,000 2 634.7 628.1 

N. 70th Street 6.10 13,600 14,000 3 645.5 642.4 

Upstream of confluence 6.24 10,200 10,200 0 647.1 643.7 
with Honey Creek 

W. Harmonee Avenue 6.79 10,200 10,200 0 659.1 659.0 

W. North Avenue 8.50 5,390 5,390 0 679.5 679.6 

W. Burleigh Street 9.68 6,290 5,290 0 685.7 685.7 

N. Mayfair Road 10.67 6,130 5.130 0 696.8 696.8 
(STH 1001 

Upstream from 11.38 5,070 5.070 0 700.6 700.6 
W. Capitol Drive 

Zoo Freeway (USH 451 12.88 4.290 4.290 0 706.6 706.6 

W. Silver Spring Road 14.64 3.670 3.670 0 726.1 726.1 

Upstream of confluence 17.97 3.250 3.250 0 743.3 743.3 
with Dretzka Park 
Tributary 

Lilly Road 19.74 2.250 2.250 0 752.3 762.3 

Upstream of confluence 20.27 1.360 1.360 0 755.0 755.0 
with Nor-X-Way 
Channel 

Menomonee Falls Dam 21.89 1.180 1.180 0 835.3 835.3 

Woodlawn Avenue 22.71 1.150 1.150 0 842.2 840.0 
extended 
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Table 116 (continued) 

lOO-Year Recurrence 100-Year Recurrence 
Interval Flood Discharge Interval Flood Stage 

Planned Land Use Planned Land Usea 

(cfs) (feet NGVD) 

Existing Recommended Existing Recommended Change in 
River Channel Plan Percent Channel Plan Flood Stage 

Stream Location Mile Conditions Conditions Change Conditions Conditions (feet) 

Menomonee River W. County line Road 23.43 1,140 1,140 0 843.6 842.2 -1.3 
(continued) 

STf{'s 41 and 46 24.80 1,220 1,220 0 846.4 846.2 -0.2 

Lilac Lane 26.23 790 790 0 846.4 846.3 -0.1 

5TH 146 27.26 660 660 0 860.1 860.1 0 

Little Menomonee Confluence with the 0.00 1,700 1,700 0 703.6b 703.6b 0 
River Menomonee River 

W. Appleton Avenue 1.67 1,700 1.700 0 707.8 707.8 0 

W. Fond du Lac Avenue 2.66 1,820 1,820 0 712.0 712.0 0 

Upstream of confluence 3.07 1,100 1,100 0 712.6 712.6 0 
with Noyes Creek 

W. Bradley Road 4.69 640 640 0 718.3 718.3 0 

W. County Line Road 6.96 730 730 0 721.1 721.1 0 

Underwood Creek Confluence with the 0.00 5,760 5,730 -0.6 678.6b 678.6b 0 
Menomonee River 

Zoo Freeway (USH 45) 0.76 6,030 4,930 -2 691.1 691.1 0 

W. Watertown 1.50 4,310 4,230 -2 709.0 708.8 -0.2 
Plank Road 

United Parcel 2.67 1,640 1,620 -7 723.6 723.6 0 
Service Drive 

500 Line Railroad 3.10 1,640 1,620 -7 733.1 732.9 -0.2 

Watertown Plank Road 3.43 1,640 1,620 -7 743.7 743.4 -0.3 

W. Juneau Boulevard 3.67 1,310 990 -24 746.4 745.9 -0.5 

W. North Avenue 4.82 1,280 920 -28 762.1 751.4 -0.7 

Clearwater Drive 6.69 1,090 600 -46 768.1 757.4 -0.7 

Indian Creek Parkway 6.20 1,090 600 -46 797.2 792.7 -4.6 

Upstream from Soo 6.33 820 410 -50 804.8 800.9 -3.9 
Line Railroad 

Upstrea m of confluence 6.97 130 130 0 823.1 821.4 -1.7 
with Dousman Ditch 

Wirth Park footbridge 7.24 130 130 0 823.6 822.5 -1.1 

500 Line Railroad 7.28 74 74 0 825.4 825.4 0 

South Branch of Confluence with 0.00 2,260 2,260 0 719.6c 719.4c -0.2 
Underwood Creek Underwood Creek 

Theodore Trecker Way 1.08 1,430 1,430 0 723.9 723.9 0 
enclosure outlet 
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Table 116 (continued) 

100-Year Recurrence 100-Year Recurrence 
Interval Flood Discharge Interval Flood Stage 

Planned Land Use Planned Land Usea 

(cfs) (feet NGVD) 

Existing Recommended Existing Recommended Change in 
River Channel Plan Percent Channel Plan Flood Stage 

Stream Location Mile Conditions Conditions Change Conditions Conditions (feet) 

Dousman Ditch Confluence with 0.00 620 200 -68 823.1 c 821.3c -1.8 
Underwood Creek 

Upstream from 0.07 620 200 -68 824.8 821.6 -3.2 
W. North Avenue 

Honey Creek Confluence with the 0.00 3,600 3,700 +3 646.9b 643.9b -3.0 
Menomonee River 

Honey Creek Parkway 0.17 3,600 3,700 +3 653.8 653.3 -0.5 

W. Portland Avenue 0.50 3,600 3,700 +3 668.5 668.9 +0.4 

W. Wisconsin Avenue 0.91 3,200 3,350 +5 683.0 683.1 +0.1 

Drop structure 1.52 2,850 3,000 +5 690.0 690.6 +0.6 

IH 94 1.99 2,500 2,650 +6 695.3 695.5 +0.2 

W. Greenfield Avenue 3.10 2,280 2.450 +7 --d --d --d 

Upstream of W. Arthur 4.32 2,280 2,270 -0.4 727.9 727.7 -0.2 
Avenue enclosure inlet 

W. Oklahoma Avenue 5.27 1,870 1,860 -0.5 731.2 731.1 -0.1 

Downstream of W. 6.44 1,310 1,370 +4 744.2 744.2 0 
Howard Avenue 

IH 894 7.53 760 970 +28 752.2 752.3 +0.1 

W. Layton Avenue 7.80e 640 760 +19 759.9 753.4 -6.5 

W. Loomis Road 8.53e 430 430 0 761.9 756.5 -5.4 

Butler Ditch Confluence with the 0.00 950 950 0 721.9b 721.9b 0 
Menomonee River 

W. Hampton Road 1.02 760 760 0 750.2 750.2 0 

Downstream of 1.72 520 520 0 756.0 756.0 0 
Lilly Road 

Upstream of confluence 2.49 450 450 0 759.7 759.7 0 
with South Branch of 
Butler Ditch 

W. Lisbon Road 3.40 380 380 0 774.8 774.8 0 

Upstream of W. 3.56 380 380 0 775.7 775.7 0 
Lisbon Road 

Downstream of Dolphin 3.99 95 95 0 777.9 777.1 -0.8 
Drive storm sewer 
outfall 

Woods Creek Confluence with the 0.00 1,160 1,160 0 --d --d --
Menomonee River 

Stadium Freeway 0.08 1,080 1,120 +4 610.2 599.6 -10.6 
culvert 
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Table 116 (continued) 

100-Year Recurrence 100-Year Recurrence 
Interval Flood Discharge Interval Flood Stage 

Planned land Use Planned Land Usea 

(cfs) (feet NGVD) 

Existing 
River Channel 

Stream Location Mile Conditions 

Woods Creek Soo Line Railroad 0.265 1,120 
(continued) 

Outlet of 108-inch 0.33 880 
culvert 

Outlet of Veterans 0.63 860 
Administration Center 
enclosure 

Upstream of Veterans 0.92 580 
Administration Center 
enclosure 

a Flood stages at road crossings are for upstream side of the bridge or culvert. 

bMenomonee River flood stage. 

cUnderwood Creek flood stage. 

dF/ow is contained within culvert. 

e Measured along existing, as opposed to planned, channel alignment. 

Source: SEWRPC. 

54-acre, 50-acre-foot basin along Dousman Ditch 
in the City of Brookfield, and a 7.5-acre, 12.5-
acre-foot basin in conjunction with 35.5 acre-feet 
of storage in a deepened and widened channel 
along Honey Creek in the City of Greenfield. 

The recommended flood control plan is best 
understood by dividing the Menomonee River 
and its tributary streams into several distinct 
reaches. The recommended plan for each of 
those reaches is described below. 

Lower Menomonee River 
The Lower Menomonee River reach extends from 
the mouth of the River at its confluence with the 
Milwaukee River to its confluence with the Little 
Menomonee River at River Mile 12.52. The 
portion of the Lower Menomonee River recom
mended for District jurisdiction begins at the 
Falk dam at River Mile 2.22. The plan recom
mendations for each subreach are as follows: 

1. City of Milwaukee from the 27th Street 
Viaduct to IH 94: It is recommended that 

Recommended Existing Recommended Change in 
Plan Percent Channel Plan Flood Stage 

Conditions Change Conditions Conditions (feet) 

1,120 

880 

860 

580 

0 612.0 607.0 -6.0 

0 612.2 607.4 -4.8 

0 617.6 617.6 0 

0 630.6 630.6 0 

the existing steel sheet floodwall along the 
Falk Corporation property be raised from 
0.2 to 3.0 feet to provide three feet of 
freeboard during a 100-year recurrence 
inte~al flood under planned land use and 
channel conditions. The crest of the Falk 
floodwall would be raised to elevation 
595.5 feet NGVD at its downstream end 
and to 599.1 feet NGVD at its upstream 
end. It is also recommended that the 
existing earth dike along the former Chi
cago, Milwaukee, St. Paul & Pacific rail
way yards upstream of the Falk property 
be raised from 0 to three feet to elevation 
600 feet NGVD to provide three feet of 
freeboard under 100-year flood conditions. 
The recommended plan for this reach is 
shown on Map 153. 

2. City of Milwaukee from IH 94 to W. Michi
gan Street Extended: As shown on 
Map 153, it is recommended that 74 struc
tures be floodproofed and one structure be 
elevated along the east bank in this reach. 
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Table 117 

COST ESTIMATE SUMMARY FOR RECOMMENDED PLANS FOR THE MENOMONEE RIVER AND TRIBUTARIES 

Costs Benefit-Cost Analysis 

Annual Annual 
Benefits Economic 

Recommended Plan Total Minus Benefit- Ratio 

Amonized Operation and Annual Annual Cost Greater 
Stream Reach Name Description Capital Capitala Maintenance Total Benefits Costs Ratio than One 

Lower City of Milwaukee Dike and flood- Raise floodwall $ 150,000 $ 15,000 $ --b $ 15,000 $ --c $ -- -- --
Menomonee from 27th Street wall raises Raise dike 90,000 
River Viaduct to IH 94 

Subtotal $ 240,000 

City of Milwaukee Structure flood- Floodproof 74 $ 340,000 $ 23,000 $ 0 $ 23,000 $ 3,100 $ -19,900 0_13 No 
from IH 94 to proofing and structures 
W. Michigan elevation Elevate one 30,000 
Street extended structure 

Subtotal $ 370,000 

N. 43rd Street Channel modi- 2.31 miles of $ 4,948,000 $380,000 $ 6,000 $386,000 $129,000 $-257,000 0.33 No 
extended in the fication, dikes, channel deep-
City of Milwaukee structure ening includ-
through Glenview flood proofing in9, bridge 
Avenue extended and elevation foundation 
in the City of modificaion 
Wauwatosa 2,260 feet of 116,000 

earthen dike 
Floodproof 23 637,000 
structures in 

Milwaukee and 
11 structures in 
Wauwatosa. 
Elevate one 
structure in 
Milwaukee 

Storm sewers 170,000 
Bridge removal 117,000 
and replacement 

Subtotal $ 5,988,000 

City of Wauwatosa Structure Floodproof four $ 29,000 $ 1,800 $ 0 $ 1,800 $ 900 $ -900 0.50 No 
from Harwood floodproofing structures 
Avenue through 
W. Capitol Drive 

Subtotal $ 29,000 

Upper Village of Meno- Structure Floodproof eight $ 42,000 $ 4,700 $ 0 $ 4,700 $ 2,400 $ -2,300 0.51 No 
Menomonee monee Falls at floodproofing structures 
River River Mile 14.74 Elevate one 32,000 

and from River structure 
Mile 19.42 to 
19.94 

Subtotal $ 74,000 

Village of Meno- Channel Channel widen- $ 384,000 $ 35,000 $ 2,000 $ 37,000 $ 10,ooOd $ -27,000 0.27 No 
monee Falls from modification ing and 
Roosevelt Drive deepening 
through Erika Bridge removal 175,000 
Road extended and replacement 

Subtotal $ 559,000 

Village of German- Structure Floodproof one $ 5,000 $ 2,200 $ 0 $ 2,200 $ 200 $ -2,000 0.09 No 
town at River floodproofing structure 
Miles 23.48, and elevationS Elevate one 30,000 
24.19, and 24.33 structure 

Subtotal $ 35,000 

Structure Floodproof one $ 5,000 $ 4,300 $ 0 $ 4,300 $ 1,400 $ -2,900 0.33 No 
floodproofing structure 
and elevationf Elevate two 63,000 

structures 

Subtotal $ 68,000 

626 



Table 117 (continued) 

Costs Benefit·Cost Analysis 

Annual Annual 
Benefits Economic 

Recommended Plan Total Minus Benefit· Ratio 

Amortized Operation and Annual Annual Cost Greater 
Stream Reach Name Description Capital Capitala Maintenance Total Benefits Costs Ratio than One 

Woods .. Construction of l,500·foot·long, $ 981,000 $ 62,000 $ 0 $ 62,000 $ •• g $ •• g •• g •• g 

Creek relief culvert 10·foot·wide by 
5·foot·high con· 
crete box culvert 

Subtotal $ 981,000 

Honey City of Wauwatosa Structure Floodproof one $ 50,000 $ 3,200 $ 0 $ 3,200 $ 2,200 $ ·1,000 0.69 No 
Creek at River Mile 0.85 floodproofin9 structure 

Subtotal $ 50,000 

City of Greenfield Channel modi· 1.17 miles of $ 800,000 $ 81,000 $12,000 $ 93,000 $ 900 $ ·92,100 O.Olh Noh 
from IH 894 fic8tion, deten· channel widen-
through the S. tion storage. ing, deepening, 
43rd Street storm and bridge and realignment 
sewer outfall removal and Bridge removal 172,000 

replacement and replacement 
12.5·acre·foot 310,000 
detention basin 
construction 

Subtotal $ 1,282,000 

Underwood Underwood Creek Stormwater 50·acre·foot $ 672,000 $110,000 $20,000 $130,000 $166,000 $ 36,000 1.28 Yes 
Creek and from Milwaukee· detention, detention basin 
Dousman Waukesha County structure and 280·acre· 
Ditch line to its can· flood proofing foot detention 

fluence with and elevation basin 
Dousman Ditch Floodproof 38 970,000 
and Dousman structures 
Ditch from its Elevate three 94,000 
mouth to Wiseon- structures 
sin Avenue storm 
sewer outlet 

Subtotal $ 1,736,000 

South .. .. .. .. .. . . .. .. .. .. .. 
Branch of 
Underwood 
Creeki 

Little River Miles 3.80, Structure Floodproof three $ 14,000 $ 900 $ 0 $ 900 $ 1,600 $ 700 1.78 Yes 
Menomonee 6.90, and 6.93 floodproofing structures 
River 

Subtotal $ 14,000 

Butler W. Lisbon Road to Minor channel 0.6 mile of $ 60,000 $ 4,000 $ oi $ 4,000 $ •• g $ •• g •• 9 •• g 

Ditch Dolphin Drive modification minor channel 
storm sewer widening and 
outlet and deepening 

Subtotal $ 60,000 

Total $11.418,ooOe $722,8ooe $40,000 $762,8ooe $ .. $ .. .. . . 

a Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

b No increase over existing operation and maintenance cost. 

c Same approximate level of flood protection. Structures raised to provide three feet of freeboard. 

dlnc/udes flood damage reduction at three upstream buildings in the Village of Germantown. 

e Assuming recommended channel modifications are implemented in the Village of Menomonee Falls. 

f Assuming recommended channel modifications are not implemented in the Village of Menomonee Falls. 

9 Benefits due to abatement of secondary /loading and street or highway flooding. Such benefits are not typically accounted for in benefit~cost ratio calculations. 

hBenefits primarily due to abatement of secondary flooding through the proviSion of adequate storm sewer outlets. Secondary flooding benefits are not typically accounted for 
in benefit-cost ratio calculations. 

i No structure flood damages expected. 

i Natural channel permitted to develop. 

Source: SEWRPC. 
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Table 118 

SUMMARY OF RECOMMENDED PLAN CAPITAL COSTS 
BY AGENCY FOR THE MENOMONEE RIVER AND TRIBUTARIES 

Estimated 
Implementing Flood Control Capital 

Agency Stream Reach Measures Cost 

Milwaukee Lower City of Milwaukee from 27th Raise floodwall $ 150,000 
Metropolitan Menomonee Street Viaduct to IH 94 Raise dike 90,000 
Sewerage River 
District Subtotal $ 240,000 

N. 43rd Street extended in 2.31 miles of $ 4,948,000 
the City of Milwaukee channel deepen-
through Glenview Avenue ing including 
extended in the City of bridge founda-
Wauwatosa tion modification 

2,260 feet of 116,000 
earthen dike 

Private bridge 117,000 
removal and 
replacement 

Subtotal $ 5,181,000 

Woods Creek - - 1,500-foot-long, $ 981,000 
1 O-foot-wide by 
5-foot-high con-
crete box culvert 

Subtotal $ 981,000 

Honey Creek City of Greenfield 0.95 mile of chan- $ 590,000 
from W. Layton Avenue nel widening, 
through S. 43rd deepening, and 
Street storm sewer realignment 
outfall Bridge removal 15,000 

Detention basin 310,000a 
construction 

Subtotal $ 915,000 

Milwaukee Metropolitan Sewerage District Total Capital Cost $ 7,317,000b,c 

Milwaukee County Honey Creek City of Greenfield 0.22 mile of chan- $ 210,000 
from IH 894 through nel widening, 
W. Layton Avenue deepening, and 

realignment 
Bridge replacement 157,000 

Milwaukee County Total Capital Cost $ 367,000 

City of Wauwatosa Lower N. 60th Street extended Stormwater pump- $ 170,000 
Menomonee through Glenview Avenue ing station and 
River extended stormwater 

drainage facilities 

City of Wauwatosa Total Capital Cost $ 170,000 
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Table 118 (continued) 

Estimated 
Implementing Flood Control Capital 

Agency Stream Reach Measures Cost 

City of Brookfield Underwood Underwood Creek from 50-a cre-foot $ 168,000d 
Creek and Milwaukee-Waukesha detention basin 
Dousman County line to its con- and 280-acre-feet 
Ditch fluence with Dousman detention basin 

Ditch and Dousman Ditch 
from its mouth to Wiscon-
sin Avenue storm sewer 
outlet 

City of Brookfield Total Capital Cost $ 168,000e 

Village of Underwood Underwood Creek from 50-acre-foot $ 504,000d 
Elm Grove Creek and Milwaukee-Waukesha detention basin 

Dousman County line to its con- and 280-acre-feet 
Ditch fluence with Dousman detention basin 

Ditch and Dousman Ditch 
from its mouth to Wiscon-
sin Avenue storm sewer 
outlet 

Village of Elm Grove Total Capital Cost $ 504,000e 

Village of Upper Roosevelt Drive through Channel widening $ 384,000 
Menomonee Falls Menomonee Erika Road extended and deepening 

River Bridge removal 175,000 
and replacement 

Subtotal $ 559,000 

Butler Ditch W. Lisbon Road to Dolphin 0.6 mile of minor $ 60,000 
Drive storm sewer outlet channel widening 

and deepening 

Subtotal $ 60,000 

Village of Menomonee Falls Total Capital Cost $ 619,000e 

Various Private Lower City of Milwaukee from Floodproof 74 $ 340,000 
Property Owners Menomonee IH 94 to W. Michigan structures 

River Street extended Elevate one 30,000 
structure 

Subtotal $ 370,000 

N. 43rd Street extended Floodproof 23 $ 637,000 
in the City of Milwuakee structures in the 
through Glenview Avenue City of Milwaukee 
extended in the City of and 11 structures 
Wauwatosa in Wauwatosa. 

Elevate one struc-
ture in Milwaukee 

Subtotal $ 637,000 
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Table 1 1 8 (continued) 

Estimated 
Implementing Flood Control Capital 

Agency Stream Reach Measures Cost 

Various Private City of Wauwatosa from Floodproof four $ 29,000 
Property Owners Harwood Avenue through structures 
(continued) W. Capitol Drive 

Subtotal $ 29,000 

Honey Creek City of Wauwatosa at Floodproof one $ 50,000 
River Mile 0.85 structure 

Subtotal $ 50,000 

Underwood Milwaukee-Waukesha Floodproof 38 $ 970,000 
Creek County line to the con- structures 

fluence with Dousman Elevate three 94,000 
Ditch structures 

Subtotal $ 1,064,000 

Little City of Milwaukee at River Floodproof three $ 14,000 
Menomonee Miles 3.80, 6.90, and 6.93 structures 
River 

Subtotal $ 14,000 

Upper Village of Menomonee Falls Floodproof eight $42,000 
Menomonee at River Mile 14.74 and structures 
River and from River Mile 19.42 Elevate one 32,000 

to 19.94 structure 

Subtotal $ 74,000 

Village of Germantown at Floodproof one $ 5,000 
River Miles 23.48, 24.19, structuref 

and 24.33 Elevate one 30,000 
structuref 

Subtotal $ 35,000 

Floodproof one $ 5,000 
structure9 

Elevate two 63,000 
structuresg 

Subtotal $ 68,000 

Private Property Owners Total Capital Cost $ 2,273,000f 

Total Project Cost $11 A18,000f 
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Table 118 (continued) 

aCost does not include specific consideration of added facility requirements associated with water quality and recreation 
benefits. 

bCost would be increased by approximately $672,000 if District boundaries were extended into affected areas of the 
City of Brookfield and the Village of Elm Grove. 

cCost would be increased by approximately $619,000 if District boundaries were extended into affected areas of the 
Village of Menomonee Falls. 

dCost of recommended detention basin assigned in proportion to the flood damage mitigation benefits derived by the 
City of Brookfield and the Village of Elm Grove. 

eCost is recommended to be borne by the Milwaukee Metropolitan Sewerage District if District boundaries are expanded 
to include these areas. 

fAssuming recommended channel modifications are implemented in the Village of Menomonee Falls. 

gAssuming recommended channel modifications are not implemented in the Village of Menomonee Falls. 

Source: SEWRPC. 

3. City of Milwaukee from W. Michigan 
Street Extended at River Mile 3.97 through 
the Soo Line Railroad Bridge at River 
Mile 4.24: No flood control improvements 
are recommended for this reach. 

4. N. 43rd Street at River Mile 4.33 in the City 
of Milwaukee through Glenview A venue 
Extended at River Mile 6.88 in the City of 
Wauwatosa: As shown on Map 156, the 
recommended flood control plan for this 
reach consists of a combination of channel 
modification, dike construction, and struc
ture floodproofing and elevation. Channel 
deepening is recommended for the 2.24-
mile-long reach from the pedestrian bridge 
upstream of Hart Park in Wauwatosa 
through the existing drop structure at 
N.45th Street in Milwaukee. The channel 
modifications call for lowering the existing 
streambed about nine feet at N. 70th Street 
and about five feet at N. 45th Street. Based 
on soil and rock borings taken for the 
Metropolitan Sewerage District's deep 
tunnel project, it is expected the modified 
channel would have to be constructed 
partially in rock for about one mile of its 
total length. 

The recommended modified channel would 
not cause significant disturbance of the 
existing streambanks and the existing 

trees and vegetation along the banks 
would essentially be retained. The modi
fied channel would consist of a low-flow 
channel and a flood control channel as 
shown on Map 156. The three-foot-deep, 
riprap-lined trapezoidal low-flow channel 
would have a four-foot bottom width and 
one vertical on 2.5 horizontal side slopes. 
The two- to six-foot-deep flood control 
channel would have stepped sidewalls 
constructed of bedrock, rock gabions, or 
limestone blocks at an approximate aver
age side slope of 0.5 horizontal on one 
vertical. The channel bottom width, includ
ing the low-flow channel, would be about 
51 feet. The existing cobbles, boulders, and 
rock slabs in the streambed would be saved 
during excavation and used to line the 
flood control channel bed in those reaches 
where the channel is constructed in allu
vial material. 

Beginning about 350 feet upstream from 
N. 70th Street, and extending for 770 feet, 
the flood control channel bottom width 
would narrow from 51 feet to 19 feet. The 
low-flow channel in that reach would have 
the same shape and dimensions as in the 
downstream reach. The 19-foot-wide flood 
control channel bottom would be main
tained for the next 360 feet of river channel 
and would then transition to the existing 
river channel section over the next 
1,480 feet. 

631 



632 

There are existing limestone retaining 
walls along the streambanks in several 
sections of the reach for which channel 
modifications are proposed. The modified 
channel sidewalls would be constructed 
adjacent to, and below, those existing 
walls. A structural analysis of the existing 
walls should be performed preceding imple
mentation of the recommended improve
ments, and any necessary repairs should 
be made prior to or as part of the channel 
modification. Also, during the final design, 
consideration should be given to providing 
erosion protection for the existing stream
banks above the recommended modified 
channel. Such protection would only need 
to be considered in reaches where there are 
no existing limestone walls or where these 
walls are not structurally adequate. 

The recommended channel work would 
necessitate the modification of the existing 
foundations of the N. 68th Street bridge. 
Some modification of the N. 70th Street 
bridge foundation might also be required. 
The private bridge at River Mile 4.84 would 
have to be replaced. 

An approximately 1,450-foot-Iong earthen 
dike would be constructed along the north 
bank of the River adjacent to an industrial 
area located downstream from N. 68th 
Street at Jacobus Park. The dike would 
have a maximum height of about eight feet 
to provide three feet offreeboard and would 
improve riparian aesthetics by screening 
the industrial area from the view of an 
observer standing near stream level in 
Jacobus Park. The dike crest elevation 
would range from about 637 feet NGVD at 
its downstream end to about 641 feet 
NGVD at its upstream end. In the facilities 
design stage, it is recommended that the 
dike be aligned so that mature trees along 
the bank are preserved to the maximum 
extent possible. The dike and modified 
channel in the reach along Jacobus Park 
would be aligned to avoid any disturbance 
of the south streambank in order to pre
serve the rare and valuable plant species 
which have been identified along the bank. 
The recommended channel modifications 
would remove approximately 50 buildings 
from the 100-year floodplain in the Cities of 
Milwaukee and Wauwatosa along the reach 
from N. 68th Street to N. 45th Street. 

However, approximately 56 buildings 
would remain in the floodplain without 
construction of the recommended dike. 
Construction of the dike along this reach 
would remove 27 of those buildings, leaving 
23 to be floodproofed and one to be elevated 
in the City of Milwaukee, and five to be 
floodproofed in the City of Wauwatosa. 

Local runoff from the area bounded by 
N.68th Street on the west, the Soo Line 
(formerly Chicago, Milwaukee, St. Paul & 
Pacific Railroad) railway embankment on 
the north, N. 60th Street extended on the 
east, and the recommended dike on the 
south would be collected on the landward 
side of the dike, and conveyed to the 
existing storm sewer in N. 63rd Street 
extended. The storm sewer outlet would be 
replaced with a larger 66-inch-diameter 
pipe. Five buildings north of the dike 
would remain in the lOa-year floodplain. It 
is recommended that those buildings be 
flood proofed. 

The recommended channel modifications 
would remove approximately 98 buildings 
from the lOa-year floodplain in the reach 
from N. 68th Street through Hart Park. 
However, three buildings, including the 
Park Administration and Athletic Build
ing and the Muellner Building in Hart 
Park and one residence would remain in 
the floodplain. 

It is recommended that an 810-foot-Iong, 
two- to five-foot-high dike be constructed 
along the east bank adjacent to Hart Park 
in Wauwatosa. Construction of the dike 
would remove the Park Administration 
and Athletic Building and the Muellner 
Building from the floodplain, leaving only 
one residence to be floodproofed. The dike 
crest elevation would range from about 649 
feet NGVD at its downstream end to 655 
feet NGVD at its upstream end. 

To accommodate the recommended Meno
monee River streambed elevation without 
providing drop structures along Honey 
Creek, it would be necessary to lower the 
Honey Creek streambed by up to seven feet 
in the 0.17-mile-Iong reach between the 
Honey Creek Parkway bridge and its 
confluence with the Menomonee River. It is 
recommended that the Honey Creek 



streambed be lowered by constructing a 
channel below the existing streambed and 
within the existing banks. As shown on 
Map 170, that could be accomplished with 
a trapezoidal channel, having a four-foot
wide bottom and average side slopes of 0.7 
horizontal to one vertical. The stepped 
channel sidewalls would be constructed of 
rock gabions or limestone block, in a 
manner similar to those recommended for 
the Menomonee River. 

Floodproofing of two commercial buildings 
and three industrial buildings located 
upstream of Hart Park in the vicinity of 
Harwood Avenue and the Harmonee A ve
nue Bridge is also recommended. 

In summary, following channel modifica
tion and dike construction, residual struc
tural damages could be eliminated during 
floods up to a 100-year recurrence interval 
under planned land use conditions by 
floodproofing 23 structures in the City of 
Milwaukee and 11 structures in the City of 
Wauwatosa, and by elevating one structure 
in the City of Milwaukee. 

5. City of Wauwatosa from Glenview Avenue 
Extended through W. Capitol Drive: As 
shown on Map 157, the recommended flood 
control plan consists of the flood proofing 
of four structures along the east bank of 
the River from N. 97th Street through 
W. Ridge Boulevard. 

6. City of Wauwatosa and the City of Milwau
kee from W. Capitol Drive to the Conflu
ence with the Little Menomonee River at 
River Mile 12.52: No flood control improve
ments are recommended for this reach. 

Upper Menomonee River 
The Upper Menomonee River reach extends from 
its confluence with the Little Menomonee River 
at River Mile 12.52 to the upstream end of the 
stream at River Mile 29.37. The policy plan 
companion to this system plan recommends that 
5.9 miles of the Upper Menomonee River which 
are located within the current district limits be 
included under district jurisdiction. This reach 
extends from the confluence with the Little 
Menomonee River to the crossing of the 
Milwaukee-Waukesha County line just south of 
USH 45. An additional upstream 8.8 miles of the 
Menomonee River, extending from the Mil-

waukee-Waukesha County line through the 
Washington-Waukesha County line to STH 145 
at River Mile 27.3, is located outside of the 
current district limits, but in an area identified 
in the policy plan as within possible future 
district limits. That reach was also found to meet 
the criteria for district jurisdiction. The plan 
recommendations for each subreach are a 
follows: 

1. Menomonee River from the Confluence 
with the Little Menomonee River to River 
Mile through River Mile 14.73: No flood 
control improvements are recommended 
for this reach. 

2. Menomonee River at River Mile 14.74: 
As shown on Map 158, it is recommended 
that one building at this location be 
flood proofed. 

3. Menomonee River from River Mile 14.75 
through River Mile 19.41: No flood control 
improvements are recommended for this 
reach. 

4. Menomonee River from River Mile 19.42 
through 19.94: As shown on Map 159, it is 
recommended that seven buildings in this 
reach be floodproofed and that one build
ing be elevated. 

5. Menomonee River from River Mile 19.95 
through River Mile 22.01: No flood control 
improvements are recommended for this 
reach. 

6. Menomonee River from River Mile 22.02 
Just Downstream of Roosevelt Drive 
through River Mile 22.96 at Erika Road 
Extended: Channel modification is called 
for in a 0.94-mile-Iong reach from River 
Mile 22.02, just downstream of Roosevelt 
Drive, to River Mile 22.96 at Erika Road 
extended. As shown on Map 161, in that 
reach there are two existing storm sewer 
outfalls, the inverts of which are located 
below the existing streambed; and there is 
one proposed outfall which would be sub
merged due to an adverse slope on the 
streambed which creates a ponded condi
tion in this stream reach. There are also 
approximately 15 buildings along this 
reach which are located in the 100-year 
recurrence interval flood hazard area 
under planned land use and existing chan-
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nel conditions. Those buildings would be 
removed from the flood hazard area follow
ing construction of the recommended chan
nel modifications. One building at River 
Mile 23.48 in the Village of Germantown 
just north of the Washington-Waukesha 
County line would also be removed from 
the lOa-year flood hazard area due to 
reductions in the flood stage resulting from 
construction of the recommended channel 
modifications. 

The channel modification recommended 
for the reach would accomplish the dual 
purpose of abating flood damages and 
providing adequate outlets for the existing 
and proposed storm sewers. As shown on 
Figure 73, it is recommended that the 
streambed be lowered a maximum of about 
four feet. As shown on Map 160, the 
widened and deepened channel section 
would have a lo5-foot-deep, turf-lined low
flow channel with one vertical on two 
horizontal side slopes and a five-foot 
bottom width. The flood control channel 
would be constructed so as to only signifi
cantly disturb the left bank, viewed in the 
downstream direction. From River Mile 
22.02 through the Roosevelt Drive bridge to 
River Mile 22.08, only minimal modifica
tion to the channel would be necessary to 
bring the bed to the desired grade. The 
Roosevelt Drive bridge would not require 
modification. Upstream from River Mile 
22.08 through River Mile 22.37, the turf
lined flood control channel would have a 
25-foot bottom width, the left bank side 
slope would be one vertical on three hori
zontal, and the existing right bank side 
slope would be retained with some rela
tively minor regrading required. Upstream 
from River Mile 22.37, the flood control 
channel would have the same characteris
tics, but the bottom width would be nar
rowed to 20 feet. According to information 
provided by the Village, there may be 
bedrock near the elevation of the existing 
streambed downstream from River Mile 
22.44. Therefore, the modified channel in 
that reach may have to be at least par
tially constructed in rock. 

The existing private bridge providing 
access to the River Court Shopping Center 
would be replaced with a new structure 

spanning the modified channel and provid
ing no significant impediment to the 
conveyance of flood flows. 

The possibility of the removal of the 
Menomonee Falls dam at River Mile 21.90 
has been considered by the Village in 
preliminary planning for the riverfront 
area in the vicinity of the dam. No decision 
on whether or not to remove the dam has 
been made as yet, however, the possibility 
of removal was considered in analyzing 
the proposed channel modification. It was 
found that removal of the dam would 
reduce the lOa-year recurrence interval 
flood stage under planned land use condi
tions by approximately 10.6 feet at the site 
of the dam. The stage reduction would be 
decreased to about 0.1 foot 1,500 feet 
upstream of the dam site. Because of the 
limited upstream extent of the reduced 
stages, it is concluded that removal of the 
dam would have no significant impact on 
the recommended channel modifications. 

7. Menomonee River from River Mile 22.97 
through River Mile 23.43 at the Wash
ington-Waukesha County Line: No flood 
control improvements are recommended 
for this reach. 

8. Menomonee River In the Village of Ger
mantown Upstream of River Mile 23.43: As 
shown on Map 162, if the recommended 
channel modifications are implemented in 
the Village of Menomonee Falls, it is 
recommended that one structure in the 
Village of Germantown at River Mile 24.19 
be floodproofed and one at River Mile 24.33 
be elevated. If the recommended channel 
modifications in Menomonee Falls are not 
implemented, it is recommended that one 
structure in Germantown at River Mile 
23.48 be flood proofed . and that two struc
tures, one at River Mile 24.19 and one at 
24.33, be elevated. 

Woods Creek 
The entire lol-mile perennial stream length of 
Woods Creek is recommended for District juris
diction in the policy plan companion to this 
system plan. No structural flood damages are 
expected to be incurred due to flooding along 
Woods Creek for floods up to and including the 
lOa-year recurrence interval event. Flooding of 



portions of the County Stadium parking lot and 
the Stadium Freeway (USH 41), however, may 
be expected due to the inadequate hydraulic 
capacity of a series of culverts which currently 
convey Woods Creek from the Soo Line (former 
Chicago, Milwaukee, St. Paul & Pacific Rail
road) railway at River Mile 0.27 to the Menomo
nee River. This lack of capacity results in 
surcharging of storm sewers both within the 
parking lot and along the Stadium Freeway, as 
well as flooding from direct overland flow. 

As shown on Map 164, in order to alleviate 
flooding of the Freeway and the Stadium park
ing lot, it is recommended that a 1,500-foot-Iong, 
10-foot-wide by 5-foot-high reinforced concrete 
box relief culvert be installed parallel to the 
existing culverts running from the Soo Line 
railway to the Menomonee River. 

Honey Creek 
The entire 8.8-mile-Iong reach of Honey Creek is 
recommended for District jurisdiction. The plan 
recommendations for each subreach are as 
follows: 

1. City of Wauwatosa from the Mouth of 
Honey Creek through W. Wisconsin Ave
nue: As shown on Map 170, it is recom
mended that one building located at River 
Mile 0.85 be floodproofed. 

As recommended in the flood control plan 
for the main stem ofthe Menomonee River, 
channel modifications along Honey Creek 
from its mouth to the Honey Creek Park
way bridge at River Mile 0.17 would be 
required for the Honey Creek streambed 
grade to match the lowered Menomonee 
River streambed grade. Those modifica
tions are discussed in the preceding section 
setting forth the recommendations for the 
Menomonee River. 

2. Cities of Milwaukee and Wauwatosa from 
W. Wisconsin Avenue to the Channel 
Enclosure Outlet at the East-West Freeway 
(IH 94) at River Mile 1.99: No flood control 
improvements are recommended in this 
reach. 

3. Cities of Milwaukee and West Allis Along 
the Channel Enclosure from River Mile 
1.99 through 4.32 in the City of West Allis: 
No flood control improvements are recom
mended in this reach. 

It is recommended that any future storm 
sewer improvements undertaken by the 
City of West Allis for the purpose of 

. alleviating local stormwater drainage 
problems in the Honey Creek subwa
tershed be designed so as to limit the 
increase in the total peak discharge in the 
channel enclosure, in the aggregate, to 
about 150 cfs. This limitation may allow 
for an increase in individual storm sewer 
capacities of more than 150 cfs if it is 
determined that the timing of the peak 
flow from an individual storm sewer rela
tive to the timing of the peak flow in the 
enclosure is such that the storm sewer 
peak would occur before or after the peak 
in the enclosure. 

4. Cities of Greenfield, Milwaukee, and West 
Allis from River Mile 4.32 through IH 894 
at River Mile 7.55: The entire length of the 
stream channel in this reach has been 
modified under the earlier District flood 
control program. No additional flood con
trol improvements are recommended in 
this reach. 

5. City of Greenfield from IH 894 at River 
Mile 7.55 through the S. 43rd Street Storm 
Sewer Outfall at River Mile 8.83: As shown 
on Map 172, the refined flood control and 
related drainage system plan for Honey 
Creek along the reach from IH 894 to 
S. 43rd Street consists of modification and 
realignment of about 1.28 miles of stream, 
resulting in a total reach length of 1.17 
miles under planned conditions. 

As shown on Figure 82, it is recommended 
that the streambed be lowered a maximum 
of about seven feet. As shown on Map 172, 
downstream of W. Layton Avenue the 
widened and deepened channel section 
would have a one-foot-deep, three-foot
wide, turf-lined low-flow channel; and a 
turf-lined flood control channel with an 
eight-foot bottom width, side slopes of one 
vertical on three horizontal for the lower 
five feet and side slopes of one vertical on 
about 3.5 horizontal up to the existing 
grade. Upstream of W. Layton Avenue the 
modified channel section would have a 
one-foot-deep, three-foot-wide, turf-lined 
low-flow channel; and a turf-lined flood 
control channel with an eight-foot bottom 
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width, side slopes of one vertical on two 
horizontal for the lower three feet and side 
slopes of one vertical on about 3.5 horizon
tal up to the existing grade. The modified 
channel cross-section in this reach is 
shown on Map 172. 

Due to right-of-way restrictions along the 
north bank on the downstream side of 
S. Loomis Road, it will be necessary to 
provide a vertical wall along that bank for 
about 80 feet downstream of the roadway. 
In the reaches upstream of W. Layton 
Avenue, the channel is located either in 
city or county park land or in a l20-foot
wide drainage easement. In order to 
improve the appearance of this reach and 
complement the park and residential set
ting through which the Creek flows, it is 
recommended that the detailed design for 
this reach consider the provision of some 
meander and variability in the low-flow 
section of the proposed channel. 

Hydrologic simulation modeling conducted 
under this system planning effort indicates 
that the channelization project would 
create unacceptably high increases in 
downstream 100-year recurrence interval 
flood flows without the provision of deten
tion storage in the reach containing the 
modification. Therefore, the plan recom
mends the provision of 48 acre-feet of 
detention storage upstream of W. Layton 
Avenue. That total amount of storage 
would be provided in the modified channel 
and a supplementary l2.5-acre-foot deten
tion basin in the northeast one-quarter of 
U. S. Public Land Survey Section 26, 
Township 6 North, Range 21 East at the 
location shown on Map 172. The total 
detention basin area, including a buffer 
strip around its perimeter, would be about 
7.5 acres. The maximum flood control pool 
elevation would be about 755.6 feet NGVD 
during a 100-year recurrence interval flood 
under planned land use and channel con
ditions. The existing W. Layton Avenue 
bridge would be replaced with a new 
10-foot-wide by 8-foot-high reinforced con
crete box culvert, rather than the 10-foot
wide by 10-foot-high box culvert initially 
proposed by the County. This reduction in 
culvert size is recommended to provide 

storage in the upstream channel and 
detention basin. The proposed detention 
basin could be constructed with a perma
nent pond which would trap pollutants in 
stormwater runoff, providing water quality 
benefits as well as flood control benefits 
along Honey Creek. In addition, the pond 
could be designed for other recreational 
uses, such as ice skating. 

It is recommended that the existing construction 
access bridge at River Mile 8.11 and the old 
Loomis Road bridge at River Mile 8.55 be 
removed and not replaced. 

Underwood Creek and Dousman Ditch 
Underwood Creek has a total length of 8.1 miles, 
2.6 of which are located in the City of Wauwa
tosa within the current District limits and are 
recommended for District jurisdiction in the 
policy plan companion to this system plan. 
Dousman Ditch is a tributary to Underwood 
Creek, with a total length of about 2.5 miles. The 
portion of Underwood Creek in the City of 
Brookfield and the Village of Elm Grove and all 
of Dousman Ditch, both of which are located 
outside the current District limits but within an 
area defined in the policy plan as within possible 
future District limits, were found to meet the 
criteria for District jurisdiction. These additional 
reaches were accordingly included in the system 
planning effort. 

1. Underwood Creek in the City of Wauwa
tosa from Its Confluence with the Menomo
nee River to the Milwaukee-Waukesha 
County Line: The entire length of the 
stream channel in this reach has been 
modified under the District flood control 
program. No additional flood control 
improvements are recommended in this 
reach. 

2. Underwood Creek in the City of Brookfield 
and the Village of Elm Grove from the 
Milwaukee-Waukesha County Line to Its 
Confluence with Dousman Ditch; Dous
man Ditch from Its Mouth to the Wiscon
sin Avenue Storm Sewer Outlet: The 
recommended flood control plan for Under
wood Creek and Dousman Ditch is shown 
on Map 177 and includes the construction 
of two storm water detention basins along 
Dousman Ditch upstream of N. Gebhardt 
Road as well as structure floodproofing 



and elevation along Underwood Creek in 
the City of Brookfield and the Village of 
Elm Grove. 

The lower, or northern, detention basin 
would be located in the southeast one
quarter of U. S. Public Land Survey Sec
tion 22, Township 7 North, Range 20 East, 
with its outlet located immediately 
upstream of the proposed extension of 
W. Choctaw Trail, about 600 feet upstream 
of N. Gebhardt Road. This basin would 
cover an area of about 54 acres and would 
have a design capacity of about 50 acre
feet at a pool elevation of 825.2 feet above 
NGVD. The outlet control structure would 
be created by constructing about 330 feet 
of earthen dike beginning at N. Pilgrim 
Parkway and extending west across the 
channel. This dike would range in height 
from one to five feet and have side slopes 
of one vertical on three horizontal. 

Outflow from the basin would be handled 
by an l8-inch-diameter reinforced concrete 
pipe placed in this dike at the existing 
channel invert. This pipe would restrict 
outflow from the basin during larger storm 
events but would allow for subsequent 
drainage of the basin as well as the 
conveyance of flows along Dousman Ditch 
during periods of low flow. The top of the 
dike would be at the design pool elevation 
of 825.2 feet NGVD and would act as an 
emergency spillway for stormwater runoff 
in excess of 50 acre-feet. Although no 
inundation of N. Pilgrim Parkway is 
expected at the design pool elevation, there 
are two low points along the roadway 
where there would be only about 0.3 foot 
of freeboard. Thus, it may be desirable to 
raise those portions of N. Pilgrim ParkV\fay 
in order to provide for greater freeboard.: 

The upper, or southern, detention basin 
would be located in the north one-half of 
U. S. Public Land Survey Section 27, 
Township 7 North, Range 20 East, between 
N. Pilgrim Parkway and N. Calhoun Road. 
This basin would cover an area of about 
110 acres and would have a design capac
ity of about 280 acre-feet at a pool eleva
tion of 830.2 feet above NGVD. It would be 
created by constructing about 3,700 feet of 

earthen dikes ranging in height from one 
to seven feet with side slopes of one 
vertical on three horizontal. The outlet 
from the basin would consist of an l8-inch
diameter reinforced concrete pipe located 
at River Mile 1.36, or about 500 feet 
upstream of the private drive at the 
Dousman-Dunkel Inn. An emergency spill
way at the design pool elevation of 830.2 
feet NGVD would be constructed at this 
location to handle stormwater runoff in 
excess of 280 acre-feet. About 1,300 feet of 
N. Pilgrim Parkway would be raised an 
average of 1.5 feet in order to prevent 
overtopping at the design pool elevation 
and to provide a minimum freeboard of 
two feet. 

No stormwater pumping facilities would be 
required for either of these two basins. 
Drainage to the basins would be accom
plished by gravity flow along existing 
drainageways. By leaving these drainage
ways open, some inundation of currently 
developed land, but not buildings, would 
occur. A total of 10 properties would be 
affected along the lower· basin, although 
the design pool elevation is about 0.8 foot 
below the 100-year recurrence interval 
flood level under planned land use and 
existing channel conditions along these 
properties. A total of four properties would 
be affected along the upper detention 
basin. The design pool elevation would be 
about 2.5 feet above the lOO-year flood level 
under planned land use and existing chan
nel conditions at these properties. At those 
locations where the 100-year flood level 
would be increased due to construction of 
the detention basin, it may be necessary to 
obtain flood easements from the property 
owners affected. 

Construction of the two detention basins 
would reduce from about 76 to about 41 the 
number of structures expected to incur 
direct flood damages under a 100-year 
recurrence interval flood along Underwood 
Creek. Although 41 structures would still 
be expected to incur flood damages under 
a 100-year recurrence interval flood, the 
flood damages would be significantly less 
than would be expected under existing 
conditions. Thirty-eight of these 41 struc-
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tures would have to be floodproofed and 
three would have to be elevated. No struc
tures would have to be removed. 

3. Underwood Creek Upstream of Its Conflu
ence with Dousman Ditch: No flood control 
improvements are recommended in this 
reach. 

Little Menomonee River 
The lower 7.0 miles of the total 10.2-mile length 
of the Little Menomonee River are recommended 
for District jurisdiction in the policy plan 
companion to this system plan. That lower reach 
lies entirely within the City of Milwaukee. The 
remainder of the stream lies in an area not 
within the current District limits or planned 
future District limits. 

To insure adequate functioning of the existing 
storm sewers which serve areas of existing as 
well as planned development in the City of 
Milwaukee, it is recommended that the Little 
Menomonee River streambed be lowered to 
accommodate 13 existing storm sewer outfalls. 
Many of the existing channels conveying flow 
from those outfalls to the River are presently 
constructed without a bed slope, or with a very 
flat bed slope, causing sediment to collect and 
restrict the outfalls. In addition, because the pipe 
invert elevations at the outfalls are below grade, 
the outfall pipes are constructed with a reverse 
slope, which causes sediment to accumulate in 
the storm sewers, reducing the hydraulic capac
ity of the sewers. 

The flood control plan recommendations for 
each reach of the Little Menomonee River are as 
follows: 

1. Confluence with the Menomonee River to 
River Mile 3.79 Just Upstream of N. Gran
ville Road: No flood control improvements 
are recommended in this reach. 

2. River Mile 3.80: As shown on Map 183, it 
is recommended that one building at this 
location be floodproofed. 

3. River Mile 3.81 through River Mile 6.89 Just 
Downstream of the Milwaukee-Ozaukee 
County Line: No flood control improve
ments are recommended in this reach. 

4. River Mile 6.90 through 6.93: As shown on 
Map 183, it is recommended that two 
buildings in this reach be floodproofed. 
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As set forth in the Menomonee River watershed 
study, field reconnaissance sampling and labora
tory analyses conducted in 1971 concluded that 
the Little Menomonee River bottom sediments 
were contaminated with creosote in the 3.75-mile 
reach from W. Brown Deer Road to a point about 
2,000 feet downstream of the Fond du Lac 
Freeway (USH 145). The 1971 studies were 
limited to that reach; therefore, no information 
was available on the possible extent of creosote 
in the bottom sediments farther downstream. 

The creosote in the streambed of the upper 0.75 
mile of the contaminated reach was removed 
under a 1973 demonstration project. The water
shed study recommended that the residual 
creosote pollution problem downstream of the 
0.75-mile-Iong upper reach be resolved by exca
vating a new 3.46-mile-Iong parallel channel of 
similar size to that of the existing channel, but 
approximately 20 feet from the existing channel, 
filling the existing channel, and restoring 
the site. 

Since the watershed study was issued, additional 
investigations of the extent of the creosote 
pollution and of alternatives to resolve the 
in-place pollutant problem have been conducted 
under the U. S. Environmental Protection 
Agency (EPA) "Superfund" program. Those 
investigations have identified creosote pollution 
in the entire reach of the Little Menomonee 
River from W. Brown Deer Road to its mouth. 
Based on the results of a remedial investigation, 
conducted by the U. S. Environmental Protec
tion Agency, in cooperation with the Wisconsin 
Department of Natural Resources, completed in 
January 1990, a feasibility study was conducted 
by the Agency in cooperation with the Depart
ment to identify and evaluate remedial alterna
tives that would minimize or eliminate the 
health risks caused by site-related contaminants. 

Six remedial action alternatives were evaluated 
in detail. The recommended plan for the Moss
American site provides for the following: 

• Rerouting of the Little Menomonee River 
from the Moss-American site to its mouth. 

• Removal and biological treatment of highly 
contaminated soil and river sediment, using 
an onsite treatment system. 



• Burial of remaining sediments in the cur
rent streambed with soil excavated from the 
new channel. 

• Burial of the untreated soil and the treated 
material from the treatment system onsite 
under a soil cover. 

• Collection and treatment of contaminated 
groundwater with discharge to the sanitary 
sewerage system. 

• Treatment of the landfilled soil onsite and 
its disposal onsite in a specially designed 
landfill. 

The recommended remedial action plan is esti
mated to cost $26 million. Its annual operation 
and maintenance cost is $130,000. It is expected 
to take three to four years to complete. 

The selected plan for the river channel is similar 
to the watershed study recommendation with the 
project extended downstream based on the find
ings of additional downstream contamination. 

Butler Ditch 
Butler Ditch has a total length of 4.0 miles. The 
3.7-mile-Iong perennial stream reach of Butler 
Ditch Creek in the City of Brookfield and the 
Village of Menomonee Falls, which reach is 
located outside the current District limits but 
within an area defined in the policy plan as 
within possible future District limits, was found 
to meet the criteria for District jurisdiction. This 
reach was accordingly included in the system 
planning effort. The plan recommendations for 
each reach of Butler Ditch are as follows: 

1. City of Brookfield and Village of Menomo
nee Falls from the Confluence with the 
Menomonee River to Lisbon Road at River 
Mile 3.40: No flood control improvements 
are recommended for this reach. 

2. Village of Menomonee Falls from Lisbon 
Road to the Dolphin Drive Storm Sewer 
Outfall at River Mile 4.00: The Dolphin 
Drive storm sewer outlet is located below 
the existing streambed elevation at River 
Mile 4.00. In order to provide adequate 
stormwater drainage for the area tributary 
to the outlet, the Village has proposed 
deepening the Butler Ditch stream channel 
along its existing alignment between Dol
phin Drive and Lisbon Road. Minimal 
channel modifications are recommended to 
achieve the necessary streambed grade to 
accommodate the Dolphin Drive outlet. 

The recommended modification would 
consist of lowering the existing channel 
bottom by from 0.1 to 2.8 feet along the 
0.6-mile-Iong reach of Butler Ditch between 
Lisbon Road and the existing Dolphin 
Drive storm sewer outfall, as shown on 
Map 188. The resulting widened channel 
would have a bottom width of three feet 
and side slopes of one vertical on three 
horizontal. For purposes of this analysis, it 
was assumed that following deepening the 
channel would be allowed to revert to 
natural vegetative cover since it lies lar
gely within an isolated wooded area. 

Hydraulic Adequacy of Bridges 
The drainage and flood control objectives and 
supporting principles and standards set forth in 
Chapter III specify the flood events which 
bridges shall accommodate without overtopping 
the related roadway. Based on those criteria, a 
number of bridges on the streams studied are 
considered hydraulically inadequate as shown in 
AppendixG. 

It is recommended that when those bridges are 
replaced for transportation purposes, they be 
designed so as to accommodate the appropriate 
flood flow as specified in the drainage and flood 
control standards without overtopping the 
attendant roadway. 
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Chapter X 

SUMMARY OF MILWAUKEE METROPOLITAN SEWERAGE DISTRICT 
STORMWATER DRAINAGE AND FLOOD CONTROL SYSTEM PLAN 

INTRODUCTION 

The preceding chapters of this report presented 
alternative and recommended flood control and 
related drainage system plans for the streams 
proposed in the District policy plan to poten
tially be under the jurisdiction of the Milwaukee 
Metropolitan Sewerage District for flood control 
purposes.1 Recommended plans are presented for 
the streams concerned in the Kinnickinnic River, 
Lake Michigan Direct Drainage Area, Oak 
Creek, Root River, Milwaukee River, and Meno
monee River watersheds. 

Specific information on certain pertinent charac
teristics of each watershed, such as hydrologic 
soil types and land slopes, and on existing and 
planned land use, appears in Chapter I! of this 
report. The flood flows and stages for regulation 
purposes and for use in the design of all struc
tural flood control works are based upon the 
planned land use conditions. System objectives 
and supporting standards and design criteria 
are set forth in Chapter II!. Data on the stream 
flows and stages, and on areas subject to 
flooding and attendant damages are provided, 
together with the alternative and recommended 
plans by watershed, in Chapters IV through IX. 

Flood control plans for all of the watersheds 
concerned, with the exception of the Lake 
Michigan Direct Drainage Area watershed, were 
previously studied under the comprehensive 
watershed planning program carried out by the 
Commission in cooperation with the local units 
of government in southeastern Wisconsin over 
the past 25 years. The recommended plan for 
each watershed as set forth in the earlier 
watershed studies has been refined under this 
system planning effort, using updated hydro-

1 The policy plan is documented in SEWRPC 
Community Assistance Planning Report No. 130, 
A Stormwater Drainage and Flood Control 
Policy Plan for the Milwaukee Metropolitan 
Sewerage District, March 1986. 

logic and hydraulic models and accounting for 
changes in actual land use development and in 
land development and redevelopment plans. An 
original system plan was developed for the Lake 
Michigan Direct Drainage Area watershed. The 
system plans are recommended based upon 
careful consideration of technical feasibility, 
economic viability, environmental impacts, 
potential public acceptance, and practicality. 

Streams having a total of 147 miles were evalu
ated under the system planning effort. Of these 
147 miles, 114 stream miles are located within 
the current District limits and are recommended 
for District jurisdiction in the policy plan 
companion to this system plan. Of these 114 
miles of stream currently under the District 
jurisdiction, flooding and stormwater drainage 
problems were identified along streams having 
about 99 stream miles, as shown in Table 119. 
In addition to the 114 stream miles currently 
under District jurisdiction, about 29 stream miles 
were studied which are located outside of the 
current District limits, but within an area 
identified in the policy plan as within possible 
future District limits and found to meet criteria 
for District jurisdiction. In most cases, these 
stream reaches were located in the upper reaches 
of the watersheds and any changes could impact 
on flood flows and stages and recommended 
flood control measures along the reaches within 
the District jurisdiction. Of these 29 stream 
miles, streams having a length of about 24 miles 
were found to have identified problems and are 
listed in Table 119. Allor part of five streams, 
totaling about four miles in length, were not 
recommended for District jurisdiction: Hale 
Creek, the northern tributary of Southbranch 
Creek, a O.3-mile reach of Butler Ditch, a O.3-mile 
reach of Beaver Creek, and a O.6-mile reach of 
the Upper Menomonee River. These were 
included in the system planning effort because 
these reaches were upstream of reaches under 
District jurisdiction and because flooding and 
stormwater problems potentially existed along 
those streams. Those problems may be expected 
to require flood control measures which may 
impact on flood flows and stages on, as well as 
flood control recommendations for, the down
stream reaches under District jurisdiction. Thus, 
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Table 119 

SUMMARY OF SELECTED CHARACTERISTICS AND ECONOMIC ANALYSIS DATA FOR THE MILWAUKEE 
METROPOLITAN SEWERAGE DISTRICT STORMWATER DRAINAGE AND FLOOD CONTROL SYSTEM PLAN 

Cost Benefit-Cost Analysis 

Economic 
Reach Total Annual Benefit-
length Amortized Operation and Annual Cost 

Stream Reach (miles) Recommended Plan Capital8 Capitalb Maintenance Total Benefits Ratio 

1. Edgerton Channel -- 0.8c Channel modification $ 2.276.000d $ 144.300 $ 1.900 $ 146.200 $ 212.000 1.45 
and enclosure. bridge 
and road replacements 

Edgerton Channel Subtotal 0.8 -- $ 2.276.000d $ 144.300 $ 1.900 $ 146.200 $ 212.000 1.45 

2. Underwood Creek Underwood Creek from 2.6c Stormwater detention. $ 1.736.000 $ 110.000 $ 20.000 $ 130.000 $ 166.000 1.28 
and Dousman Milwaukee-Waukesha 5.1 e structure floodproof-
Ditch County line to its con- ing and elevation 

fluence with Dous-
man Ditch 

Dousman Ditch from 2.5e 

its mouth to Wiscon-
sin Avenue storm 
sewer outlet 

Underwood Creek and Dousman 
Dousman Ditch Subtotal 10.2 -- $ 1.736.000 $ 110.000 $ 20.000 $ 130.000 $ 166.000 1.28 

3. Oak Creek Oak Creek 8.4c Channel modification. $ 1.193.000 $ 76.000 $ 2.000 $ 78.000 $ 88.000 1.13 
4.7e floodprooling and 

elevation. bridge 
replacement 

Mitchell Field 3.3c 

Drainage Ditch 

North Branch 01 5.7c 

Oak Creek 

Oak Creek Subtotal 22.1 -- $ 1.193.000 $ 76.000 $ 2.000 $ 78.000 $ 88.000 1.13 

4. Wilson Park Creek -- 5.3c Major channelization. $ 520.000 $ 33.000 $ 2.600 $ 35.600 $ 39.000 1.10 
bridge modification 

Wilson Park Creek Subtotal 5.3 -- $ 520.000 $ 33.000 $ 2.600 $ 35.600 $ 39.000 1.10 

5. Indian Creek 1.9c Culvert replacement $ 290.000 $ 18.400 $ .- $ 18.400 $ 18.500 1.01 

Indian Creek Subtotal -- 1.9 -- $ 290.000 $ 18.400 $ .. $ 18.400 $ 18.500 1.01 

6. Lincoln Creek Upper Lincoln Creek 2.9c Channel modification. $ 1.525.0001 $ 45.1001 $ 1.100 $ 46.200 $ 42.000 0.91 
dikes. bridge replace-
ment. channel 
cleaning 

Lower Lincoln Creek 5.6c Channel modification. 20.340.000g 1.301.900 27.100 1.329.000 802.000 0.60 
dikes. floodwalls. 
bridge replacement 

Lincoln Creek Subtotal 8.5 -- $21.865.000 $1.347.000 $ 28.200 $1.375.200 $ 844.000 0.61 

7. East Branch 01 Franklin 4.9c Structure floodproofing. $ 153.000 $ 9.700 $ -- $ 9.700 $ 6.600 0.68 
Root River elevation, removal 

East Branch of Root River Subtotal 4.9 -- $ 153.000 $ 9.700 $ .. $ 9.700 $ 6.600 0.68 

8. North Branch -- 3.0c Channel modification, $ 1.433.200 $ 91.000 $ 6.200 $ 97.200 $ 50.500 0.52 
Whitnall Park culvert installation. 
Creek. Northwest floodproofing 
Branch Whitnall 
Park Creek. Whit-
nail Park Creek 

North Branch and Northwest Branch 
Whitnall Park Creek and Whitnall 
Park Creek Subtotal 3.0 .. $ 1.433.200 $ 91.000 $ 6.200 $ 97.200 $ 50.500 0.52 
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Table 119 (continued) 

Cost Benefit-Cost Analysis 

Economic 
Reach Total Annual Benefit-

Length Amortized Operation and Annual Cost 
Stream Reach (miles) Recommended Plan Capitala Capitalb Maintenance Total Benefits Ratio 

9. North Branch of -- 14.3c 

Root River and 2.2e 

Hale Creek 1.0h 

West Allis -- Structure floodproofing. $ 1.483.000i $ 94.000 $ 5.100 $ 99.100 $ 28.250 0.28 
elevation, removal, 
minor channel 
deepening 

Greenfield -- Structure floodproofing. 1.676.000 106.300 -- 106.300 35.000 0.33 
elevation. removal 

Franklin -- Structure floodproofing. 329.000 20.900 -- 20.900 8.600 0.41 

elevation. removal 

North Branch of Root River 
and Hale Creek Subtotal 17.5 -- $ 3.488.000 $ 221.200 $ 5.100 $ 226.300 $ 71.850 0.32 

10. Brown Oeer -- 2.0c Structure floodproofing $ 4.600 $ 290 $ -- $ 290 $ 90 0.31 
Park Creek 

Brown Deer Park Creek Subtotal 2.0 -- $ 4.600 $ 290 $ -- $ 290 $ 90 0.31 

11. South branch South branch Creek 1.5c Channel modification. $ 1.265.000 $ 80.300 $ 14.000 $ 94.300 $ 27.250 0.29 
Creek culvert replacement. 

detention storage 

North Tributary to l.4h Channel modification, 1.550.000 98.300 12.600 110.900 - j - j 

South branch Creek culvert replacement. 
detention facilities 

South branch Creek Subtotal 2.9 -- $ 2.815.000 $ 178.600 $ 26.600 $ 205.200 $ 27.250 0.29k 

12. Upper Menomonee Upper Menomonee 5.5c Structure floodproofing $ 74.000 $ 4.700 $ -- $ 4.700 $ 2.400 0.51 
River and Little River in Village of 9.3e 

Menomonee River Menomonee Falls at 0.6h 

River Mile 14.74 and 
from River Mile 19.42 
to 19.94 

Upper Menomonee Channel modification 559.000 35.000 2.000 37.000 10.0001 0.27 
River in Village of 
Menomonee Falls 
from Roosevelt Drive 
through Erika Road 
extended 

Upper Menomonee Structure floodproofing 35.000 2.200 -- 2.200 200 0.09 
River in Village of and elevation 
Germantown at River 

Miles 23.48. 24.19. 
and 24.33 

Little Menomonee 7.0c Structure floodproofing 14.000 900 -- 900 1.600 1.78 
River at River Miles 
3.80. 6.90. and 6.93 

Upper Menomonee River and 
Little Menomonee River Subtotal 22.4 -- $ 682.000 $ 42.800 $ 2.000 $ 44.800 $ 14.200 0.32 

13. Lower City of Milwaukee from Dike and floodwall $ 240.000 $ 16.000 $ -- $ 15.000 $ --m --m 

Menomonee River 27th Street Viaduct to raises 
IH 94 

City of Milwaukee from Structure floodproofing 370.000 23.000 -- 23.000 3.100 0.13 
IH 94 to W. Michigan and elevation 
Street extended 

N. 43rd Street Channel modification. 5.988.000 380.000 6.000 386.000 129.000 0.33 
extended in the City of dikes. structure 
Milwaukee through floodproofing and 
Glenview Avenue elevation 
extended in the City 
of Wauwatosa 
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Table 119 (continued) 

Reach 
Length 

Stream Reach (miles) Recommended Plan Capitala 

13. Lower City of Wauwatosa Structure floodproofing $ 29.000 
Menomonee River from W. Harwood 
(continued) Avenue through W. 

Capitol Drive 

Lower Menomonee River Subtotal 10.3c .. $ 6.627.000 

14. Beaver Creek .. 1.9c Channel modification. $ 202.300 
0.3h culvert replacement 

Beaver Creek Subtotal 2.2 .. $ 202.300 

15. Honey Creek City of Wauwatosa at Structure floodproofing $ 50.000 
River Mile 0.85 

City of Greenfield from Channel modification. 1.282.000 
IH 894 through the S. detention storage. and 
43rd Street storm bridge removal and 
sewer outfall replacement 

Honey Creek Subtotal 8.8c .. $ 1.332.000 

16. Butier Ditch W. Lisbon Road to 0.3h Minor channel $ 60.000 
Dolphin Drive storm modification 
sewer outlet 

Butler Ditch Subtotal 0.3 .. $ 60.000 

17. Crayfish Creek and .. 1.0c Channel modification. $ 399.000 
Caledonia Branch debrushing. berm and 
of Crayfish Creek culvert construction 

Crayfish Creek and Caledonia Branch 
of Crayfish Creek Subtotal 1.0 .. $ 399.000 

18. Woods Creek .. 1.1 c Construction of relief $ 981.000 
culvert 

Woods Creek Subtotal 1.1 .. $ 981.000 

19. S. 43rd Street .. 1.1 c Dike construction and $ 135.000 
Ditchn channel debrushing 

S. 43rd Street Ditch Subtotal 1.1 .. $ 135.000 

Total 126.3 .. $46.192.100 

a Capital cost is expressed in 1986 dollars. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

c Stream reach under current District jurisdiction (98.9 miles). 

Total 
Amortized 
Capitalb 

$ 1.800 

$ 419.800 

$ 13.000 

$ 13.000 

$ 3.200 

81.000 

$ 84.200 

$ 4.000 

$ 4.000 

$ 25.300 

$ 35.300 

$ 62.000 

$ 62.000 

$ 8.600 

$ 8.600 

$2.889.190 

Cost Benefit·Cost Analysis 

Economic 
Annual Benefit· 

Operation and Annual Cost 
Maintenance Total Benefits Ratio 

$ .. $ 1.800 $ 900 0.50 

$ 6.000 $ 425.800 $ 133.000 0.31 

$ 600 $ 13.600 $ 750 0.06 

$ 600 $ 13.600 $ 750 0.06 

$ .. $ 3.200 $ 2.200 0.69 

12.000 93.000 900i om i 

$ 12.000 $ 96.200 $ 3.100 omi 

$ .. $ 4.000 $ · j · j 

$ .. $ 4.000 $ · j .j 

$ 10.900 $ 36.200 $ · j · j 

$ 10.900 $ 46.200 $ · j · j 

$ .. $ 62.000 $ · j .j 

$ .. $ 62.000 $ · j · j 

$ 8.500 $ 17.100 $ · j · j 

$ 8.500 $ 17.100 $ · j · j 

$132.600 $3.021.790 $1.674.840 0.620 

dCapital cost was refined as pert of a seperate analysis conducted aher Chapter IV was completed. Includes cost for reconstructing S. Nicholson Road and an existing frontage 
road over the proposed culvert. and building new bridges at the Chicago & North Western Railway line and at the utility road just upstream of the railway. Costs are not included 
for the replacement of the S. Pennsylvania Avenue bridge. since the bridge is being replaced for transportation purposes. 

e Stream reach under recommended for potential District jurisdiction (23.8 mi/est 

f Amortized capital cost is based upon $712.000 and does not include $813.000 for channel modifications required for adequate storm sewer outlet improvements, which would 
not result in direct flood abatement benefits. 

g Amortized capital cost includes the replacement of pumps after 25 years of operation. 

hStream reach not recommended for District jurisdiction (3.6 miles). 

iCosts for bridges at W. Cleveland Avenue on the North Branch of the Root River and W. Cleveland Avenue on Hale Creek were previously assignad under the Commission's 
adopted regional transportation system plan. 

jBenefits primarily due to provision of adequate outlets for storm sewers are not normally quantified. Benefits to storm water drainage system. if included, would result in a 
higher benefit·cost ratio. 

kBenefit·cost ratio calculated only for Southbranch Creek. 

"nc'udes flood damage reduction at three buildings located upstream in the Village.of Germantown. 

mSame approximate level of flood protection. Dike and floodwall raised to provide three feet of freeboard. 

nNeed for implementation dependent upon construction of major storm sewer in the City of West Allis. 

°Benefit·cost ratio calculated using the total annual cost. excluding costs for stream reaches Nos. lIb. 13a. 15b. 16. 17. lB. and 19. which costs are primarily associated 
with storm water drainage system improvements or other purposes which do not result in direct flooding relief benefits. 

Source: SEWRPC. 

644 



these five stream reaches were also considered in 
the system planning effort. 

Recommended System Plan 
The recommended system plan for the Milwau
kee Metropolitan Sewerage District consists of a 
carefully selected combination of structural and 
nonstructural measures. The basic nonstructural 
plan measures consist of carrying out the 
regional land use plan. By guiding future land 
use development in accordance with the plan, 
the intensification of existing, and the creation 
of new, drainage and flood control problems can 
be avoided. The importance of the land use 
recommendations cannot be overemphasized. 
Not only will the location, extent, and density or 
intensity of urban land use development affect 
the flood flows and stages upon which the 
system plan is based, but the preservation of the 
environmental corridors will preserve a high 
volume of floodwater storage capacity along the 
stream systems. 

The major structural measures include a selected 
combination of storage; channel modification; 
structure floodproofing, elevation, and removal; 
diking; stormwater pumping; bridge and culvert 
replacement; and new channel construction. As 
already noted, the plan emphasizes the provision 
of substantial floodwater storage through the 
preservation of essentially all natural floodplain 
storage remaining in the study area and the 
construction of selected storage facilities. These 
measures are listed in Table 119 and are shown 
on Map 189. Those stream reaches for which no 
significant stormwater drainage and flooding 
problems were identified are listed in Table 120. 

The recommended plan would essentially elimi
nate all flood-related damages during flood 
events up to and including a 100-year recurrence 
interval event under planned land use and 
channel conditions along the identified stream 
reaches set forth in Table 119. The flood control 
measures recommended are designed primarily 
to alleviate flood damages from direct overland 
flooding along the stream reaches studied, as 
well as to provide an adequate outlet for local 
storm sewers and drainageways. These mea
sures, although not specifically designed to do 
so, may also be expected to materially reduce 
damages due to localized storm water drainage 
problems or sanitary sewer backup. 

As shown in Table 119, the total capital cost of 
the recommended stormwater drainage and 

flood control improvements is estimated to be 
about $46.2 million, with a total annual operat
ing and maintenance cost of $133,000. The total 
annual cost of the amortized capital and opera
tion and maintenance costs is estimated to be 
$3.0 million. The total annual direct benefits 
expected are about $1.7 million. In addition to 
the direct benefits due to the abatement of direct 
overland flooding conditions, there are unquan
tified benefits relating to the provision of 
adequate outlets for stormwater drainage sys
tems and a substantial reduction in the amount 
of annual flood insurance premiums required to 
be paid within the service area. This insurance 
premium cost is estimated to total approximately 
$600,000 per year in Milwaukee County. In 
addition, there are substantial indirect benefits 
due to the alleviation of mental stress, closure of 
roads, lost travel time, and lost time at work, 
losses experienced during flooding conditions 
but are not generally quantified. Most impor
tantly, there are indirect benefits from the 
abatement of the severe public health and public 
safety hazards associated with flooding in 
urban areas. 

In addition to the costs and improvements set 
forth in Table 119, there are a number of bridges 
on the streams evaluated in this system plan 
which do not currently meet the objective and 
supporting principals and standards set forth in 
Chapter III with regard to overtopping of the 
related roadways. Based on those criteria, a 
number of bridges on the streams studied are 
considered hydraulically inadequate as shown in 
Appendices B through G. It is recommended that 
when those bridges are replaced for transporta
tion purposes, they be designed so as to accom
modate the appropriate flood flow as specified in 
the drainage and flood control standards with
out overtopping the attendant roadway. 

Finally, but importantly, the plan recommends 
that each of the units of government in the 
watersheds located within the study area review 
its floodland zoning regulations to ensure that 
such regulations complement the recommended 
watershed land use plan element and are coor
dinated with the structural flood control mea
sures recommended in the plan. In general, those 
floodlands lying within the 100-year recurrence 
interval flood hazard lines under year 2000 
planned land use conditions that are presently 
neither developed for urban use nor committed 
to such use by the recordation of land subdivi-
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Table 120 

SELECTED STREAM REACHES STUDIED UNDER 
THE MILWAUKEE METROPOLITAN SEWERAGE 

DISTRICT STORMWATER DRAINAGE AND FLOOD 
CONTROL SYSTEM PLAN WHICH HAVE NO 

IDENTIFIED, SIGNIFICANT FLOODING PROBLEMS 

Streams Recommended for Milwaukee 
Metropolitan Sewerage District Jurisdiction 

Length 
Stream and Reach (miles) 

Kinnickinnic River Watershed 

Kinnickinnic River Watershed 5.7a 

Lyons Park Creek 1.3a 

Villa Mann Creek 1.7a 

Lake Michigan Direct Drainage Area 

Fish Creek 3.4 
(2.1)a 
(1.3)b 

Menomonee River Watershed 

South Branch of Underwood Creek 1.6a 

Butler Ditch (south of Lisbon Road) 3.7b 

Root River Watershed 

Tess Corners Creek 2.6a 

104th Street Branch 0.4a 

Total 20.4 

aStream reach under current District jurisdiction (15.4 
miles). 

b Stream reach recommended for potential future District 
jurisdiction (5.0 miles). 

Source: SEWRPC. 

sion plats and the installation of municipal 
improvements should be zoned so as to prohibit 
further urban development. Those existing 
urban land uses in the floodland recommended 
to be floodproofed, elevated, or protected through 
structural flood control measures should be 
placed in a flood hazard district until imple
mentation of the recommended flood control 
measures, at which time the lands should be 
appropriately rezoned. 

In selected reaches of the streams studied there 
is a lack of suitable large-scale topographic 
mapping needed to provide an accurate delinea
tion of the floodplains and, in some cases, to 
carry out the detailed design of selected struc
tural measures. Thus, it is recommended that the 
Milwaukee Metropolitan Sewerage District pre
pare large-scale topographic maps for the areas 
shown on Map 190, except for the Northwest 
one-quarter of U. S. Public Land Survey Sec
tion 27, Township 7 North, Range 20 East, 
where it is recommended that the City of Brook
field prepare a large-scale topographic map. New 
mapping is recommended to cover about 
51. 75 square miles along the stream reaches 
concerned. 

PROJECT PRIORITIZATION 

The recommended system plan has been listed 
by project reach in Table 119 in order of the 
calculated benefit-cost ratio. It is recommended 
that the plan be implemented generally on the 
basis of the benefit-cost ratios from highest to 
lowest. However, it is also recommended that 
selected projects be given special consideration 
due to the need for the storm water drainage 
system outlet improvements the benefits of 
which are not generally quantified in the benefit
cost ratio. Such consideration would apply to the 
reach of Honey Creek in the City of Greenfield. 
In addition, the timing of related projects should 
be considered in the final project priority sched
ules selected by the Milwaukee Metropolitan 
Sewerage District. For example, if construction 
of a new stadium is implemented, consideration 
should be given to the need to implement the 
Woods Creek improvements as other construc
tion in the area takes place. In addition, where 
safety hazards which could result in the poten
tial loss of life are known to exist, which could 
be reduced by the proposed improvements, such 
consideration should be considered overriding. 

PROJECT COST ALLOCATION 

The apportionment of the recommended plan 
costs among the various public agencies and 
private owners concerned are set forth in 
Table 121. This apportionment is based upon the 
recommended policies as set forth in the afore
mentioned policy plan. As shown in Table 121, 
of the total capital costs of $46.2 million esti
mated for carrying out the system plan imple-
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mentation, approximately $30.5 million, or 
66 percent, would be borne by the Milwaukee 
Metropolitan Sewerage District. Of the remain
ing 15.7 million, $12.0 million would be borne by 
the 12 local and by the State units of govern
ment affected by the current flooding problems, 
and $3.7 million would be borne by private 
property owners. 

The cost allocation set forth in Table 121 
assumes that the private property owners con
cerned will be responsible for costs associated 
with structure flood proofing and elevation when 
such elements are included as part of the recom
mended plan. This assumption is consistent with 
the adopted District policy plan as documented 
in SEWRPC Community Assistance Planning 
Report No. 130, A Stormwater Drainage and 
Flood Control Plan for the Milwaukee Metropoli
tan Sewerage District. During development of the 
system plan, requests were made to change the 
policy plan to provide District funding of 
requested floodproofing and elevation measures. 
Such requests were made by members of the 
Technical Advisory Committee, two local units of 
government, and citizens at public meetings on 
the proposed system plan. In view of these 
requests, it is recommended that the District 
reconsider this provision of the policy plan. 

IMPACT OF RECOMMENDED 
FLOOD CONTROL SYSTEM PLAN 
ON FLOOD FLOWS AND STAGES 

Structural flood control measures recommended 
for streams studied under this system plan will 
in some cases improve the hydraulic efficiency 
of the channel system and may be expected to 
increase, to the degree quantified in the system 
analyses, downstream flood flows and stages. 
These measures include channel modification, 

channel enclosure, bridge and culvert replace
ment, and channel cleaning and debrushing. 
Hydrologic and hydraulic analyses· were con
ducted as part of this system plan to determine 
the impact of the recommended flood control 
measures on downstream flood flows and stages. 
These analyses considered the impact along the 
stream reaches studied as well as along any 
downstream reaches potentially impacted. A 
comparison of the 100-year recurrence interval 
flood flows and flood stages under planned land 
use with existing and planned channel condi
tions is provided for each watershed in the 
pertinent previous chapters of this report. In 
most cases, flood control and storm water drain
age measures are not expected to increase 
downstream flood flows and stages to any 
extent. In a few cases, increases of 0.1 to 0.6 foot 
are expected. However, no significant increase in 
downstream flooding problems is expected. 

CONCLUSION 

Adoption and implementation of the recom
mended system plan for the Milwaukee Metro
politan Sewerage District may be expected to 
result in the abatement of the most serious and 
costly flooding problems in Milwaukee County 
and in attendant drainage improvements. 
Importantly, such adoption and implementation 
may be expected to minimize the intensification 
of existing and the development of new problems 
of this kind. Consequently, implementation of 
the plan may be expected to provide a safer, 
more healthful, and more pleasant, as well as 
more orderly and efficient, environment for life 
in the watersheds concerned. Failure to imple
ment the system plan may be expected to result 
in the further intensification of flooding and 
stormwater drainage problems and in the crea
tion of new problems which will be even more 
expensive to resolve. 
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Stream Reach 

1. Wilson Park --
Creek 

2. Edgerton --
Channel 

3. Underwood Underwood Creek 
Creek and from Milwaukee-
Dousman Ditch Waukesha County 

line to confluence 
with Dousman 
Ditch and Dous-
man Ditch from 
its mouth to Wis-
consin Avenue 
storm sewer 
outlet 

4. Oak Creek --
5. Indian Creek Village of Fox Point 

6. Uncoln Creek Upper and Lower 
Uncoln Creek 

7. Whitnall Park --
Creek. North 
Branch of Whit-
nail Park Creek, 
and Northwest 
Branch of Whit-
nail Park Creek 

8. East Branch of --
Root River 

9. North Branch of --
Root River and 
Hale Creek 

10. Brown Deer --
Park Creek 

11. Southbranch Southbranch Creek 
Creek and north tribu-

tary to South-
branch Creek 

Table 121 

SUMMARY OF CAPITAL COSTS FOR MILWAUKEE METROPOLITAN SEWERAGE DISTRICT 
STORMWATER DRAINAGE AND FLOOD CONTROL SYSTEM PLAN BY IMPLEMENTING AGENCY 

Milwaukee Wisconsin 
Metropolilan Department Village of 

Sewerage Milwaukee of Natural City of City of City of City of City of City of Village of Village of Hales 
District County Resources Brookfield Cudahy Franklin Milwaukee Wauwatosa WestAIUs Brown Deer Elm Grove Corners 

$ 490,000 $ 30,000 $- - $- - $- - $- - $- - $- - $- - $- - $- - $- -

2,265,Ooob -- -- -- 11,ooob -- -- -- -- -- -- --

-- -- -- 168,Oooc -- -- _. -- -- -- 504,oooc --

548,000 -- -- -- -- -- -- -- -- -- -- --
29,000 261,000 -- -- -- -- -- -- -- -- -- --

15,021,000 -- 10,000 -- -- -- 6,834,Ooob -- -- -- -- --

1,037,600 -- -- -- -- -- -- -- -- -- -- 293,200 

-- -- -- -- -- 84,000 -- -- -- -- -- --

2,242,000 18,000 -- -- -- -- -- -- 634,000 -- -- --

-- -- -- -- -- -- -- -- -- -- -- --

1,064,000 -- -- -- -- -- 420,000 -- -- 1,331,000 -- --

Village of Private 
Menomonee Property 

Falls Owners Totala 

$-- $-- $ 520,000 

-- -- 2,276,000 

-- 1,064,000 1,736,000 

-- 645,000 1,193,000 

-- -- 290,000 

-- -- 21,865,000 

-- 102,400 1,433,200 

-- 69,000 153,000 

-- 594,000 3,488,000 

-- 4,600 4,600 

-- -- 2,815,000 



Table 121 (continued) 

Milwaukee Wisconsin 
Metropolitan Department Village of Village of Private 

Sewerage Milwaukee of Natural City of City a! City of City of City of City of Village of Village of Hales Menomonee Property 
Stream Reach District County Resources Brookfield Cudahy Franklin Milwaukee Wauwatosa West Allis Brown Deer Elm Grove Corners Falls Owners Totala 

12. Upper River Mile 14.74 to $ •• $ •• $ •• $ •• $ •• $ •• $ •• $ •• $ •. $ •• $ •• $ .. $559,000 $ 109,000 $ 668,000 
Menomonee River Mile 24.33 

12a. Little River Miles 3,80, .. .. .. .. .. . . .. .. .. . . .. .' . . 14,000 14,000 
Menomonee 6.90, and 6.93 

13. Lower 27th Street Via· 5,421,000 .. .. .. .. .. .. 170,000 . . .. .. ., . . 1,036,000 6,627,000 
Menomonee duct through W. 

Capitol Drive 

14. Beaver Creek .. .. .. .. .. .. .. .. .. . . 202,300 .. ., .. .. 202,300 

15. Honey Creek .. 915,000 367,000 .. .. .. .. .. .. .. .. . . ., . . 50,000 1,332,000 

16. Butler Ditch W. Lisbon Road to .. .. .. .. .. .. .. .. .. .. .. . . 60,000 . . 60,000 
Dolphin Drive 
storm sewer 
outiet 

17. Crayfish Creek Crayfish Creek 399,000 " .. .. .. .. .. .. . . .. .. . ' . . .. 399,000 
and Caledonia 
Branch 

18. Woods Creek .. 981,000 .. .. .. ., .. .. .. .. .. .. .' . . .. 981,000 

19. S. 43rd Street .. 135,000 .. .. .. .. .. .. .. . . .. .. . ' . . . . 135,000 
Ditch 

Total .. $30,647,600 $676,000 $10,000 $168,OOOc $11,ooob . $84,000 $7,254,000 $170,000 $634,000 $1,533,300 $504,OOOc $293,200 $619,000 $3,688,000 $46,192,100 

a All costs given in 1986 dollars. 

bPortions of this cost may be allocated to the Wisconsin Department of Transportation. 

cCost of recommended detention basin assigned in proportion to the flood damage mitigation benefits derived by the City of Brookfield and the Village of Elm Grove, 

Source: SEWRPC. 
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