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Chapter I 

INTRODUCTION AND BACKGROUND 

Based upon an October 1999 agreement, the Southeastern Wisconsin Regional Planning Commission (SEWRPC) 
and the City of Milwaukee Department of Public Works agreed to cooperatively prepare a flood mitigation plan 
for the City. In addition to setting forth updated and refined flood mitigation recommendations for the City and 
for the five watersheds that lie partly within the City, the plan is designed to set forth current information 
regarding the status of flooding problems and planning for their mitigation, as well as plan implementation 
efforts, including public involvement activities undertaken as a part of flood mitigation planning, within and for 
the City and the five watersheds. The plan was prepared by City staff and Regional Planning Commission staff 
and was coordinated with related activities of the Wisconsin Department of Natural Resources (WDNR) , the 
Milwaukee Metropolitan Sewerage District (MMSD), other concerned units and agencies of government, and the 
Southeastern Municipal Executives (SEME) group. Major flood mitigation actions identified are the result of the 
ongoing MMSD watercourse management program which was carried out for the MMSD planning area, 
including all of the City of Milwaukee. In preparing the plan, the City involved all appropriate City departments 
as needed. In addition, the Milwaukee County Sheriffs Department, Division of Emergency Management, was 
contacted and has been involved in ongoing cooperative flood mitigation planning. Additionally, the development 
of detailed system plans as described involved the coordination of many agencies and units of government, 
including, but not limited to, the Milwaukee Metropolitan Sewerage District, the Wisconsin Department of 
Natural Resources, and the local units of government involved in the areas with flooding problems. 

The preparation of the plan is an important step in minimizing flood damages in the City and is a condition of the 
City's receiving grant funding administered by the Wisconsin Department of Military Affairs, Division of 
Emergency Management, under the Hazard Mitigation Grant Program in conjunction with the flooding which 
occurred in the City on August 6, 1998. Funding for this plan was provided in part through a Flood Mitigation 
Assistance Planning Grant from the Federal Emergency Management Agency (FEMA). 

STUDY AREA 

The study area encompassed by the plan includes 1) a primary study area coterminous with the corporate 
boundaries of the City of Milwaukee which includes portions of the five watersheds-the Kinnickinnic River, 
Menomonee River, Milwaukee River, Oak Creek, and Root River watersheds-that lie within the City and 2) a 
secondary study area encompassing those portions of the five watersheds that lie outside the City (see Map 1). 
The primary study area encompasses a total of about 97 square miles, or about 9 percent of the overall study area. 
The secondary study area encompasses a total of about 981 square miles, or the remaining approximately 91 
percent of the overall study area. 
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I 
NEED FOR THE PLAN 

Floodwaters can directly damage buildings and other structures in numerous ways. The most common types of 
damage include hydrostatic pressure leading to the collapse of building foundations, basement slab heaving, and 
loss of mortar; erosion of foundations and soil; heaving of sidewalks and slabs; saturation of insulation; wood rot; 
deterioration of masonry and concrete, including soluble salt damage and freezing and thawing damage; damage 
to metal structural components, including fasteners, exposed metals, and embedded iron; damage to interior 
finishes, including drywall, plaster, wood floors and trim, interior paint, wallpaper, and floor coverings; exterior 
paint problems; and damage to utilities, appliances, equipment, merchandise, and personal belongings. Businesses 
damaged by floodwater also suffer direct economic losses of varying types, including loss of production and 
commerce arising from being forced to suspend operations as a result of the flooding and its aftermath. In addition 
to direct flood damages, indirect damages, such as the cost of temporary evacuation or relocation and lost wages, 
as well as intangible damages, such as psychological stress and health hazards, can occur. 

A number of major flooding events, including many that have caused extensive damage, have been recorded 
within the primary and secondary planning areas since their settlement by Europeans in the 19th century. Over the 
past 15 years, these events have included the following: 

• The event of August 6, 1986, when 6.84 jnches of rain fell in 24 hours at General Mitchell 
International Airport in the City of Milwaukee, the single-day record rainfall at the airport's recording 
station. The most intense precipitation from the storm involved occurred within a band oriented from 
northwest to southeast across Milwaukee County. The rainfall recorded at the airport had a recurrence 
interval of about 300 years and the resultant flood peak of 10,600 cubic feet per second on the 
Kinnickinnic River at S. 11th Street in the City is estimated to have had a recurrence interval greater 
than 500 years. The attendant flooding, which included widespread flooding in the Mitchell 
International Airport area and closed the airport, caused great damage, including severe damage along 
the Kinnickinnic River between S. 6th Street and S. 16th Street in the City. 

• The event of June 20-21, 1997, when a period of moderate rainfall followed by intense thunderstorms 
centered in northern Milwaukee County resulted in at least four inches of rain across the County, with 
much of the County receiving about six inches of rain. More than nine inches of rain was recorded in 
the Village of Brown Deer. Severe localized damage occurred in Brown Deer, the City of West Allis, 
and the Lincoln Creek area of the City of Milwaukee. Flooding also occurred along the Menomonee 
River in the Cities of Milwaukee and Wauwatosa. Sewer backup flooding was reported in the 
Kinnickinnic River watershed, but no damage resulting from overbank flooding along waterways in 
that watershed was reported. 

• The event of July 2, 1997, a "follow-up" storm to the June 20-21, 1997, storm event, involved as 
much as four inches of rain, but resulted in little additional property damage. 

• The event of August 6, 1998, in which over six inches of rain in northwestern Milwaukee County and 
eastern Waukesha County resulted in significant property damage due to overbank flooding along the 
Menomonee River and Lincoln Creek. 

• The event of July 2, 2000, in which as much as 6.5 inches of rain fell on portions of eastern 
Waukesha and southern Milwaukee Counties, including 4.42 inches recorded at General Mitchell 
International Airport on the far south side of the City of Mil waukee. Storms associated with this event 
produced one tornado and resulted in significant property damage due to high winds and flooding, 
mainly in communities south of the City of Milwaukee. Reported damages in the City of Milwaukee 
were mainly limited to basement flooding due to either sewer backups or inoperable sump pumps 
caused by power outages. 
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Presidential Disaster Declarations due to flooding were issued in all four years noted above. Each of these 
declarations included communities in Milwaukee County. Federal and State disaster assistance to the City of 
Milwaukee included $2.5 million for the 1997 floods 'and $227,000 for the 1998 flood. 

These recent flooding events demonstrate the continuing need for a comprehensive and cooperative strategy for 
mitigating existing flooding problems and for preventing future flooding in the City of Milwaukee. In the absence 
of adequate planning, existing flooding problems may be aggravated and new ones may be created. A systematic 
plan to address existing flooding problems and avoid the creation of new problems is therefore critical to the 
sound development of the City. 

SCOPE AND PURPOSE OF PLAN 

This plan is intended to set forth the most appropriate, feasible, and effective flood mitigation strategy for the City 
of Milwaukee. The planning process, which is also documented in this report, includes the following steps: 

• Conduct of inventories and analyses of relevant basic data pertaining to the overall study area, 
including data on planned land use and related data; the surface-water system; existing applicable 
floodland management regulations and programs; historical flooding problems; and recent flood 
events and associated flooding problems. 

• Identification of flood mitigation goals and objectives for the City. 

• Analysis and assessment of flood problems in the City. 

• Consideration of alternative flood mitigation strategies. Alternative strategies must be considered in 
the context of comprehensive water resource and other planning efforts, particularly recent floodland 
system planning efforts. 

• Identification of potential funding sources for flood hazard mitigation efforts. 

• Selection and description of a recommended flood mitigation plan for the City, including 1) 
documentation of public participation activities and coordination efforts undertaken with other 
concerned "stakeholders," including other units and agencies of government and concerned private
sector parties, undertaken as part of the planning process, 2) description of recommended plan 
implementation strategies, and 3) description of recommended plan monitoring strategies. 

The Watershed as a Planning Unit 
Planning for floodland- and stormwater-related problems can conceivably be carried out on the basis of a number 
of different geographic units, including areas defined by governmental jurisdictions, economic linkages, or 
watersheds. There are important reasons for utilizing the watershed as a water resources planning unit. These 
reasons include the following: 
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• Floodland management measures, flood control measures, and stormwater management facilities 
should form a single integrated system over a watershed. The streams and watercourses of a 
watershed must be capable of carrying present and future runoff loads generated by existing and 
probable future land use development patterns within the watershed. Therefore, flood control and 
storm water management problems can best be considered on a watershed basis. 

• Flood control and stormwater drainage problems are closely related to other land and water use 
problems. Consequently, floodland protection and water-related park and open space preservation can 
be best studied on a watershed basis. 



• Changes in land use and transportation requirements ordinarily are not controlled by watershed 
factors, but nevertheless have major effects on watershed problems. Land use and transportation 
system patterns significantly affect the amount and spatial distribution of hydrologic loadings to be 
accommodated by water control facilities. In turn, the water control facilities and their effect on 
historical floodlands determine to a considerable extent the uses to which certain land areas can 
be put. 

• Finally, the related physical problems of a watershed tend to create a community interest within the 
watershed around which floodland and stormwater management planning efforts can be organized. 

For these reasons, the watershed is a logical unit for floodland management and related stormwater management 
planning, provided the relationships existing between the watershed and the surrounding region are recognized. 
Since its inception in 1960, the regional planning program in the Southeastern Wisconsin Region has embodied a 
recognition of the need to consider watersheds as rational planning units if workable solutions are to be found for 
interrelated land and water use problems, including flood mitigation. Accordingly, this flood mitigation plan has 
included consideration of the watersheds which lie within or partially within the City of Milwaukee in addition to 
the City itself. 

Relationship of Flood Control Planning to Stormwater Management Planning 
While the focus of the current planning effort is flood mitigation within the City of Milwaukee, it is imperative to 
note the importance of the relationship between flood control planning and stormwater management planning. 

In both flood control and stormwater management planning, the important effect of land use development on 
flood flows and stages and on water quality conditions must be recognized. It is important to understand the 
differences between flood control and stormwater management planning. Flood control planning deals with the 
problems presented when peak streamflows exceed stream channel capabilities and floodwaters move outward 
from stream channels to occupy natural floodplains, particularly such floodplains occupied by flood-damage
prone development. Sound flood control measures for any given watershed include, first and foremost, the 
preservation of floodlands in essentially natural, open uses and, as may be found necessary, the provision of 
floodwater storage capacity above and beyond that provided by the remaining open floodlands to reduce peak 
flood flows along the stream channels; the removal of existing flood-damage-prone buildings and the 
floodproofing of other existing flood-damage-prone buildings; and, as a last resort, modifications to increase the 
flood storage and conveyance capacities of the streams and watercourses, including the replacement of hydraulic 
control structures, such as bridges, culverts, and dams, and the provision of floodwater storage areas. 

Stormwater management planning deals with problems created by the inability of stormwater runoff to reach the 
major stream channels of a watershed without attendant local ponding; street, yard, and basement flooding; and 
surcharging of sanitary sewerage systems with attendant basement flooding. The proper preparation of stormwater 
management system plans requires the existence of agreed-upon flood control system plans. This is important 
because the flood elevations along the major stream channels will determine the configuration, sizing, and 
performance of the local drainage systems. In some cases, the design of a stormwater management system may 
require revisions in the flood control plan. 

Both flood control and stormwater management system plans must consider the need for water pollution 
abatement measures to meet water use objectives and related water quality standards. At the watershed level, this 
requires the incorporation of areawide recommendations for the abatement of point sources of water pollution, 
such as sewage treatment plant discharges, and the reduction of nonpoint sources of water pollution. 

Importantly, local stormwater management system planning must also be integrated with sanitary sewerage 
system planning in order to address the serious public health and safety problems caused by the surcharging of 
sanitary sewers during periods of excessive rainfall with attendant backup of sanitary sewage into basements of 
buildings, or the required bypassing of raw sanitary sewage to storm sewers, roadside swales and ditches, and 
natural swales and watercourses. 
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Other Hazards 
.Like other municipalities in Milwaukee County, the City of Milwaukee is vulnerable to a wide range of hazards 
besides flooding. Accordingly, as an integral part of their emergency management planning efforts, both the City 
and other municipalities in the County cooperate with Milwaukee County in analyzing such hazards and, as 
appropriate, planning for and responding to any disasters that may arise from those hazards. 

A September 1998 hazard analysis prepared by Milwaukee County describes various types of disasters which 
have occurred in the County and/or which are likely to or which may otherwise happen in the County.' The 
analysis categorizes flooding among other natural hazards to which the County is vulnerable, including heat 
waves; droughts; thunderstorms; lightning; hail; tornadoes and downbursts; and winter storms. Although the 
threat to Wisconsin of another type of natural hazard, earthquakes, as a whole is not great, the analysis notes that 
ground shaking can be felt from earthquakes centered in Wisconsin or in adjacent states. 

The Milwaukee County analysis also includes an examination of 1) health threats, including epidemics of 
contagious disease; the contamination of water and food by microorganisms; emergencies involving the spilling 
or unsafe release of hazardous materials into the environment; and violent crime, including child abuse and 
neglect; 2) technological and/or human-created hazards, including dam failures; incidents involving the spilling or 
unsafe release of hazardous materials; transportation accidents, including trucking, aircraft, rail, and maritime 
accidents, many of which may involve mass casualties and/or rescues; nuclear power plant and/or other nuclear
energy-related incidents, including both incidents which may involve the release of radioactive materials into the 
atmosphere from nuclear power plant accidents and incidents arising in the transportation or storage of radioactive 
materials; electrical power outages; and urban fIres, defIned as fIres occurring in, around, or on a structure or a 
vehicle inside the limits of an incorporated village or city; and 3) national security threats, including chemical and 
biological warfare; nuclear attack; sabotage and terrorism; and civil disturbances, including terrorist attacks, riots, 
labor stoppages resulting in violence, demonstrations resulting in police intervention and arrests, and disturbances 
at mass spectator events or at correctional or other detention facilities. Milwaukee County developed an 
emergency operations program which sets forth an "all hazards" action plan for the County, including the City of 
Milwaukee. It should be noted that the hazards considered by the County and in the integrated emergency 
operation program, with the exception of flood hazards, are not geographic in nature. Accordingly, no mapping of 
the other hazard areas is needed. 

In 2002, the City of Milwaukee developed a plan of work to prepare an all hazards mitigation plan for the City. 
That plan will integrate the flood mitigation measures being carried out by the City of Milwaukee, with measures 
designed for mitigating other natural hazards, where applicable. The City has applied to the Wisconsin 
Department of Military Affairs, Division of Emergency Management, for a hazard mitigation planning grant to 
partially fund this all hazards mitigation plan. 

'Hazard Analysis for the County of Milwaukee, Milwaukee County Sheriff, Division of Emergency Management, 
September 1998, 
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Chapter II 

BASIC STUDY AREA INVENTORY AND ANALYSIS 

Information on certain pertinent natural and built features and aspects of the study area is essential to sound flood 
mitigation planning. Accordingly, the collection and collation of definitive information regarding . basic 
demographic characteristics, existing and planned land use, surface-water-system characteristics, environmentally 
sensitive areas, existing floodland management regulations and programs, historical flooding problems, and recent 
flood events constitute an important step in the planning process. The resulting information is essential to the 
planning process, since sound alternative plans cannot be formulated and evaluated without an in-depth 
knowledge of the relevant conditions in the study area. 

POPULATION AND HOUSEHOLDS 

Because of the direct relationships that exist between resident population levels and land use patterns, an 
inventory and analysis of the existing and anticipated 2020 resident population and household levels in the City of 
Milwaukee, the Kinnickinnic River watershed, the Menomonee River watershed, the portion of the Milwaukee 
River watershed within the Southeastern Wisconsin Region, the Oak Creek watershed, the Root River watershed, 
and the portion of the Lake Michigan direct drainage area within Milwaukee County was performed as part of the 
preparation of this flood mitigation plan for the City. As indicated in Table 1, the resident population of the City 
is anticipated to remain stable, with a modest increase from the 1995 level of about 616,000 persons to a 2020 
level of about 637,000 persons, or by about 3.5 percent. Except for the Kinnickinnic River watershed, whose 
resident population is anticipated to remain stable between 1995 and 2020, the resident populations of the six 
drainage areas are all anticipated to increase during that time period. Between 1995 and 2020, the resident 
population of the Milwaukee County portion of the Lake Michigan direct drainage area is anticipated to increase 
by about 4.5 percent; the resident population of the Milwaukee River watershed within the Southeastern 
Wisconsin Region is anticipated to increase by about 6.9 percent; the resident population of the Menomonee 
River watershed is anticipated to increase by about 7.4 percent; the resident population of the Root River 
watershed is anticipated to increase by about 15.4 percent; and the resident population of the Oak Creek 
watershed is anticipated to increase by about 33.0 percent. The combined resident population of the six drainage 
areas is anticipated to increase by about 8.0 percent during that time period. 

The anticipated rate of growth in the number of households within the City of Milwaukee between 1995 and 2020 
is anticipated to increase by about 7.7 percent between 1995 and 2020. During that same time period, the number 
of households in the Kinnickinnic River watershed is anticipated to increase by about 2.2 percent and the number 
of households in the Milwaukee County portion of the Lake Michigan direct drainage area is anticipated to 
increase by about 5.3 percent. The numbers of households in the Menomonee River watershed, the Milwaukee 
River watershed within the Southeastern Wisconsin Region, the Root River wa~ershed, and the Oak Creek 
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Table 1 

POPULATION AND HOUSEHOLD LEVELS WITHIN THE CITY OF MILWAUKEE 
AND OF SELECTED DRAINAGE AREAS: 1995 AND 2020a 

Population Number of Households 

Area Existing Planned 1995-2020 Existing Planned 1995-2020 
1995 2020 Change 1995 2020 Change 

City of Milwaukee ................................................. 615,624 637,474 21,850 237,570 255,880 18,310 

Watershed Areas 
Kinnickinnic River Watershed ......................... 150,366 148,899 -1,467 60,383 61,712 1,329 
Menomonee River Watershed ........................ 324,954 349,157 24,203 127,988 142,698 14,710 
Milwaukee River Watershed (portion within 

Southeastern Wisconsin Region) ............... 480,494 513,597 33,103 182,550 205,655 23,105 
Oak Creek Watershed ...................................... 46,018 61,182 15,164 18,232 23,784 5,552 
Root River Watershed ..................................... 162,827 187,839 25,012 60,444 73,243 12,799 
Lake Michigan Direct Drainage Area 

(Milwaukee County portion) ....................... 66,171 69,167 2,996 27,152 28,604 1,452 

Total for Six Drainage Areas 1,230,830 1,329,841 99,011 476,749 535,696 58,947 

aFar the purposes of this table, municipal and drainage-area boundaries have been approximated by whole U.S. Public Land Survey 
one-quarter section. 

Source: SEWRPC. 

watershed are anticipated to increase by, respectively, about 11.5 percent, 12.7 percent, 21.2 percent, and 30.5 
percent. The number of households in the six drainage areas combined is anticipated to increase between 1995 
and 2020 by about 12.4 percent. 

LAND USE 

The existing 1995 land use pattern within the City of Milwaukee is graphically set forth on Map 2. The existing 
1995 land use pattern for the six drainage areas that lie partly within the City of Milwaukee is graphically set forth 
on Map 3. The areal extent of existing 1995 and planned 2020 land uses in 1) the City of Milwaukee and 2) each 
of the six drainage areas that lie partly within the City of Milwaukee are set forth, respectively, in Tables 2 
through 8. 

As indicated in Table 2, residential land uses comprise the largest area within a given land use category in the 
City under both 1995 and planned 2020 conditions, encompassing about 34 percent of the total area of the City in 
1995 and planned to encompass about 36 percent of the total area of the City in 2020. Lands in transportation, 
communication, and utility uses encompass the second-largest area within a given land use category in the City 
under both sets of conditions, encompassing about 28 percent of the total area of the City under actual 1995 
conditions and about 29 percent under planned 2020 conditions. Extractive, landfill, and other open non
agricultural lands, which encompass about 8 percent of the total area of the City and thus comprise the third
largest area within a given land use category in the City under actual 1995 conditions, are envisioned to 
encompass about 5 percent of the total area of the City and thus comprise the seventh-largest area within a given 
land use category under planned 2020 conditions. Industrial lands, which comprise the fifth-largest area within a 
given land use category under actual 1995 conditions, are envisioned to comprise the third-largest area within a 
given land use category under planned 2020 conditions, in both cases encompassing about 7 percent of the total 
area of the City. It is envisioned that more than three square miles of lands currently in agricultural or open uses, 
encompassing about 4 percent of the total area of the City, will be converted to urban uses between 1995 and 
2020. About 45 percent of the lands envisioned for such conversion are planned to be converted to residential 
uses, with most of the remainder envisioned to be converted to transportation, communication and utility, 
industrial, and recreational uses. 
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Map 2 

EXISTING LAND USE IN THE CITY OF MILWAUKEE: 1995 
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Map 3 

EXISTING LAND USE IN THE CITY OF MILWAUKEE AND ITS TRIBUTARY WATERSHEDS: 1995 
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Table 2 

LAND USE IN THE CITY OF MILWAUKEE BY ACREAGES: 1995 AND 2020a 

Existing Planned 1995-2020 
Land Use Category 1995 2020 Change 

Residential 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) .......... .. ° 0 0 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) ........ .. 363 683 320 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) .. . 3;795 4,168 373 

16,944 17,242 298 Urban High-Density (7.0-17.9 dwelling units per net residential acre) ...... .. 
~------~--------r-------~ 

Residential Subtotal 21,102 22,093 991 

Commercial ........................................................................................................ . 3,435 3,591 156 
Industrial ............................................................................................................. . 4,062 4,437 375 
Transportation, Communication, and Utilitiesb ............................................... . 17,076 17,553 477 
Governmental and Institutional ....................................................................... .. 4,195 4,195 ° Recreational ........................................................................................................ . 3,351 3,576 225 
Agricultural ......................................................................................................... . 1,062 676 -386 
Open Landsc .......................................... ; ............................................................. . 5,150 3,312 -1,838 
Wetlands ............................................................................................................. . 782 782 ° Woodlands .......................................................................................................... . 643 643 ° Surface Water ..................................................................................................... . 616 616 ° 

Total 61,474 61,474 ° 
aFor the purposes of this table, municipal boundaries have been approximated by whole U.S. Public Land Survey one
quarter section. 

bOff-street parking included with associated land use. 

clncludes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

SURFACE-WATER SYSTEM 

The City of Milwaukee lies entirely east of a major subcontinental divide that roughly bisects the Southeastern 
Wisconsin Region. The entire City is therefore tributary to the Great Lakes-St. Lawrence River drainage system. 
Except for those portions of the City that lie either 1) within the Milwaukee County portion of the Lake Michigan 
direct drainage area or 2) within the Oak Creek and Root River watersheds, all drainage within the City ultimately 
enters Lake Michigan at the mouth of the Milwaukee River. Within the Oak Creek and Root River watersheds, 
drainage from the City proceeds out of the City in southward and southeastward directions. 

Map 4 illustrates significant streams and lakes within the boundaries of the six drainage areas that lie partly within 
the City of Milwaukee. 

ENVIRONMENT ALL Y SENSITIVE AREAS AND OPEN SPACE PRESERVATION 

Many of the natural resource base elements of the City of Milwaukee occur in linear concentrations on the 
landscape. One of the most important tasks completed under the regional planning program for Southeastern 
Wisconsin has been the identification and delineation of these linear areas, or corridors. The most important 
elements of the natural resource base and closely related features, including wetlands, woodlands, prairies, 
wildlife habitat, major lakes, rivers, and streams and associated shorelands and flood lands, and historic, scenic, 
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Table 3 

LAND USE IN THE KINNICKINNIC RIVER WATERSHED BY ACREAGES: 1995 AND 2020a 

Existing Planned 1995-2020 
Land Use Category 1995 2020 Change 

Residential 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) ........... . 0 0 0 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) ......... . 131 134 3 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) .. . 1,184 1,227 43 
Urban High-Density (7.0-17.9 dwelling units per net residential acre) ....... . 

~--------~---------r--------~ 
4,473 4,483 10 

Residential Subtotal 5,788 5,844 56 

Commercial ........................................................................................................ . 920 949 29 
Industrial ............................................................................................................. . 
Transportation, Communication, and Utilitiesb ............................................... . 

1,145 1,243 98 
5,268 5,268 0 

Governmental and Institutional ........................................................................ . 1,255 1,271 16 
Recreationa I ........................................................................................................ . 716 716 0 
Agricultural ......................................................................................................... . 110 0 -110 
Open Landsc ....................................................................................................... . 927 838 -89 
Wetlands ............................................................................................................. . 49 49 0 
Woodlands .......................................................................................................... . 92 92 0 
Surface Water ..................................................................................................... . 140 140 0 

Total 16,410 16,410 0 

aFor the purposes of this table, watershed boundaries have been approximated by whole U.S. Public Land Survey 
one-quarter section. 

bOff-street parking included with associated land use. 

clncludes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

and recreational sites, when combined, result in an essentially linear pattern referred to by the Southeastern 
Wisconsin Regional Planning Commission (SEWRPC) as environmental corridors. Primary environmental 
corridors include a wide variety of important natural resource and related elements and are, by definition, at least 
400 acres in size, two miles long, and 200 feet wide. Secondary environmental corridors generally connect with 
the primary environmental corridors and are at least 100 acres in size and one mile in length. In addition, smaller 
concentrations of natural resource base elements that are separated physically from the environmental corridors by 
intensive urban or agricultural land uses have also been identified. These areas, which are at least five acres in 
size, are referred to as isolated natural resource areas. 

In any consideration of environmental corridors and important natural features, it is important to note that the 
preservation of such features can assist in the attenuation of flood flows. The drainage of wetlands, which are 
included in the corridors and natural resource areas, may destroy natural filtration and floodwater storage areas. In 
addition, the intrusion of intensive urban land uses into such areas may result in the creation of serious and costly 
problems, such as failing foundations for pavements and structures, wet basements, excessive operation of sump 
pumps, excessive clearwater infiltration into sanitary sewerage systems, and poor drainage. Similarly, destruction 
of ground cover may result in soil erosion, stream siltation, 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 and of itself be overwhelming, the 
combined effects must eventually lead to a serious deterioration of the underlying and sustaining natural resource 
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Table 4 

LAND USE IN THE MENOMONEE RIVER WATERSHED BY ACREAGES: 1995 AND 2020a 

Existing Planned 1995-2020 
Land Use Category 1995 2020 Change 

Residential 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) .......... .. 226 226 0 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) ........ .. 10,622 12,897 2,275 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) .. . 8,040 8,428 388 

6,479 6,607 128 Urban High-Density (7.0-17.9 dwelling units per net residential acre) ...... .. 
~--------r---------r-------~ 

Residential Subtotal 25,367 28,158 2,791 

Commercial ....................................................................................................... .. 3,076 3,581 505 
Industrial ............................................................................................................. . 3,949 4,496 547 
Transportation, Communication, and Utilitiesb .............................................. .. 13,224 13,625 401 
Governmental and Institutional ........................................................................ . 3,708 3,817 109 
Recreationa I ........................................................................................................ . 3,311 3,484 173 
Agricultural ......................................................................................................... . 17,194 15,837 -1,357 
Open Landsc ....................................................................................................... . 7,248 4,079 -3,169 
Wetlands ............................................................................................................. . 6,656 6,656 0 
Woodlands .......................................................................................................... . 2,140 2,140 0 
Surface Water ..................................................................................................... . 509 509 0 

Total 86,382 86,382 0 

aFor the purposes of this table, watershed boundaries have been approximated by whole U.S. Public Land Survey 
one-quarter section. 

bOff-street parking included with associated land use. 

clncludes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

base and of the overall quality of the environment for life. The need to maintain the integrity of the remaining 
environmental corridors 'and isolated natural resource areas in the City of Milwaukee should thus be apparent. 

Because environmental corridors and floodplain areas are generally linear in nature, many such areas in the 
greater Milwaukee area are located partly within the City of Milwaukee and partly outside the City's boundaries. 
Any viable approach to planning for these lands and other environmentally sensitive areas located partly or 
wholly within the City of Milwaukee must therefore encompass an area larger than the City alone. Such areas 
within the City of Milwaukee have therefore been encompassed within planning efforts undertaken by and for 
Milwaukee County, which has taken an active, primary role in preserving the environmental corridors and 
isolated natural resource areas within the City of Milwaukee as an integral part of the County's park and open 
space planning program. This program is set forth in the County's current park and open space plan,1 completed 
by the Regional Planning Commission in 1991 and adopted by Milwaukee County in 1992. Milwaukee County, 
has primary responsibility for parks and related open space sites located within the County, including such sites 
located within the City of Milwaukee. 

1SEWRPC Community Assistance Planning Report No. 132, A Park and Open Space Plan for Milwaukee County, 
November 1991. 
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Table 5 

LAND USE IN THE PORTION OF THE MILWAUKEE RIVER WATERSHED WITHIN 
THE SOUTHEASTERN WISCONSIN REGION BY ACREAGES: 1995 AND 2020a 

Existing Planned 
Land Use Category 1995 2020 

Residential 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) ............ 1,888 1,888 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) .......... 16,464 18,082 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) ... 9,746 11,020 
Urban High-Density (7.0-17.9 dwelling units per net residential acre) ........ 9,746 9,946 

Residential Subtotal 37,844 40,936 

Commercial ......................................................................................................... 3,587 4,011 
Industrial .............................................................................................................. 3,468 4,900 
Transportation, Communication, and Utilitiesb ................................................ 20,705 21,718 
Governmental and Institutional ......................................................................... 3,915 3,915 
Recreational ......................................................................................................... 5,323 5,650 
Agricultural .......................................................................................................... 128,009 126,956 
Open Landsc ........................................................................................................ 16,411 11.176 
Wetlands .............................................................................................................. 34,327 34,327 
Woodlands ........................................................................................................... 17,948 17,948 
Surface Water ...................................................................................................... 5,441 5,441 

Total 276,978 276,978 

1995-2020 
Change 

° 1,618 
1,274 

200 

3,092 

424 
1,432 
1,013 

° 327 
-1,053 
-5,235 

° 0 
0 

° 
aFor the purposes of this table, watershed-area boundaries have been approximated by whole U.S. Public Land 
Survey one-quarter section. 

bOff-street parking included with associated land use. 

clncludes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

Under full implementation of the park and open space plan for Milwaukee County, the important natural resource 
features in the County, including such features within the City of Milwaukee, would be protected and preserved 
for resource preservation and other open space purposes. As noted in the park and open space plan report, the 
primary environmental corridors in Milwaukee County are located primarily along the Lake Michigan shoreline; 
along the main stems of the Milwaukee River, the Menomonee and Little Menomonee Rivers, the Root River, and 
Underwood Creek; and along the lower reaches of Oak Creek and Honey Creek. Under the plan, these lands 
would be preserved in essentially natural, open space uses for resource preservation and limited outdoor 
recreation uses. 

Under the park and open space plan, it has been recommended that Milwaukee County continue to acquire 
primary environmental corridor lands, as well as certain flood lands that have been used for agricultural purposes, 
as part of the County's system of parkways. As a part of this recommendation, certain floodlands presently in 
agricultural use adjacent to primary environmental corridors are proposed for eventual restoration and inclusion as 
primary environmental corridor. As shown on Map 5, a total of about 10,300 acres would be located within the 
primary environmental corridor areas in Milwaukee County. 

Under the plan, it is recommended that all primary environmental corridor lands be preserved in essentially 
natural, open space uses through a combination of public ownership and public land use controls. The plan 
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'Table 6 

LAND USE IN THE OAK CREEK WATERSHED BY ACREAGES: 1995 AND 2020a 

Existing Planned 1995-2020 
Land Use Category 1995 2020 Change 

Residential 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) ........... . 0 0 0 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) ........ .. 1,261 1,993 732 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) .. . 2,319 2,604 285 

794 815 21 Urban High-Density (7.0-17.9 dwelling units per net residential acre) ...... .. 
~--------4----------r--------~ 

Residential Subtotal 4,374 5,412 1,038 

Commercial ........................................................................................................ . 556 732 176 
Industrial ............................................................................................................. . 825 1,317 492 
Tr'ansportation, Communication, and Utilitiesb ............................................... . 3,015 3,332 317 
Governmental and Institutional ........................................................................ . 613 613 0 
Recreational ........................................................................................................ . 543 606 63 
Ag ricu Itu ra I ......................................................................................................... . 4,012 3,307 -705 
Open Landsc ...................................................................................................... .. 2,344 963 -1,381 
Wetlands ............................................................................................................. . 656 656 0 
Woodlands .......................................................................................................... . 791 791 0 
Surface Water ..................................................................................................... . 24 24 0 

Total 17,753 17,753 0 

aFor the purposes of this table, watershed boundaries have been approximated by whole U.S. Public Land Survey 
one-quarter section. 

bOff-street parking included with associated land use. 

clncludes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

recommends that a total of about 8,200 acres, or about 80 percent of the planned primary environmental corridor 
lands in the County be preserved and protected through ownership by a public agency or private conservation 
organization. An additional 990 acres, or about 10 percent of the planned primary environmental corridor areas in 
Milwaukee County, are surface waters. The remaining 1,170 acres, or about 10 percent of the planned primary 
environmental corridors in the County, are held in private ownership. These corridor lands, under the plan, have 
been proposed to be protected and preserved in natural uses through public land use regulation. 

Secondary environmental corridors in Milwaukee County are located generally along small perennial and 
intermittent streams and drainageways. As shown on Map 5, a total of about 3,100 acres would be located in 
secondary environmental corridors. The plan recommends that a total of about 1,030 acres, or about 33 percent of 
the planned secondary environmental corridors in the County, be preserved and protected through ownership by a 
public agency. An additional 80 acres, or about 3 percent, of the planned secondary environmental corridor areas 
are surface waters. The remaining 1,990 acres, or about 64 percent of the planned secondary environmental 
corridors in the County, were held in private ownership and proposed to be preserved and protected in natural, 
open space uses through public land use regulation or acquired, as necessary, for urban stormwater detention 
areas, associated drainageways, or urban parks. 

Isolated natural resource areas, which consist primarily of wetlands and woodlands, are scattered throughout 
Milwaukee County. As shown on Map 5, a total of about 2,280 acres would be located in isolated natural resource 
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Table 7 

LAND USE IN THE ROOT RIVER WATERSHED BY ACREAGES: 1995 AND 2020a 

Existing Planned 1995-2020 
Land Use Category 1995 2020 Change 

Residential 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) .......... .. 40 66 26 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) ........ .. 12,051 13,565 1,514 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) .. . 7,272 8,027 755 
Urban High-Density (7.0-17.9 dwelling units per net residential acre) ...... .. 1,555 1,580 25 

r---------r---------r-------~ 
Residential Subtotal 20,918 23,238 2,320 

Commercial ........................................................................................................ . 1,683 1,886 203 
1,015 1,515 500 
9,708 10,397 689 

Industrial ............................................................................................................. . 
Transportation, Communication, and Utilitiesb ............................................... . 
Governmental and Institutional ........................................................................ . 1,755 1,795 40 
Recreationa I ........................................................................................................ . 3,003 3,036 33 
Agricultural ........................................................................................................ .. 67,226 66,566 -660 
Open Landsc ...................................................................................................... .. 7,553 4,428 -3,125 
Wetlands ............................................................................................................. . 6,690 6,690 ° Woodlands .......................................................................................................... . 5,046 5,046 ° Surface Water ..................................................................................................... . 983 983 ° Total 125,580 125,580 0 

aFor the purposes of this table, watershed boundaries have been approximated by whole U.S. Public Land Survey 
one-quarter section. 

bOff-street parking included with associated land use. 

clncJudes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

areas. The plan recommends that a total of about 440 acres, or about 19 percent of the planned isolated natural 
resource areas in the County, be protected through public ownership. An additional 110 ~cres, or 5 percent of the 
planned isolated natural resource areas in the County, are surface waters. The remaining 1,730 acres, or about 76 
percent of the planned isolated natural resource areas in the County, are envisioned under the plan to be hdd in 
private ownership and preserved in natural, open space uses through public land use regulation and considered for 
public acquisition as necessary for urban park and open space use. 

Floodland areas, while generally not well suited to urban development, often contain important elements of the 
natural resource base, such as wetlands and wildlife habitat areas, and therefore constitute important locations for 
open space lands, including parkways. Floodlands also provide storage for floodwaters and thereby decrease 
downstream flood discharges and flood stages. Thus, every effort should be made to discourage incompatible 
urban uses of floodlands while encouraging compatible natural, open, and parkway, including playfield, uses. 
Floodlands, excluding about 750 acres of surface water, encompassed about 9,650 acres, or about 6 percent of the 
area of the County at the time of the preparation of the County plan. 

Under the County plan, it is recommended that floodlands within the County be preserved in essentially natural, 
open uses or, if such floodlands were used for agricultural purposes at the time of the preparation of the plan, that 
such floodlands be maintained in agricultural use. Of the total 9,650 acres of floodlands in Milwaukee County, 
about 6,580 acres, or about 68 percent, were recommended to be in public ownership. Under the plan, about 3,070 
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Table 8 

LAND USE IN THE MILWAUKEE COUNTY PORTION OF THE 
LAKE MICHIGAN DIRECT DRAINAGE AREA BY ACREAGES: 1995 AND 2020a 

Existing Planned 1995-2020 
Land Use Category 1995 2020 Change 

Residentia I 
Suburban-Density (0.2-0.6 dwelling units per net residential acre) ........... . 230 251 21 
Urban Low-Density (0.7-2.2 dwelling units per net residential acre) ......... . 1,002 1,010 8 
Urban Medium-Density (2.3-6.9 dwelling units per net residential acre) .. . 1,437 1,543 106 

1,855 1,897 42 Urban High-Density (7.0-17.9 dwelling units per net residential acre) ....... . 
~--------~------~--------~ 

Residential Subtotal 4,524 4,701 177 

Commercial ........................................................................................................ . 276 318 42 
Industrial ............................................................................................................. . 460 499 39 
Transportation, Communication, and Utilitiesb ............................................... . 2,425 2,459 34 
Governmental and Institutional ........................................................................ . 608 609 1 
Recreationa I ........................................................................................................ . 769 864 95 
Agricultural ......................................................................................................... . 481 473 -8 
Open Landsc ....................................................................................................... . 1,848 1,468 -380 
Wetlands ............................................................................................................. . 73 73 0 
Woodlands .......................................................................................................... . 696 696 0 
Surface Water ..................................................................................................... . 91 91 0 

Total 12,251 12,251 0 

aFar the purposes of this table, drainage-area boundaries have been approximated by whole U.S. Public Land Survey 
one-quarter section. 

bOff-street parking included with associated land use. 

clncludes extractive lands, landfills, and other open lands. 

Source: SEWRPC. 

acres, or about 32 percent of the 9,650 acres of floodlands within the County, would remain in private ownership 
The Milwaukee County Board of Supervisors adopted the County park and open space plan subject to a 
modification concerning the acquisition of floodlands by the County. The modification provides that any of the 
land made available to Milwaukee County by the Milwaukee Metropolitan Sewerage District(MMSD) for flood 
control purposes shall be evaluated on a case-by-case basis. 

Map 5 graphically summarizes the recommendations of the adopted Milwaukee County park and open space plan. 
The open space, wetlands, and floodlands preservation recommendations set forth in this park and open space 
plan form an integral part of the flood mitigation plan for the City of Milwaukee. 

FLOODLAND MANAGEMENT AND RELATED REGULATIONS AND PROGRAMS 

Floodland management regulations and programs perform critical roles toward assuring that flood mitigation 
efforts are properly implemented. Pertinent regulations include the City of Milwaukee's floodplain zoning 
ordinance and stormwater management regulations. As noted in Chapter III of this report and as detailed in 
Chapters V and VII of this report, the Milwaukee Metropolitan Sewerage District is currently engaged in 
comprehensive, detailed flood management planning and plan implementation efforts. These work efforts by the 
MMSD include significant flood mitigation planning efforts for areas within the corporate limits of the City of 
Milwaukee. These latter efforts constitute current citywide flood mitigation planning program within the City. 
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Map 5 
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Floodplain Zoning Ordinance 
The City of Milwaukee has enacted a floodplain district zoning ordinance. This ordinance is intended largely to 
preserve floodwater conveyance and storage capacity of floodplain areas and to prevent the location of new flood
damage-prone development in flood hazard areas. Under the ordinance, designated floodplain areas within the 
City are divided into two districts: 1) a floodway district and 2) a flood fringe overlay district. Under the City's 
zoning code, a "floodway" is defined as "[a] designated portion of the regional flood that will safely convey the 
regulatory flood discharge with small, acceptable upstream and downstream stage increases, limited in Wisconsin 
to 0.1 feet unless special legal measures are provided. The floodway, which includes the channel, is that portion 
of the flood plain not suited for human habitation." The City zoning code defines a "regional flood" as "[a] flood 
determined to be representative of large floods known to have generally occurred in Wisconsin and which may be 
expected to occur on a particular stream because of like physical characteristics," and which has a flood frequency 
of once in every 100 years. The code defines a "flood fringe" as "[t]hat portion of the flood plain outside of the 
floodway which is covered by flood waters during the regional flood" and which is "generally associated with 
standing water rather than rapidly flowing water." 

The City floodplain zoning district ordinance states its purpose as follows: "Flood plain districts are intended to 
identify flood prone areas in the city for the purpose of establishing corrective and preventive measures to reduce 
flood damage, and to alert the public to the hazard it may face. Development in the flood plain will vary, 
depending on whether it is in a floodway area or a flood fringe area. The floodway, with its deep, fast moving 
waters, is limited primarily to the development of open space uses that will not impede the flow of water during 
periodic flooding and increase flood heights upstream. The flood fringe, with its shallow, slow-moving waters, 
allows the development of most types of uses if adequate floodproofing measures are followed and if uses will not 
reduce flood storage areas during periodic flooding and increase flood heights upstream. Development which in 
itself or in combination with existing or future similar uses would increase the regional flood elevation by one 
tenth of a foot is not allowed. Calculations for this purpose are made by applying the principles of equal degree of 
hydraulic and hydrologic encroachment." 

Under the ordinance, the following uses are permitted uses in designated floodway districts: 1) farming, truck 
gardening, and nurseries, but not structures; and 2) impoundments and wildlife preserves. In designated flood 
fringe overlay districts, the following uses are permitted uses: 1) uses permitted in floodway districts; 2) 
navigational structures; 3) water measurement and control facilities; 4) bridges; 5) marinas; 6) utility poles, 
towers, and underground conduits for transmission of electricity, telephone service, cable television service, 
natural gas, and similar products and services; 7) parks, playgrounds, and other recreational areas, except for 
campgrounds; 8) off-street surface parking and loading areas accessory to permitted uses in adjoining districts, 
but not sale or storage areas for new or used vehicles; 9) filling or dumping material in conjunction with the 
establishment of bulkheads or bridge approaches, as authorized by the WDNR; and 10) municipal water supply 
and sanitary sewerage systems, provided they are floodproofed and designed to eliminate or minimize infiltration 
of floodwater into the system. Under the ordinance, the second through the tenth use categories of permitted uses 
in flood fringe overlay districts are declared "special uses" in flood way districts. The City zoning code defines a 
"special use" as a use that is generally acceptable in a given zoning district but which, because of the use's 
characteristics and the characteristics of the zoning district in which it would be located, requires review on a 
case-by-case basis to determine whether, in any particular case, it should be permitted, conditionally permitted, or 
denied. 

In addition, the following uses are permitted uses in flood fringe overlay districts, provided the City of Milwaukee 
Commissioner of Neighborhood Services (formerly known as the Commissioner of Building Inspection) has 
determined that the use or improvement in question will not impede drainage or cause ponding, will not increase 
flood-flow velocities, will not increase the regional flood elevation, will not retard the movement of floodwaters, 
and will not diminish floodplain storage capacity, and that all permitted structures or uses in question are erected 
so as not to catch or collect debris or be damaged by floodwater: 1) residence, business, and manufacturing uses, 
as permitted in the underlying zoning districts and in accordance with ordinance requirements relating to placing 
such uses on fill or, in cases where existing streets or sewer lines are at elevations making compliance with the fill 
requirements impractical, relating to floodproofing of, and emergency access during floods to, the structures 
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involved; and 2) accessory uses as permitted in the underlying zoning districts, provided any accessory structures 
meet ordinance requirements designed to mitigate or prevent danger and damage arising from flooding. 

Under the ordinance, the following uses are prohibited uses in a flood way district: 1) dumping and filling not 
authorized by the WDNR, although incidental grading activities normally associated with the development of 
open space, outdoor recreation, yards, parking, or loading areas is permitted; 2) storage of material that is 
buoyant, flammable, explosive, or harmful to human, animal, or plant life; 3) solid waste disposal, soil absorption 
sanitary sewer systems, or construction of wells providing water for human consumption; and 4) all fill, 
structures, or other development that would impair floodwater conveyance by adversely increasing flood stages or 
velocities, or would itself be subject to flood damages. The third category of prohibited uses in floodway districts 
is also prohibited in flood fringe overlay districts. 

The ordinance also provides for the removal from flood way districts and flood fringe overlay districts of 
residence, business, and manufacturing uses that meet City zoning code requirements relating to 1) the placement 
of such uses on fill and 2) the making of appropriate zoning district boundary amendments, with such 
amendments being subject to notice and petition requirements, to the approval of the WDNR, to the receipt of an 
official letter of map amendment from the Federal Emergency Management Agency, Federal Insurance 
Administration, and to restrictions on any resulting increase in the regional flood elevation. 

Under the ordinance, development in floodway and flood fringe overlay districts may not adversely affect 
channels, floodways, or banks of any tributaries of the City'S watercourses or land outside the floodplain. The 
ordinance bans the use of any structure or land or the erection, alteration, relocation, extension, or substantial 
improvement of any structure in a flood way or flood fringe overlay district prior to the issuance of a City permit. 
The ordinance also declares that permit applicants have the responsibility for securing all necessary required local, 
State, and/or Federal permits. The ordinance also provides that no river or stream in the City may be altered or 
relocated until the City Common Council grants a floodplain district boundary amendment in accord with the City 
zoning code. 

Stormwater Management Regulations 
The City of Milwaukee's stormwater management regulations are set forth in Chapter 120 of the City code of 
ordinances. The stated purposes of that chapter include the following; 1) the promotion of the public health, 
safety, and general welfare; 2) the establishment of procedures to control the adverse impacts associated with 
stormwater runoff; 3) assistance in the attainment and maintenance of water quality standards; 4) reduction of the 
effects of development on land and stream channel erosion; 5) maintenance of runoff characteristics after 
development as nearly as possible to predevelopment runoff characteristics; and 6) the minimization of damage to 
public and private property. The regulations generally prohibit any person from discharging, spilling, or dumping 
substances or materials which are not entirely composed of stormwater into receiving bodies of water, storm 
sewers, or drainage facilities, or onto driveways, sidewalks, parking lots, or other areas that drain into the 
drainage system. The term "drainage system," as used in the regulations, is defined as "the collection and 
conveyance of storm water runoff, snow melt runoff, surface water runoff or other drainage from the land" and is 
declared to include "all drainage facilities, watercourses, waterbodies and wetlands." Certain activities are 
declared exempt from the general prohibition unless they are found to have an adverse impact upon stormwater. 
The exempt activities include 1) discharges authorized by a WDNR permit, 2) discharges resulting from fire
fighting activities, 3) discharges in compliance with the City's construction site erosion control ordinance, and 4) 
discharges from uncontaminated groundwater, potable water sources, roof drains, foundation drains and sump 
pumps, air-conditioning condensation, springs, lawn watering, individual residential car washing, water-main and 
hydrant flushing, and swimming pools if the water has been dechlorinated. The regulations prohibit connecting 
any wastewater building sewer or drain to the drainage system. 

The regulations also generally prohibit any person from proceeding with any residential, commercial, industrial, 
or institutional improvement or subdivision of property without having provided for appropriate stormwater 
measures that control or manage runoff from such development or redevelopment or future development of the 
subdivided property. Unless exempted or waived as provided in the regulations and as summarized below, any 
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such person must have a stormwater management plan prepared, submit the plan to the City for approval, and 
obtain such approval 1) before an existing drainage system is altered, rerouted, deepened, widened, enlarged, 
filled, or obstructed in preparation for improvement, 2) before or concurrent with the submittal and approval of an 
erosion and sediment control plan as specified in the City's construction site erosion control ordinance, or 3) 
before the improvement in question is commenced. The person involved is responsible for the implementation of 
the plan. 

Under the regulations, the following development activities are exempt from the stormwater management plan 
requirements: 1) development occurring within a gross aggregate area of less than one acre which is not part of a 
larger common plan of development or sale; 2) agricultural activities not associated with development; 3) 
maintenance of, alteration of, use of, or improvement to an existing structure or construction activity that does not 
significantly change or affect the water quality and hydrologic conditions of the surface-water discharge; 4) 
maintenance activities undertaken by any municipal, State, or Federal governmental agency; 5) stormwater 
management measures to be undertaken by the City of Milwaukee on an outfall in a specific watershed when the 
City Engineer has determined that a stormwater management plan need not be prepared; and 6) subdivision of 
lands having a gross aggregate area of less than five acres. The stormwater management regulations also provide 
that requests to waive the stormwater management plan requirements shall be submitted to the City Engineer. 
Under the regulations, the City Engineer is responsible for coordinating a review by City agencies of any such 
waiver request and may grant a waiver if the development in question is not likely to 1) increase or decrease the 
rate or volume of stormwater runoff, 2) have an adverse impact on a wetland, watercourse, or receiving body of 
water; 3) contribute to the degradation of water quality; or 4) otherwise impair attainment of the objectives of the 
City stormwater management regulations. 

The regulations also prescribe what must be contained in any City-required stormwater management plan, 
including certain general information as well as detailed descriptions of existing site conditions, proposed site 
alterations, predicted impacts from the proposed development on water quality and quantity, and best manage
ment practices proposed to be used for the protection of water quality. A City-required stormwater management 
plan, under the regulations, must also be accompanied by an irrevocable letter of credit, a certified check, or a 
surety bond to guarantee implementation and completion of the plan. The plan must also be accompanied by a 
second such guarantee to ensure that the facilities involved are maintained. This latter guarantee remains in effect 
until the facilities are recertified as required under the regulations. 

The Milwaukee Metropolitan Sewerage District has adopted a comprehensive rule designed to minimize the 
potential to increase flood risk due to development or redevelopment in the Districts service area. The rule applies 
to the City of Milwaukee and the communities which lie upstream of the City in the tributary watershed areas. 
The rule was in effect as of January 1, 2002, and provides for community ordinances which require the manage
ment of the volume and peak rate of stormwater flows from new development and redevelopment in such a way 
that peak flows in a watershed do not increase downstream flooding. The rule provides for flexibility in choosing 
the means to comply with the rule. Options include limiting stormwater runoff from new development or 
redevelopment to established acceptable release rates or development of regional or multiple site approaches 
designed to meet the rule objective. This rule should be an important component of a strategy to minimize the 
creation of new or increased flooding problems. 

Wetland and Floodplain Preservation Planning 
As previously discussed in this chapter, Milwaukee County has developed, and is responsible for implementing, 
specific plans for preserving wetlands and floodplains within the City of Milwaukee under the County's park and 
open space planning program. 

Other Related Regulations and Programs 
The City of Milwaukee has enacted a construction site erosion control ordinance based on a State model 
ordinance. 
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The floodplains in the City of Milwaukee are currently delineated and mapped as documented in the Federal 
Emergency Management Agency (FEMA) Flood Insurance Study (FIS) dated November 1987. Residents of the 
City are eligible to participate in the National Flood Insurance Program (NFIP). There are a number of completed 
activities which have modified the floodplain conditions in the City of Milwaukee. These include the removal of 
the North Avenue Dam, the completion of the Lincoln Creek flood control projects, the Menomonee River Valley 
Park flood control project, the Grantosa Creek detention basin, and the Southbranch Creek flood control project. 
In addition, other flood abatement projects are in the design stages. The City of Milwaukee Departments of Public 
Works and City Development are working cooperatively with the MMSD, the Milwaukee County Automated 
Mapping and Land Information System, and SEWRPC to develop updated hydrologic and hydraulic analyses and 
floodplain mapping to reflect current conditions. The City staff is then working to obtain necessary approvals 
from the Wisconsin Department of Natural Resources and FEMA, with the goal of having the resulting 
floodplains as the basis for the applicable flood insurance maps and floodplain zoning maps. 

In addition to the regulations and programs noted above, the MMSD, as noted previously and as detailed in 
Chapters V and VII of this report, is currently engaged in comprehensive, detailed flood management planning 
efforts intended to update and implement its 1990 watercourse system plan. These work efforts by the MMSD 
include significant flood mitigation planning efforts for areas within the corporate limits of· the City of 
Milwaukee. These latter efforts constitute the current citywide flood mitigation planning program within the City. 
In undertaking the updating and implementation of its watercourse system plan, the MMSD has recognized the 
importance of achieving consensus from all the major stakeholders involved regarding the goals and objectives of 
the planning effort as well as the need to obtain a final set of acceptable and implementable solutions for current 
flooding problems in each of the drainage areas involved. 

Accordingly, for each watershed located partly within the City of Milwaukee where flooding problems exist, the 
MMSD has formed a stakeholder group to facilitate this aspect of plan development. The stakeholder groups 
include representatives of the City of Milwaukee and other concerned local units of government as well as the 
WDNR and SEWRPC; and, as appropriate within particular watersheds, other public and/or private agencies and 
organizations, including environmental and neighborhood organizations and concerned private businesses. 
Stakeholder meetings have been held throughout the MMSD's process of developing alternatives for flood 
management within each area involved in order to obtain feedback regarding proposed solutions to flooding 
problems. Stakeholder meetings have been held for each area involved since 1998 and continue to be held through 
the plan development process. 

In some municipalities, the MMSD has also held community workshops to obtain community input regarding 
possible solutions to flooding problems in the context of what· kind of community resource area residents-not 
just flood victims, but all residents involved--desire regarding their watercourse as a community resource. In 
some cases, the MMSD has held a number of special technical meetings with technical representatives from 
concerned communities as well as from the WDNR, SEWRPC, and Milwaukee County. 

In addition to other meetings with representatives of the local communities involved and other agencies, the 
MMSD has participated in a series of meetings with the Southeastern Municipal Executives (SEME). These 
meetings, facilitated by SEWRPC, have focused on identifying common goals and intergovernmental efficiencies 
to produce a more effective set of solutions to flooding problems. 

Throughout this public involvement process, potential solutions have been developed with input from major 
stakeholders. Various solutions and scenarios have been presented and feedback has been sought regarding their 
acceptability. The process has also considered and, as appropriate, incorporated the objectives of concerned local 
agencies and the authority and policy decisions made by the MMSD. 

With regard to public informational and educational efforts applicable to flood mitigation in the City of 
Milwaukee, the Milwaukee County Sheriffs Depaltment, Division of Emergency Management, has had prepared 
and distributes a booklet, The Dry Facts: Protecting Your Home From Flood-Related Damage (see Appendix A). 
This booklet sets forth a variety of potential self-help measures and other information useful to Milwaukee 
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County homeowners with regard to mitigating or preventing flood damage to residences and personal property 
inside residences. The booklet also provides basic information about flood warnings, as well as NFIP and various 
Federal and State aid programs that become available to flood victims upon the issuance of a Presidential 
declaration for the affected area. In addition, to the booklet, a corresponding videotape is available through the 
Milwaukee County Federated Library System. The Milwaukee County Sheriff's Department, Division of 
Emergency Management, also makes the videotape available upon telephone request. 

HISTORICAL FLOODING PROBLEMS 

As noted in Chapter I of this report, a number of major flooding events, including several that caused significant 
damage, have been recorded in the area now encompassed by the City of Milwaukee, as well as in the drainage 
areas partly encompassed within that area, since the areas involved were settled by Europeans in the 19th century. 
The earliest major flood event of record within any of the drainage areas that lie partly within the City for which 
any significant amount of information is available is that of March 1897, which involved inundation along an 
approximately 1.7-mile-Iong reach of the Menomonee River beginning just north of present-day W. Wisconsin 
Avenue in Milwaukee County and extending downstream into the Menomonee River industrial valley. The peak 
stage of the Menomonee River rose above the first and, in some cases, even the second, floors of some houses, 
and floodwaters completely surrounded the shop of the Chicago, Milwaukee & St. Paul Railroad in the 
Menomonee River industrial valley. Considerable economic loss was incurred. A March 1912 flood event in the 
Kinnickinnic River watershed, the earliest major flood of record within the watershed for which any significant 
amount of information is available, was caused by snowmelt. Damage caused by this flood was concentrated in 
the O.77-mile-Iong reach of the Kinnickinnic River between present-day S. 6th Street and present-day S. 16th 
Street. Damage to homes along the reach involved totaled thousands of dollars, with floodwaters reported above 
the windowsills of some of the structures. Various outbuildings were demolished and carried away by the 
floodwaters. The absence of flood damage elsewhere in the watershed probably reflects the fact that urban growth 
in the watershed as of 1912 had encompassed only approximately the northeastern one-third of the watershed. 

A June 1917 flood caused extensive damage in the lower Menomonee River watershed, particularly in the 
Menomonee River industrial valley. The Menomonee River floodplain below what is now the Wisconsin Avenue 
viaduct was subjected to very serious flooding that drove almost every resident there from the area. Several 
businesses with major facilities in the Menomonee River industrial valley, including the Chicago, Milwaukee, St. 
Paul & Pacific Railroad and The Falk Corporation, incurred significant flood damage. In addition, the flood event 
caused problems farther upstream along the Menomonee River and Honey Creek. Judging from historical 
accounts, there was also serious flooding in the Kinnickinnic River watershed, including flooding in an area 
encompassing several square blocks and occurring due to a stormwater drainage problem near the eastern edge of 
the watershed and immediately northwest of Humboldt Park. A portion of the roadway at the intersection of S. 
Howell Avenue and E. Oklahoma Avenue was also washed out. A January 1938 flood, while significant, is 
known to have affected only scattered areas along the lower Kinnickinnic River and along Wilson Park Creek. 
The Kinnickinnic River overflowed its banks near a railway bridge crossing over it at S. 18th Street extended, 
depositing large blocks of ice on the tracks, and flooded a railroad bridge located directly west of S. 20th Street. 
The latter structure was threatened by large blocks of ice pushed against the bridge pilings by floodwaters. Wilson 
Park Creek inundated a seven-block segment of W. Howard Avenue between S. 20th Street and S. 27th Street. 
Although this flood occurred in January, it was attributed to the occurrence of heavy rainfall. 

Another major flood event in the Menomonee River watershed occurred in June 1940. This event apparently 
approached but did not equal the severity of the June 1917 flood, inundating and causing damage to areas 
primarily along the Menomonee River with scattered occurrences of flooding also reported along Honey Creek, 
Underwood Creek, and the Little Menomonee River. The S. 84th Street bridge over Honey Creek in the City of 
Milwaukee was washed out. Some of the reported problem areas were located west and north of the limits of 
urban development within the area as of 1940. The occurrence of reported flood problems outside of the urban 
area is attributable to the fact that the rural-area problems involved primarily damage to and the closing of river 
crossings and riverine-area roadways. The residential area known as the Valley Park neighborhood, located near 
the Menomonee River beneath the Wisconsin Avenue viaduct, once again suffered major flood damage, including 
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damage caused when basements were flooded by sewer backup and overland flow and some vehicles were 
inundated to window level. Farther upstream, high and rapidly moving floodwaters destroyed part of a brick 
building located at N. 46th Street and W. State Street in the City of Milwaukee. Near the confluence of the 
Menomonee and Little Menomonee Rivers in the City, rising floodwaters forced the closure of short segments of 
N. Mayfair Road (STH 100) and W. Hampton Avenue, both of which have since been rebuilt at higher grades in 
the area involved. While there were no further flood problems reported along the Menomonee River upstream of 
its confluence with the Little Menomonee River, road closings were reported along the latter at W. Silver Spring 
Drive and at W. Appleton Avenue (USH 41), both of which have also since been reconstructed at higher grades. 

In late March and early April 1960, serious flooding occurred in the Kinnickinnic River and Menomonee River 
watersheds as the result of a snowmelt-rainfall event. The event caused widespread damage in the City of 
Milwaukee along the Kinnickinnic River and scattered problems in the City along Wilson Park Creek. The spatial 
distribution of riverine areas affected by the flood, when compared with historical urban growth patterns in the 
Milwaukee area, indicate a close correlation between the flood damage areas and the extent of urban development 
in the area as of 1960 .. While the damage resulting from previous major floods in the Kinnickinnic River 
watershed had been concentrated in the downstream one-third of the basin, the March-April 1960 flood caused 
problems along the Kinnickinnic River as far west as S. 43rd Street and along Wilson Park Creek as far south as 

"General Mitchell Field (now General Mitchell International Airport). Flood inundation and damage, including 
flooding of basements of residential and commercial structures in the area and the inundation of a 0.75-mile-Iong 
section of Chicago & North Western Railway (now Union Pacific Railroad) trackage paralleling and lying 
approximately 1.5 blocks south of the Kinnickinnic River, occurred along and immediately south of the 
Kinnickinnic River reach bounded by S. 6th Street and S. 16th Street. Farther upstream along the Kinnickinnic 
River, between S. 16th Street and S. 20th Street, floodwaters overtopped the Chicago & North Western Railway 
trackage, sidewalks were washed out, and debris was deposited on lawns and streets. Still farther upstream, 
basement flooding was reported in homes along W. Manitoba Street between S. 31st Street and S. 35th Street. 
Collapsed basement walls were reported for two homes in this area. Upstream of S. 35th Street, the Kinnickinnic 
River overflowed its banks and inundated portions of Jackson Park. However, because of the compatible open 
space use of the floodplains there, no significant damage or disruption was reported there. Stormwater inundation 
occurred on the City of Milwaukee-City of West Milwaukee border along W. Lincoln Avenue, north of the 
Kinnickinnic River, between S. 37th Street and S. 43rd Street. Street flooding was reported and several buildings 
incurred damage as a result of basement flooding in that area. Scattered instances of localized flooding and 
stormwater inundation were also reported along Wilson Park Creek or tributaries to it. 

The March-April 1960 flood event also caused widespread damage in low-lying areas along the Menomonee 
River in Milwaukee and Waukesha Counties and along Underwood Creek in Waukesha and Milwaukee Counties. 
In addition, serious flooding occurred along Honey Creek in the City of West Allis as a result of the flood event. 
In the City of Milwaukee, flood inundation and damage in the Menomonee River industrial valley were extensive; 
large areas were inundated and high monetary flood damages occurred. The U.S. Department of Agriculture, Soil 
Conservation Service (now the Natural Resources Conservation Service), estimated flood damages in the 
Menomonee River watershed for the March-April 1960 flood at about $2.9 million. Included among these 
estimated damages were damages to several houses in the vicinity of the W. Wisconsin Avenue viaduct and 
damages to industrial plants in the lower Menomonee River valley. The latter area was indicated as the 
predominant area of damage resulting from the flood event. In the valley, the Thiele Tanning Company 
experienced flooding to a depth of two feet and incurred extensive damage. At the plant of The Falk Corporation, 
the Menomonee River flowed onto its floodplain, entered the Falk property from the west end, and crested at an 
elevation four to seven feet above the grades of the land surrounding the buildings and the first floors within the 
buildings. Floodwaters completely surrounded the Falk facilities and, as a result of overland flow and sewer 
backup, the interior of the plant was flooded. Three weeks passed before even part of the plant was back in 
operation. The Falk Corporation thus incurred about $1.3 million in losses. As a result of these losses, extensive 
flood control measures were subsequently taken by the company, including the construction of a concrete 
flood wall along the west end of the property and a sheet pile floodwall along the Menomonee River on the south 
side of the Falk property and along the east edge of the grounds. These works, in combination with a concrete 
wall on the north that existed prior to the March-April 1960 flood, have prevented inundation of the Falk plant 
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and grounds in subsequent floods, one of which-the April 1973 flood-peaked about two feet higher at the Falk 
plant than did the March-April 1960 flood. The Chicago, Milwaukee, St. Paul & Pacific Railroad yards and 
engine shops located in the valley were also flooded; up to one foot of water was reported in the shops. After the 
March-April 1960 flood, the City of Milwaukee Sewerage Commission and the Metropolitan Sewerage 
Commission constructed a sheet pile floodwall along the east bank of the Menomonee River and at the west edge 
of the railway property, and also deepened and widened the River channel. The railway constructed a 3,000-foot
long earthen dike along the south limits of the railway property extending from the downstream terminus of the 
sheet pile floodwall to the upstream end of the Falk flood wall. The sheet pile floodwall and the earthen dike, in 
combination with the protection provided by similar flood control works at the Falk site, have prevented 
inundation of the railway yards during subsequent flood events, including the April 1973 flood. 

No major damage was reported farther upstream in the residential area near the W. Wisconsin Avenue crossing of 
the Menomonee River. As noted above, this area was the site of extensive damage during earlier floods. Although 
scattered problems involving flooded basements, closed roadways, and stranded motorists were reported in the 
March-April 1960 flood event, those problems were minor compared with the damage caused by previous flood 
events in the area. The cessation of flood problems in the area was attributed primarily to the extensive channel 
improvements from N. 43rd Street to N. 45th Street, initiated in 1940, and to previously completed work on a 
section of the Menomonee River immediately downstream extending from N. 43rd Street to the present East-West 
Freeway. These modifications included channel straightening, widening, and lowering, and the placement of 
masonry sidewalls. 

An August 1960 flood event caused extensive flooding along the Kinnickinnic River downstream of S. 43rd 
Street. The resulting damage in terms of areas affected was very similar to that experienced along the River as a 
result of the March-April 1960 event. The Kinnickinnic River overtopped the S. 12th Street bridge and damaged 
sidewalks that had been replaced as a result of the March-April 1960 flood. A portion of the flood flow from the 
Kinnickinnic River was diverted from the stream at W. Montana Street extended and flowed five blocks in an 
easterly direction along the Chicago & North Western Railway right-of-way to S. 12th Street, where the flow 
turned northward, moving about two blocks along S. 12th Street to rejoin the Kinnickinnic River. Considerable 
flood damage occurred in basements located along this route, including damage to appliances and other contents. 
Farther upstream, residential structures along W. Manitoba Avenue again experienced flood damage, again 
similar to the damage incurred in that area as a result of the March-April 1960 event. Numerous basements were 
flooded and at least one incident of basement wall collapse was reported. In addition, as in the March-April 1960 
event, W. Lincoln Avenue between S. 37th Street and S. 43rd Street was inundated, and scattered instances of 
flooding or stormwater inundation were reported along Wilson Park Creek. 

A September 1972 flood event caused by a relatively large quantity of rainfall occurring under high antecedent 
moisture conditions resulted in significant flood damage and disruption in the Kinnickinnic River watershed 
within the City of Milwaukee. Most of the damage and disruption involved was confined to the reach of the 
Kinnickinnic River between S. 6th Street and S. 16th Street in the City. The flood problems were restricted 
largely to this reach because of the considerable channel modifications that had been completed by this time 
within the watershed on the Kinnickinnic River, Wilson Park Creek, Lyons Park Creek, and other tributaries, 
thereby providing for the control of the relatively high flows that were experienced. Floodwaters overtopped the 
low point of the roadways of the 10 bridges that then crossed the Kinnickinnic River beginning with and 
including S. 7th Street and extending through S. 15th Street. Overland flooding occurred on both sides of the 
River between S. 6th Street and S. 15th Street, extending as much as about one city block away from the River. 
Because of secondary flooding, the areal extent of the effects of flooding undoubtedly extended outside the area 
affected by the overland flooding. In addition to damage to residential buildings, both structural damage and 
damage to contents were sustained by and in commercial buildings. Farther upstream, the City of Milwaukee 
Bureau of Engineers reported that floodwaters overtopped the S. 43rd Street bridge over the Kinnickinnic River in 
the City. However, except for the flood damage and disruption in the reach of the River from S. 6th Street to S. 
16th Street, no other serious flood problems were reported in the Kinnickinnic River watershed as a result of the 
September 1972 flood event. Significantly, the area along and near the River between S. 16th Street and S. 43rd 
Street, which had experienced serious flood damage and disruption during previous major flood events, did not 
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incur any serious flood problems as a result of the September 1972 event, even though the flood flows generated 
by the earlier floods were probably of the same order of magnitude as that generated in the September 1972 flood. 
The absence of flood problems along the S. 16th Street-So 43rd Street reach of the Kinnickinnic River probably 
reflects the effectiveness of the massive channel improvements made to the River in that reach between 1960 and 
1965. 

An April 1973 major flood event caused flood problems throughout most of the seven-county Southeastern 
Wisconsin Region, with certain areas, such as the Kinnickinnic River and Menomonee River watersheds, 
experiencing severe flood damages. The flooding that occurred was somewhat more serious than what would 
ordinarily be expected under the relatively moderate levels of rainfall involved because of the existence of very 
wet antecedent moisture conditions. 

Measured by the spatial extent of the flood damage and disruption resulting from the event, the April 1973 flood, 
which within the Kinnickinnic River watershed had a recurrence interval of about 60 years, was not the most 
serious flood experienced in the Kinnickinnic River watershed, since the causative rainfall was less severe over 
that watershed than it was over other parts of Southeastern Wisconsin, such as the Menomonee River watershed. 
In addition, by this time, as noted above, considerable channel modifications had been completed within the 
Kinnickinnic River watershed on the Kinnickinnic River, Wilson Park Creek, Lyons Park Creek, and other 
tributaries, thereby again providing for the control of the relatively high flood flows that were experienced. 
Within the watershed, major damage and disruption attributed to the flood were confined to the S. 6th Street-So 
16th Street reach of the Kinnickinnic River in the City of Milwaukee, although damage also occurred at General 
Mitchell Field. Although major channel modifications had been completed throughout the aforementioned 
Kinnickinnic River reach in 1961, the modified channel in combination with the 13 stream crossings then in the 
reach did not have sufficient capacity to convey the 1973 flood flows within the channel banks. As a result, 
floodwaters overtopped the low point of the roadways of all 11 bridges then crossing the Kinnickinnic River 
beginning with and including S. 7th Street and extending through S. 15th Place. Accordingly, overland flooding 
occurred on both sides of the River between S. 6th Street and S. 16th Street, extending as much as 700 feet, or 
more than one city block, away from the River. The areal extent of the effect of flooding undoubtedly extended 
outside the area affected by the overland flooding in the form of secondary flooding. Many residential and 
commercial buildings in the area of overland flooding incurred both structural damage and damage to contents as 
a result of basement or first-floor flooding. Extensive monetary losses occurred in the case of some individual 
structures, including a $16,000 loss resulting from damage to the inventory of a pharmacy located less than one
half block from the Kinnickinnic River. In addition, an isolated incident of flood damage occurred at General 
Mitchell Field, where a concrete box drainage structure beneath a taxiway in the northwestern comer of the 
airport suffered serious damage as a result of high stormwater flows. 

Except for the serious flood damage and disruption that occurred in the S. 6th Street-So 16th Street reach of the 
Kinnickinnic River, no serious flood problems were reported in the Kinnickinnic River watershed as a result of 
the April 1973 flood event. Significantly, the area along and near the River between S. 16th Street and S. 43rd 
Street, which had experienced serious flood damage and disruption during the major flood events of 1912, 1917, 
1938, and 1960, did not exhibit any flood problems as the result of the April 1973 flood event, even though the 
flood flows generated by the aforementioned earlier flood events were probably of the same order of magnitude as 
that of the April 1973 flood. As in the case of the September 1972 flood event, the absence of flood problems 
along the S. 16th Street-So 43rd Street reach of the River in the April 1973 flood event probably reflects the 
effectiveness of the massive channel improvements made to the River in that reach between 1960 and 1965. 

The April 1973 flood event, which illustrates the extreme sensitivity of rainfall-induced floods to antecedent 
moisture conditions in the Menomonee River watershed, was the most severe flood event recorded up to that time 
in that watershed in terms of damage and disruption. In that flood event, moderate rainfall volumes occurred over 
the entire watershed under very wet antecedent moisture conditions. Although the event caused flood problems 
throughout most of the urban area of the watershed, which at the time of the event encompassed about 54 percent 
of the total area of the watershed, the damage and disruption within the watershed arising from the event were 
most serious along Underwood Creek in the Village of Elm Grove and along the Menomonee River in the City of 
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Wauwatosa. In addition, significant damage and disruption and/or significant overland flooding occurred in the 
Cities of Mequon and Wauwatosa and the Villages of Germantown and Menomonee Falls as a result of the April 
1973 flood event. However, the flood event had little impact on the other riverine-area communities in the 
watershed, including the City of Milwaukee: The general absence of significant flood problems in these 
communities in the April 1973 flood event is primarily attributable to the presence of structural flood control 
works that protected riverine-area residential, commercial, and industrial development. Thus, largely as a result uf 
channel modifications and sheet steel floodwalls completed by the City of Milwaukee Sewerage Commission and 
the Metropolitan Sewerage Commission between 1962 and 1968 along the 1.5-mile reach of the Menomonee 
River from the Chicago, Milwaukee, St. Paul & Pacific Railroad yard in the Menomonee River industrial valley 
upstream to about N. 45th Street in the City of Milwaukee, the April 1973 flood there was confined to the channel 
area. Similarly, a sheet steel floodwall constructed along the Menomonee River by The Falk Corporation in 1962 
prevented flooding at the company's location, even though the peak stage of the April 1973 flood was about two 
feet higher than that of the March-April 1960 flood, which caused The Falk Corporation to suffer extensive 
losses. It is important, however, to recognize that there were and are areas in the Menomonee River watershed 
that continue to experience localized stormwater problems. 

Based on an analysis of streamflow records available for the Menomonee River at Wauwatosa since October 
1961, the July 1964, September 1972, and April 1973 floods in the Menomonee River watershed had recurrence 
intervals of seven, nine, and 95 years, respectively. 

An August 1986 storm event centered in a one- to four-mile-wide band extending northwesterly from the City of 
Oak Creek through General Mitchell International Airport to the northern portion of the City of Wauwatosa near 
Lawrence J. Timmerman Airport resulted in a storm total rainfall of 6.84 inches in 24 hours, the single-day record 
at the General Mitchell International Airport recording station. The rainfall recorded at the airport had a 
recurrence interval of about 500 years and the resultant flood peak of 10,600 cubic feet per second is estimated to 
have had a recurrence interval greater than 500 years. Widespread flooding occurred in the Mitchell International 
Airport area and closed the airport. The overall flooding attendant to the storm event caused great damage, 
including severe damage along the reach of the Kinnickinnic River between S. 6th Street and S. 16th Street in the 
City of Milwaukee. However, as detailed in Chapter IV of this report, the August 1986 rainfall event-an event 
virtually centered on the Kinnickinnic River watershed, and whose 24-hour rainfall was estimated to have a 
recurrence interval of about 300 years and whose heaviest three-hour rainfall was estimated to have a recurrence 
interval exceeding 500 years--caused an area of inundation along this reach of the River: that was substantially 
smaller than the area along the same reach that was inundated in the April 1973 flood event. The substantial 
differences in the areas of inundation may be attributed to the proper performance of significant channel 
improvements implemented between the time from 1973 to 1986. A 100-year recurrence interval storm-a design 
storm-would have been contained within the limits of the improved channel. It is clear that the flood control 
improvements involved functioned as designed to significantly reduce flood damages in the August 1986 storm, 
and serve to eliminate damages from floods up to and including the 100-year recurrence interval flood. 

In the August 1986 flood event, significant flooding impacts also occurred along Wilson Park Creek, located in 
the Kinnickinnic River watershed. Other areas that were significantly affected included the near northwestern 
portion of the City of Milwaukee, including the area along the Menomonee River and Woods Creek adjacent to 
Milwaukee County Stadium. Severe basement flooding due to sewer backup was experienced in numerous areas 
in the Menomonee River and Kinnickinnic River watersheds that are remote from streams. 

With regard to the Milwaukee River watershed, the studies performed in the preparation of the initial 
comprehensive plan for the watershed adopted by SEWRPC in 1972,2 as well as research performed under 
subsequent related planning efforts, indicated that up to and including 1971, five major flood events occurred 

2SEWRPC Planning Report No. 13, A Comprehensive Plan for the Milwaukee River Watershed, Volume One, 
Inventory Findings and Forecasts, December 1970, and Volume Two, Alternative Plans and Recommended Plan, 
October 1971. 
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within the watershed since its settlement by Europeans: one in March 1918, one in August 1924, one in March 
1929, one in March 1959, and one in March~April 1960. Although no significant widespread damage occurred as 
a result of these flood events in areas then or now located within the City of Milwaukee, the historical experience 
with flooding in the portion of the Milwaukee River watershed located within the City includes flooding along the 
3. I-mile-long reach of the River extending from the site of the North Avenue Dam to the mouth of the River. The 
damages associated with such flooding have been relatively very minor in the reach involved, being limited to 
minor damage due to basement seepage in structures along the River and to the backup of sewers within the 
downtown area of the City. Some shallow inundation of low-lying street intersections located relatively close to 
the Milwaukee River reach involved has also occurred. 

No historical flood damages are known to have occurred along the approximately three-mile-long reach of the 
Milwaukee River extending from the North Avenue Dam to Estabrook Park. The riverbanks along this reach are 
generally high, and a considerable proportion of the stream banks is devoted to park or other open space uses. 

In the August 1924 flood event, portions of the 2.1-mile-long reach of the Milwaukee River extending from 
Estabrook Park to W. Silver Spring Drive experienced very high water levels, as evidenced by reported high
water marks. At the peak flood stage at the W. Silver Spring Drive crossing of the River, located in the present
day City of Glendale, the water level of the River was about 11 feet above normal stage and only about 2.4 feet 
below the crown of the road over the bridge. Much of the potential for damage in the reach involved was 
eliminated, however, by the implementation in 1937 of channel improvements between Lincoln Park and N. Port 
Washington Road. Basement flooding has also been experienced in the past along this reach of the River due to 
stormwater drainage problems not directly related to the flood stages of the Milwaukee River. Remedial measures 
were implemented by the City of Milwaukee to alleviate the surface-drainage problems that caused this basement 
flooding. 

The Milwaukee River has experienced flood stages in the City of Milwaukee during approximately one-half of 
the 68 years of record from 1914 through 1981 kept at the Estabrook Park stream-gaging station. Floods of 
moderate severity occurred in 1959 and in 1960, with the 1959 flood having a lO-year recurrence interval and the 
1960 flood being slightly larger. The aforementioned major flood events in tne watershed that occurred in 1918 
and 1924 were each nearly as severe as a 100-year recurrence interval event, both having a recurrence interval of 
about 77 years in the City of Milwaukee. 

Flooding,. in various degrees, has long commonly occurred adjacent to Lincoln Creek, which is tributary to the 
Milwaukee River and whose subwatershed is located largely within the City. Flooding along Lincoln Creek has 
increased proportionally to the conversion of land within its subwatershed from open, rural use to urban use. 
Subsequently, channel improvements and bridge replacements have been implemented to accommodate the 
increased flows. During the period from 1960 through 1981, the four largest flood events of record along Lincoln 
Creek occurred in 1964, 1968, 1972, and 1973. The major consequences of these and other runoff events along 
Lincoln Creek have been flooding of roadways and underpasses, first-floor flooding of buildings, and basement 
flooding caused by sewer backup. Over the period from 1960 through 1975, more than 1,300 separate flooding 
and water-related problems were reported to the City of Milwaukee by property owners in the Lincoln Creek area, 
The problems thus reported included first~floor inundation, yard flooding, and basement flooding, with the most 
common complaint being basement flooding. Studies and planning efforts completed subsequent to SEWRPC's 
preparation and adoption of its initial plan for the Milwaukee River watershed-including the SEWRPC study 
undertaken to develop the detailed flood control plan for Lincoln Creek3 that was adopted by SEWRPC in 1983 as 
an amendment to its comprehensive plan for the Milwaukee River watershed--have identified the Lincoln Creek 
subwatershed area in the City of Milwaukee as a specific problem area, with over 1,600 structures currently 
located within the flood hazard area. 

3SEWRPC Community Assistance PLanning Report No. /3 (2nd Edition), Flood Control Plan for Lincoln Creek, 
Milwaukee County, Wisconsin, September /982. 
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Within the portion of the Oak Creek watershed that is located within the City of Milwaukee, historical flood 
damages have been limited to an area along the North Branch of Oak Creek located east of S. 13th Street and 
north of W. College Avenue. One commercial building, two industrial buildings, and one residential building are 
currently located within this area. 

Neither any historical flood damages nor any current flood problem areas have been identified within the portions 
of the Root River watershed that are located within the City of Milwaukee. In the portion of the Lake Michigan 
direct drainage area that is located within the City, flooding problems are relatively minimal. 

DESCRIPTION OF RECENT FLOOD EVENTS 

As also noted in Chapter I of this report, major flooding occurred in 1997, 1998, and 2000 within the City of 
Milwaukee and some of the drainage areas that lie partly within its boundaries. These flood events, which are 
signifi.cant with regard to the current flood mitigation planning effort for the City, include the following: 
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• The event of June 20-21, 1997, when a period of moderate rainfall followed by intense thunderstorms 
centered in northern Milwaukee County resulted in at least four inches of rain across the County, with 
much of the County receiving at least six inches of rain. More than nine inches of rain was recorded 
in the Village of Brown Deer. Severe localized damage occurred in Brown Deer, the City of West 
Allis, and the Lincoln Creek area of the City of Milwaukee. The reach of Lincoln Creek between N. 
37th Street and N. 60th Street in the City experienced significant flooding and stormwater drainage 
problems during the flood event. Of the total of 1,510 flooding complaints received by the City in the 
one-week period following the flood event, about 980, or 65 percent, occurred with regard to the 
Lincoln Creek subwatershed. Severe, direct overland flooding also occurred in several other areas, 
including areas along the Menomonee River in the Cities of Milwaukee and Wauwatosa. Sewer 
backup flooding was reported in the Kinnickinnic River watershed, but no damages resulting from 
overbank flooding along waterways in that watershed were reported. There were, however, numerous 
occurrences of stormwater drainage and sanitary sewer backup problems in communities located 
throughout the areas of heavy rainfall. 

Estimated flood damages during the June 1997 event were $78.0 million in Milwaukee County. 
Assistance received by the City of Milwaukee through the FEMA and State Hazard Mitigation 'l-nd 
Public Assistance programs administered by the Wisconsin Department of Military Affairs Division 
of Emergency Management associated with this event totaled about $1,122,000 under the' FEMA 
Hazard Mitigation program and $1,412,000 under the FEMA Public Assistance program. 

• The event of July 2, 1997, a "follow-up" storm to the June 20-21, 1997, storm event, involved as 
much as four inches of rain, but resulted in little additional property damage. 

• The event of August 6, 1998, in which over six inches of rain in northwestern Milwaukee County and 
eastern Waukesha County fell, resulting in severe, direct overland flooding in a second consecutive 
year along Lincoln Creek in the City of Milwaukee as well as along the Menomonee River in the City 
of Wauwatosa, Underwood Creek in the city of Brookfield and the Village of Elm Grove, and 
South branch Creek in the Village of Brown Deer. Significant property damage resulted from 
overbank flooding along Lincoln Creek and the Menomonee River. As in the 1986 and 1997 major 
storm events in the area, there were numerous occurrences of stormwater drainage and sanitary sewer 
backup problems in communities located throughout the areas of heavy rainfall. 

Estimated flood damages during the August 1998 event were $11.0 million in Milwaukee County. 
Assistance received by the City of Milwaukee through the FEMA and State Hazard Mitigation and 
Public Assistance programs associated with this event totaled about $227,000 under the FEMA Public 
Assistance program. 



• The event of July 2, 2000, in which as much as 6.5 inches of rain feB on portions of eastern 
Waukesha and southern Milwaukee Counties, including 4.42 inches recorded at General Mitchell 
International Airport on the far south side of the City of Milwaukee. The storm associated with this 
event produced one tornado in southern Milwaukee County about three-fourths of a mile northwest of 
27th Street and Ryan Road in the City of Franklin. The tornado moved east/northeast through the City 
of Oak Creek and into neighboring Racine County. In addition to damage from the tornado, 
significant damages due to flooding also occurred. The most severe flooding occurred in the 
communities south of Milwaukee, including the Cities of Franklin and Oak Creek and the Villages of 
Greendale and Hales Corners. In the City of Milwaukee, reported damages occurred mainly in the 
Kinnickinnic River and Oak Creek watersheds, with damages mostly limited to basement flooding 
due to either sewer backup or inoperable sump pumps cause by power outages. 

Estimated flood damages during the July 2000 event were $6.8 million in Milwaukee County. 
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Chapter III 

FLOOD MITIGATION GOALS AND OBJECTIVES 

INTRODUCTION 

Planning may be defined as a rational process for formulating and meeting goals and objectives. Consequently, 
the formulation of goals and objectives is an essential task which must be undertaken before plans can be 
prepared. This chapter sets forth a set of flood mitigation goals and objectives for use in the design and evaluation 
of alternative flood mitigation plans for the City of Milwaukee and the five watersheds that each lie partly within 
its boundaries, and in the selection of a recommended plan from among those alternatives. 

In formulating and setting forth goals and objectives, their differing natures and purposes must be kept in mind. 
Goals are general guidelines that explain what a community desires to achieve. Based upon the selected goals, a 
community can then develop the specific objectives needed to attain the goals. Objectives define strategies for 
meeting the selected goals and are more specific than goals. 

In the selection of goals and objectives and their application to the preparation, testing, and evaluation of plan 
alternatives, several basic considerations must be recognized. First, it must be recognized that any proposals for 
flood mitigation must constitute integral parts of a total system. It is not possible from an application of the goals 
and objectives alone to assure such system integration, since the goals and objectives cannot be used to determine 
the effect of any given individual proposed facility or other proposal on the system as a whole, nor on the 
environment within which the system must operate. Such determination requires the use of quantitative planning 
and engineering techniques developed for those purposes. Second, it must be recognized that it is unlikely that 
anyone plan proposal will fully meet all applicable goals and objectives; the extent to which each applicable goal 
and/or objective is met, exceeded, or violated must serve as the measure of the ability of each alternative plan 
proposal to achieve the applicable goal(s) and/or objective(s). Third, it must be recognized that there may be 
certain cases where certain goals and/or objectives may conflict, and that such conflicts may require resolution 
through compromise, such compromise being an essential aspect of any planning or design effort. Finally, it 
should be recognized that goals and objectives may, in some cases, be specific to a particular watershed or 
subwatershed area. Accordingly, certain citywide goals and objectives may be refined as detailed floodland and 
stormwater management plans are prepared for each specific subarea of the City and its related watershed(s) or 
subwatershed( s). 
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RELATIONSHIP OF FLOOD MITIGATION GOALS AND OBJECTIVES TO 
COMMUNITY DEVELOPMENT AND PARK AND OPEN SPACE OBJECTIVES 

As described in Chapter II, Milwaukee County has prepared and adopted a park and open space plan 1 to guide the 
County in preserving and developing recreational and other open space uses throughout the County, including the 
City of Milwaukee. As park and open space planning and floodland management planning are carried out in 
Milwaukee County and the City of Milwaukee and in the related watersheds, an integration and coordination of 
the goals and objectives has taken place. In addition, land use planning goals and objectives are integrated and 
coordinated with floodland management planning. This is accomplished at the watershed level by developing 
comprehensive watershed plans which include floodland management, land use, park and open space, and water 
quality planning in one integrated planning program. These watershed plans form a potential framework for 
subwatershed-level planning programs. As an example, the comprehensive watershed planning objectives, 
principles, and standards for the comprehensive plan for the Menomonee River watershed2 include six specific 
objectives and supporting standards related to land use and park and open space use, as well as objectives and 
standards relating to flood control. A copy of the objectives, principles, and standards used for development of the 
comprehensive plan for the Menomonee River watershed is included in Appendix B of this report. Similar 
objectives, principles, and standards are included in the comprehensive plans for the Kinnickinnic and Milwaukee 
Rivers and Oak Creek watersheds. 

FLOOD MITIGATION GOALS AND OBJECTIVES FOR THE CITY OF MIL WAUKEE 

A series of goals and objectives has been developed to guide the current flood mitigation planning effort for the 
City of Milwaukee. These goals and the objectives related to them are set forth below. 

GOAL NO. 1 

The reduction and, to the maximum extent practicable, the prevention of future loss of lives and/or property due 
to flooding within the City of Milwaukee through the most appropriate, feasible, and effective means available. 

OBJECTIVES 

1. The enforcement of existing and, as appropriate, the adoption of new development regulations to reduce 
risks to life and property in floodprone areas. 

2. The development and maintenance of up-to-date inventories and maps to identify areas and structures at 
risk of flooding. 

3. The implementation and, as necessary, the development of public education and information programs and 
funding assistance programs for property owners wishing to floodproof their structures. 

4. The development and implementation of an acquisition/relocation program to purchase and remove or 
relocate structures located in floodprone areas. 

5. The establishment, as appropriate, of open space parks and recreational areas in floodprone areas. 

1 SEWRPC Community Assistance Planning Report No. 132, A Park and Open Space Plan for Milwaukee County, 
November 1991. 

2SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Watershed, Volume One, 
InventoryFindings and Forecasts, October 1976, and Volume Two, Alternative Plans and Recommended Plan, 
October 1976. 
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6. The provlSlon, maintenance, development, and implementation, as appropriate, of stormwater and 
floodlands management facilities, modifications to minimize or prevent damage from inundation events up 
to and including the IOO-year recurrence interval flood event. 

7. The development and maintenance of an up-to-date, adequate emergency action plan which identifies flood 
warning capabilities, escape routes, and rescue and relief capabilities. 

GOAL NO. 2 

The promotion of the long-term economic prosperity of the City of Milwaukee by the elimination or mitigation of 
conditions that leave the City and its residents vulnerable to economic loss as a result of flooding. 

OBJECTIVES 

1. The promotion of commercial and industrial development which avoids floodprone areas and limits the 
possibility of business interruptions resulting from flooding. 

2. The promotion, where appropriate, of private acquisition by conservation organizations of floodprone areas 
for use as community parks and recreation areas. 

3. The protection of property values by the elimination of blight in floodprone areas. 

4. The development and implementation of floodland management plans which resolve existing and avoid 
creation of additional flood-related problems. 

GOAL NO. 3 

The improvement of water quality in the City of Milwaukee. 

OBJECTIVES 

1. The development and implementation of floodland management plans which control erosion in floodplain 
areas. 

2. The development of stormwater management plans which identify and, as appropriate, mitigate nonpoint 
pollution sources. 

3. The development and implementation of a continuing public information and education program regarding 
floodplain development and nonpoint source pollution abatement. 

RELEVANT GOALS OF OTHER PLANNING EFFORTS 

The above goals and objectives, as well as the current flood mitigation planning effort for the City of Milwaukee, 
must be treated in the context of historical and current related planning efforts undeltaken for the area by the 
Southeastern Wisconsin Regional Planning Commission (SEWRPC) and the Milwaukee Metropolitan Sewerage 
District (MMSD). Each of the plans involved sets forth a series of goals that are relevant to the current flood 
mitigation planning effort for the City. 

SEWRPC Watershed Plans 
As part of its continuing planning program for the seven-county Southeastern Wisconsin Region, SEWRPC has 
prepared and adopted comprehensive plans for the five watersheds that lie partly within the City of Milwaukee. 
Each of the five plans sets forth a series of detailed water control facility development objectives, as well as 
related land use and park and open space objectives. In these plans, the Commission defines an "objective" as "a 
goal or end toward the attainment of which plans and policies are directed." Each objective is 1) supported by a 
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stated fundamental, primary, or generally accepted planning principle that supports the objective and asserts its 
inherent validity and 2) accompanied by a set of quantifiable planning standards that can be used to evaluate the 
relative or absolute ability of alternative plan designs to meet the stated development objective. The principles and 
standards serve to facilitate quantitative application of the objectives during plan design, testing, and evaluation. 

An objective common to all five watershed plans envisions "[a]n integrated system of drainage and flood control 
facilities and floodland management programs which will effectively reduce flood damage under the existing land 
use pattern of the watershed and promote the implementation of the watershed land use plan, meeting the 
anticipated runoff loadings generated by the existing and proposed land uses" within each watershed. An example 
of the comprehensive watershed planning objectives and supporting principles and standards is included in 
Appendix B. . 

Plans Prepared for MMSD 
In 1990, SEWRPC prepared a comprehensive stormwater drainage and flood control system plan for the MMSD. 
In preparing this plan, SEWRPC formulated and used a series of objectives, principles, and standards similar to 
those used in preparing the five watershed plans. In the system plan prepared for the MMSD, the following water 
control facility development objectives, or goals, were set forth: 1) the development of an integrated system of 
drainage and flood control facilities and floodland management programs which will effectively reduce flood 
damage under the existing land use pattern 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, and 2) the development of 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. 

The proposed 1990 system plan for the MMSD reflected recommendations set forth in a 1986 stormwater 
drainage and flood control policy plan identifying the streams and other watercourses for which it was 
recommended that the District assume responsibility for flood control. The policy plan, also prepared for the 
MMSD by SEWRPC, was adopted by the District, by Milwaukee County, and the City of Milwaukee, as well as 
the Cities of Franklin, Greenfield, Oak Creek, Wauwatosa, and West Allis and the Villages of Brown Deer, River 
Hills, and Shorewood. The 1986 policy plan was also adopted conditionally by the Cities of Brookfield, Mequon, 
Muskego, and New Berlin and the Villages of Butler, Elm Grove, Menomonee Falls, and Thiensville. The 1990 
system plan prepared by SEWRPC served as a major basis for the District's own 1990 watercourse system plan. 

Current Plan Update Effort by MMSD 
As noted in Chapter I of this report, the MMSD is currently engaged in its own detailed flood management 
planning efforts. The MMSD's current planning efforts, which are intended to update the District's 1990 
watercourse system plan and policy plan, are integral to the current flood mitigation planning effort for the City of 
Milwaukee. The MMSD states its objective with regard to its current planning effort as follows: "The objective of 
the System Plan Update is to develop cost-effective, feasible, and implementable flood control management 
alternatives that minimize structure damages for major flooding events." 

In seeking to address flooding problems along the watercourses under MMSD jurisdiction, the District has 
adopted an approach through which it seeks to do the following: 
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• Develop a thorough understanding of the frequency and extent of damaging floods in the system 
watercourses. 

• Achieve a consensus among involved stakeholders regarding the goals and objectives of the 
completed plan. 

• Identify jurisdictional and agency responsibility issues for various aspects of implementation of the 
updated plan. 



• Conduct the hydrologic and hydraulic analyses necessary to identify causes of flooding, the extent of 
damages, and potential solutions. 

• Develop solutions in the context of a comprehensive watercourse management plan that are 
acceptable to all of the involved stakeholders. 

As part of the current effort, the MMSD refined its 1986 policy plan in order to define specific policy issues, such 
as the relationship between stormwater management and flood control, funding responsibilities, project 
prioritization, and allocation of responsibilities for flood control measures between the MMSD and the local units 
of government. 
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CbapterIV 

ANALYSIS OF FLOOD PROBLEMS 

In order to evaluate various potential flood mitigation alternatives for the City of Milwaukee and select the most 
effective and feasible flood mitigation strategies, the existing flooding problems in the City must first be 
analyzed. Accordingly, this chapter summarizes the extent and severity of the flooding problems within the City 
of Milwaukee and the potential for these problems to increase in the future, and sets forth recent analyses of such 
problems as developed under detailed floodland management system plans which have been prepared under an 
areawide system planning program incorporating the City. 

ANALYSIS DATA AND PROCEDURES 

The most recent analyses of flooding problems incorporates basic data developed by the Milwaukee Metropolitan 
Sewerage District (MMSD) under a system-level Phase 1 watercourse management plan and to the extent 
practicable, subsequent plan implementation programs and projects. These analyses represent a refinement of 
earlier system planning programs. As part of the Phase 1 management plan, all structures within the identified 
100-year recurrence interval floodplain within the City of Milwaukee were mapped using available large-scale 
topographic mapping and, in some cases, field data where available. This structure identification is being refined 
as subsequent detailed planning and preliminary design steps are carried out. 

Similarly, the approximate depths of flooding, generalized estimates of property values, and potential flood 
damages were developed for all flood prone structures in the City as part of the system-level management plan. 
The property values used at the system planning level were typically based upon generalized values of $140,000 
for single-family residential buildings, $160,000 for two-family residential buildings, $250,000 to $600,000 for 
multi-family residential buildings, and $200,000 to $1.0 million for institutional, commercial, and industrial 
buildings, except in certain instances where assessment data was readily available. Systems-level alternative and 
recommended plans were then developed using the flood depth and damage data so developed. As more-detailed 
project planning and design is carried out, these data are being refined by field survey and by obtaining assessed 
and market property values in cases where property acquisition are considered a viable option. As part of this step 
in the flood mitigation program, the recommended plans developed at the systems-level are being refined and 
detailed as this process is ongoing under the Milwaukee Metropolitan Sewerage District flood mitigation 
program. All of the basic data noted above as applied to the City of Milwaukee, is incorporated into the following 
section of this report. 

CITY OF MILWAUKEE FLOODING PROBLEM 
AND COMMUNITY IMPACTS DESCRIPTION 

The floodplain areas, as well as the subwatershed boundaries, within the City of Milwaukee are shown on Map 6. 
These areas are generally located along the major stream system throughout the City. The floodplains have been 

39 



.. 
o Map 6 

MAPPED FLOODPLAIN AREAS IN THE CITY OF MILWAUKEE: 1999 

STUDY AREA BOUNDARY 

CITY OF MILWAUKEE CORPORATE LIMIT 

flOODPLAIN (10o..YEAR RECURRENCE INTERVAL) 

PERENNIAL SlREAM 

INTERMITTENT SlREAM 

WATERSHED BOUNDARY 

Source: SEWRPC. 

t 



delineated for a total of about 61 miles of stream within the City. Most of the floodplain areas for which detailed 
studies are available have been mapped on large-scale topographic mapping prepared at a scale of one inch equals 
100 feet with a contour interval of two feet. Flood flows and stages are currently readily available for about 
58 miles of the total stream reaches involved, while the floodplain for about three miles of stream is delineated by 
approximate methods under the Federal Flood Insurance Study for the City. Under the Milwaukee County 
Automated Mapping and Land Information Program, updated digital large-scale topographic maps for the entire 
City were recently prepared. 

As of 2000, a total of 1,838 structures were identified as being located within the 100-year recurrence interval 
flood hazard areas of the City of Milwaukee. The areas where flooding of structures has been identified are shown 
on Map 7. There were 1,784 residential, 51 business and commercial, and three other structures involved. The 
location of the 207 structures which are considered to be repetitive- or substantial-loss structures are shown on 
Map 8. Repetitive-loss properties are those that have two or more flood insurance claims of at least $1,000 each. 
There are 168 single-family structures, 36 two- and four-family structures, and three other structures so classified 
in the City of Milwaukee. In addition, FEMA has also identified a subset of properties meeting one of three 
criteria: 1) four or more losses of $1,000 or more; 2) two or more losses in a lO-year period that, in aggregate, 
equal or exceed the current value of the insured property; and 3) three or more losses that, in aggregate, equal or 
exceed the current value of the insured property. In 1999, FEMA issued guidance stating that emphasis should be 
given to properties in this subset and that they are a high priority for mitigation measures. There are three 
properties in the City of Milwaukee that fall into this subset, as shown on Map 8. A listing and selected 
information on each of the repetitive, or substantial, loss structures is included in Report W2RCRLDT, as 
compiled by the Federal Emergency Management Agency (FEMA) under the National Flood Insurance Program, 
and is available in the City of Milwaukee Department of Public Works files. Selected information on each 
floodprone area is organized by watershed in this chapter and in the alternative and recommended mitigation plan 
elements presented in Chapters V and VII. 

As of mid-2002, the MMSD had completed, or was nearing completion on, flood control projects for Lincoln 
Creek, Southbranch Creek, the Valley Park neighborhood of the Menomonee River, and the headwaters of 
Grantosa Creek. As a result of those projects, a total of 1,785 of the 1,838 structures identified will be protected 
from flooding up to, and including, the 100-year recurrence interval event. This includes 205 of the 207 
repetitive-loss structures, including the three structures that are considered high priority by FEMA. Details of 
those projects are discussed in Chapters V and VII. In addition, the MMSD has continued with more-detailed 
planning and preliminary design for the other watercourses under its jurisdiction. This subsequent work has 
included obtaining field survey elevation data for potentially floodprone structures. Based upon the most recent 
analyses, as of mid-2002, the number of structures still remaining in the flood hazard areas of the City of 
Milwaukee is 70. Detailed information for these structures, including type and estimated depth of flooding, is 
listed in Appendix C. 

In addition to the structures which lie within the floodplain, there are other areas within the City which experience 
flooding and stormwater drainage problems. The problems generally include frequent street flooding and backup 
of stormwater at culverts and other structures causing yard and parking area flooding. 

Map 9 shows the location of selected types of critical community facilities including fire and police stations, 
hospitals, and community administration facilities within the City. None of these facilities are located within the 
flood hazard areas. However, because of the need for access to and from these facilities, the flood mitigation plan 
includes their location and shows the relationship to the flood hazard areas. There are no schools, nursing homes, 
or other critical facilities located within the flood hazard areas within the City. 

As described in Chapter II of this report, two recent flood events occurring on June 20-21, 1997, and August 6, 
1998, resulted in unusual problems within the City due to a combination of extremely high flood flows, power 
outages and associated sump pump failures, and sanitary sewer capacity problems. A description of these two 
events is included in Chapter II of this report. 
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A review of the extent and severity of flooding conditions within the City of Milwaukee indicates that there is a 
significant community impact primarily as a result of the damages caused by flooding of buildings, primarily 
basements, and disruption of the transportation system during extreme flooding events. Most importantly, the 
contribution of overland flooding to the problem of basement sanitary sewer backup is a major community 
concern related to public health and safety. As an example, flooding of streets and buildings, primarily basements, 
was reported in the City as a result of the June 20-21 and July 2, 1997, August 6, 1998, and July 2, 2000, storms. 
Several types of structure flooding occurred. One major source of basement flooding problems was surcharging of 
sanitary sewers and resultant backups into basements. Another source of basement flooding was sump pump 
failure due to electrical power outages. Those two problems are interrelated. If sump pumps cannot operate and 
the volume of clearwater collected by a building's foundation drain system exceeds the capacity of the sump 
crock, water will overflow from the crock into the basement. That clearwater then flows into the basement floor 
drain, which is connected to the sanitary sewer. Excessive flows of such clearwater into the sanitary sewers can 
quickly exceed the capacity of those relatively small-diameter sewers, leading to surcharging and backup of a 
combination of sanitary sewage and clearwater into basements connected to the surcharged sewers. Additional 
sources of clearwater inflow to sanitary sewers were through: 1) flooding of basements due to surface runoff, 2) 
excessive amounts of water collecting in streets or roadside swales and entering sanitary sewer manholes through 
unsealed lids and frames, and 3) sanitary sewer manhole lids which were disturbed. The location of the reported 
flooding and stormwater-related problems within the City of Milwaukee for the June 20-21 and July 2, 1997, and 
August 6, 1998, storm events is shown on Map 10. The location of reported flooding and stormwater-related 
problems in the City of Milwaukee for the July 2, 2000, storm event is shown on Map 11. As can be noted from 
review of Maps 10 and 11, during the 1997 events a majority of the identified problems were located within or 
near the floodplain areas within the Lincoln Creek area with other problem areas being scattered throughout the 
City. The reported problems during the 1998 event were focused mostly in Menomonee River, Grantosa Creek, 
and Lincoln Creek areas with some scattered problems throughout the City. The reported problems during the 
2000 event are focused mainly on the City's far south side. 

The flooding impacts on the City's infrastructure and the need to prepare for major evacuations and other 
emergency actions are not considered to be a major concern given the nature and the severity of the overland 
flooding problems. However, the Milwaukee County emergency operations planning program does have 
provisions for carrying out the latter if it would be needed. Furthermore, significant flood-related impacts on the 
community economy and businesses are of an infrequent and short-term nature. The major impact on City 
operations which are relatively frequent involve posting and closure of selected roadway locations where 
floodwaters frequently overtop bridges and culverts and cause short-term roadway flooding. 

POTENTIAL FUTURE CHANGES IN FLOODPLAIN BOUNDARIES AND PROBLEMS 

As described in Chapter II of this report, the City-of Milwaukee and communities in the tributary areas currently 
have in place land use controls and planning programs to preserve nearly all of the remaining environmentally 
sensitive areas, including wetlands and floodplains. Furthermore, development within the City itself is 
approaching "buildout" conditions with new development expected to be largely limited to infilling and isolated 
open space parcels outside of the environmentally sensitive areas. The City has an adopted stormwater 
management ordinance which requires sound stormwater management practices for new development and 
redevelopment sites which will limit any increases in future stormwater runoff peak rates of flow. Accordingly, 
there is not expected to be any significant changes in the flood flows and hydrologic characteristics of the stream 
system resulting from future land use changes in the City. Detailed analyses conducted under the recently 
completed stormwater and floodland management plan for the Milwaukee Metropolitan Sewerage District 
(MMSD) and the Southeastern Wisconsin Regional Planning Commission (SEWRPC) comprehensive watershed 
plans for the watershed tributary to the City of Milwaukee have documented the potential extent of increases in 
future flood flows within the City of Milwaukee. The most recent hydrologic modeling conducted by consultants 
to the MMSD and by SEWRPC indicates that potential increases in flood flows due to increased development are 
generally less than 2 percent for the major streams in the City of Milwaukee with some higher increases noted in 
selected reaches where problems are not expected to occur. Those changes were calculated assuming that no 
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systemwide effective stormwater detention measures would be put in place. However, as noted below, most of the 
communities do have requirements for stormwater detention. Accordingly, the future increased flows will be even 
less than calculated by the recent modeling. 

With regard to the impact of development beyond the City of Milwaukee limits, however, nearly all of the 
developing communities lying upstream of the City, have recently prepared, or have under preparation, detailed 
stormwater management plans and/or stormwater-related ordinances designed to minimize any negative 
downstream impacts on flood flows and stages. In addition, most of the developed and developing communities in 
the tributary subwatersheds are currently involved in the Wisconsin Department of Natural Resources (WDNR) 
stormwater permitting program as set forth under Chapter NR 216 of the Wisconsin Administrative Code. This 
program will eventually lead to the development of additional stormwater management practices. 

In addition to the above and as described in Chapter II of this report, the City of Milwaukee's current floodplain 
zoning regulations are designed to prevent the development of any new floodprone development, as well as to 
prevent any floodplain encroachment that would cause changes in the existing flood flows or stages. 

Based upon the above, it can be concluded that the extent and severity of the flooding problem within the City 
will not become significantly more severe in the future. However, this conclusion is based upon the assumption 
of, and highlights the importance of, carrying out and implementing current floodplain and related land use 
regulations and existing and ongoing stormwater management plans and regulations. 

SUMMARY OF STORMW ATER AND FLOODLAND 
MANAGEMENT PLAN FLOOD PROBLEM ANALYSES 

The identification, analysis, and recommendation of possible methods of abating or mitigating recent and current 
flooding problems in the City have been the subject of various planning efforts in recent decades, either with 
regard to the City as a whole or to various portions of it. The most significant and recent analyses of flood 
problems in the City are those which have been and which are being conducted as part of the detailed flood 
management planning efforts in which the MMSD is currently engaged with private consultants. As noted in 
Chapter III of this report, the MMSD's current planning efforts are intended to update its 1990 watercourse 
system plan. 

The current MMSD planning effort builds upon previous flood mitigation planning efforts undertaken for the 
watersheds and watercourses that lie partly or wholly within the City of Milwaukee, most notably those 
undertaken by the MMSD itself and by SEWRPC for each of the watersheds lying partly within the City. The 
MMSD's flood mitigation planning efforts, like SEWRPC's similar efforts, use the watershed as the basic 
geographic unit for planning. Because the alternative and recommended flood mitigation plans are developed on a 
watershed or subwatershed basis, this section describes the problems on the same basis. 

In addition to encompassing portions of the five watersheds that fall partly within the City of Milwaukee, the City 
encompasses lands along the Lake Michigan shoreline that drain directly into the Lake. Flooding problems within 
this shoreline area within the City of Milwaukee are relatively minimal due to the presence and placement of 
existing shoreline protection and other structures there. Accordingly, although the MMSD's current watercourse 
system plan update efforts include the Lake Michigan tributary drainage area within the MMSD planning area and 
treat that drainage area as a watershed, this chapter summarizes only the recent flood problem analyses 
undertaken by the MMSD and others for the five other watersheds involved. 

Map 7 graphically sets forth the locations of flood problems identified within the City of Milwaukee under the 
MMSD's current watercourse system plan update efforts. Where available, the flood damage estimates set forth 
below were obtained as part of that planning effort. For those areas for which the MMSD has not completed 
revised damage estimates, the numbers presented are taken from earlier planning efforts. 
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Kinnickinnic River Watershed 
The recommendations set forth in the flood control element of the comprehensive plan for the Kinnickinnic River 
watershed prepared by SEWRPC and adopted in 1979 by it, by Milwaukee County, and by the City of 
Milwaukee, endorsed in 1979 by the U.S. Department of Agriculture, Soil Conservation Service (now known as 
the Natural Resources Conservation Service) and the State Board of Soil and Water Conservation Districts, and 
amended by SEWRPC in 1987, have been largely implemented by the MMSD. The channel enclosure and 
realignment along the Edgerton Channel, the major channel modifications along Wilson Park Creek, and the 
bridge removals and replacements, the channel reconstruction, and dike and floodwall construction along the 
Kinnickinnic River recommended under the plan have all been implemented. Channel modifications have been 
implemented along the majority of the length of the perennial streams in the watershed. The Kinnickinnic River 
main stem has been modified along about 77 percent of its total length. 

The demonstrated performance of the modified Kinnickinnic River channel in particular shows the effectiveness 
of the actions taken by the MMSD and other agencies toward implementation of the flood control plan element of 
the 1979 plan for the watershed. A channelization project to eliminate the most severe flooding in the watershed, 
along the Kinnickinnic River between S. 6th Street and S. 16th Street, was completed in 1985. An April 21, 1973, 
flood, estimated to have a recurrence interval of 60 years, resulted in widespread inundation and damage in this 
area. Subsequent to the completion of the recommended flood control measures for the area, the intensive rainfall 
event of August 6, 1986-an event virtually centered on the Kinnickinnic River watershed, and whose 24-hour 
rainfall was estimated to have a recurrence interval of about 300 years and whose heaviest three-hour rainfall was 
estimated to have a recurrence interval exceeding 500 years-caused an area of inundation along the same reach 
that was substantially smaller than the area inundated in the April 1973 storm. Map 12 sets forth a graphic 
comparison of the areal extent of overland flooding along the Kinnickinnic River between S. 6th Street and 
S. 16th Street in the 1973 event with the areal extent of the overland flooding along that reach in the 1986 event. 
The significant areal difference may be attributed to the proper performance of the channel improvements. It is 
clear that the flood control improvements functioned as designed to significantly reduce flood damages in the 
August 1986 storm, and serve to eliminate damages from floods up to and including the 100-year recurrence 
interval flood. 

In the MMSD's current effort to update its 1990 watercourse system plan, the analysis conducted to predict 
watercourse system flows and water levels in the Kinnickinnic River watershed utilized a set of computer tools to 
evaluate a range of rainfall events and land use conditions. These tools were used to represent the watershed in 
terms of land use, slope, river geometry, bridges, wetlands, and other natural and built storage areas. The analysis 
involved two distinct computer-modeling tasks. The hydrologic analysis used software developed by the U.S. 
Environmental Protection Agency called Hydrological Simulation Program-Fortran (HSPF) and predicted 
streamflows based on 58 years of rainfall and two sets of land use conditions--existing land use conditions and 
expected 2020 land use conditions. Streamflows were developed for the 1 percent probability event (the "IOO-year 
event") for both sets of land use conditions. The hydraulic analysis used software developed by the U.S. Army 
Corps of Engineers called Hydrologic Engineering Center-River Analysis System (HEC-RAS) and determined 
maximum flood elevations based on the streamflows developed from the hydrologic analysis. 

Estimates of 100-year flows were produced for key locations throughout the watershed. The results of the analysis 
show that peak flows along the Kinnickinnic River under expected 2020 land use conditions are expected to 
remain constant or increase only very slightly over current peak-flow levels. As previously noted, the watershed is 
currently 95 percent developed and, accordingly, significant or widespread future flow increases are not expected. 
However, peak flows from a one-square-mile area east of General Mitchell International Airport, outside the City 
of Milwaukee, are predicted to increase by nearly 30 percent by the year 2020. 

Water-surface elevations were projected along the major watercourses under MMSD jurisdiction in the watershed. 
Under the analysis, no structures were predicted to be damaged along the main stem of the Kinnickinnic River 
under expected 2020 land use conditions. As noted above, much of the River's main stem has been channelized 
and lined with concrete to reduce flooding risk in areas that were historically prone to flooding. The main stem of 
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the River between S. 6th Street and S. 16th Street was designed to operate under complex and potentially unstable 
supercritical flow conditions. Even after implementation of the modifications completed inthis reach as of 1985, 
which included the removal of nine roadway bridges over the River and the replacement of four others, the four 
existing roadway bridges over this reach are key components with regard to the hydraulic performance of the 
reach. The clearance between the bottoms of these bridges and the predicted water-surface elevations is minimal 
and could be nonexistent under certain hydraulic conditions. Under such conditions, the water-surface elevations 
could increase dramatically, potentially flooding adjacent structures. The potential for damage and possible 
structural improvements in this reach were recommended to be evaluated in the MMSD's advanced stage of its 
current planning effort. In 2002, the findings of that evaluation indicated that sufficient clearance would exist for 
floods up to, and including, the 100-year recurrence interval event. Therefore, no further structural improvements 
are recommended for this reach. 

Several significant erosion, sedimentation, and local storm sewer outfall damage problems have been identified at 
the upstream end of the Kinnickinnic River, in the Cities of Milwaukee and West Allis. These problems are 
currently being addressed by a $1 million streambank and shoreline protection project which the U.S. Army 
Corps of Engineers has agreed to undertake with cooperation from the MMSD and Milwaukee County. The 
project is being undertaken to repair significant streambank erosion and damage to public infrastructure that have 
occurred along the River between W. Forest Home Avenue and S. 60th Street. The Corps will provide about 
65 percent of the project cost, with the MMSD providing the remaining 35 percent. The study and design stages 
of the project have been completed, with construction scheduled for 2003. 

In its analysis of flooding problems in the Kinnickinnic River watershed, the MMSD has identified several 
problem areas along the tributaries of the watershed. No structures along the main stem of the Kinnickinnic River 
are predicted to suffer flood damage, but limited structure flooding is predicted along certain tributaries under 
expected 2020 land use conditions and the 100-year flood event. The analysis also projected water-surface 
elevations along the major watercourses in the watershed that are under MMSD jurisdiction. The water-surface 
elevations predicted for the 100-year flood event under expected 2020 land use conditions were compared to 
structure-water-entry elevations for adjacent development to estimate the damages that would occur from this type 
of event. 

Damages from the 100-year event are predicted only along three tributary streams in the Kinnickinnic River 
watershed under expected 2020 land use conditions and were originally estimated at about $1.2 million, of which 
about $0.8 million are in the City of Milwaukee. Two of the three general areas of predicted structure damage 
from such an event are located wholly or partly within the City of Milwaukee--one in the Lyons Park Creek 
subwatershed, located wholly within the City, and one in the Villa Mann Creek and Villa Mann Creek Tributary 
subwatershed, located partly in the City of Milwaukee and partly 'in the City of Greenfield. A total of 25 
structures, 21 residential and four commercial, in the two areas would be expected to be flooded during the 100-
year event. 

In the Lyons Park Creek subwatershed, 22 problems were identified on Lyons Park Creek at three stream 
crossings, one at S. 57th Street, one at W Stack Avenue, and one at W. Cleveland Avenue, involving the flooding 
of 20 residential structures and two commercial structures. 

On the Villa Mann Creek and the Villa Mann Creek Tributary, one problem area was identified in the vicinity of 
S. 27th Street and W. Bottsford Avenue, where the Villa Mann Creek Tributaryenters enclosed box culverts that 
extend 1,350 feet east to the confluence with Villa Mann Creek. Three structures, one residential and two 
commercial, were identified as being vulnerable to flood damage during the 1 percent probability event. One of 
the three structures, a hotel, is located within the City of Milwaukee, east of S. 27th Street; the remaining two 
structures are located within the City of Greenfield, west of S. 27th Street. 

The remaining flooding problem area identified within the Kinnickinnic River watershed in the MMSO's current 
planning effort involves one industrial structure located in the Village of West Milwaukee near the 43rd Street 
Ditch, upstream of the portion of the 43rd Street Ditch subwatershed located in the City of Milwaukee. The 
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MMSD's planning effort has also identified three additional issues pertammg to the 43rd Street Ditch as 
warranting investigation in the advanced stage of the planning effort: 1) reported erosion of the channel banks, 
potential sedimentation at the bottom of the ditch, and overgrowth of woody vegetation in the ditch; 2) significant 
potential for redevelopment in the area that could require improvements to the ditch or offer opportunity for 
stormwater detention; and 3) long-range plans by the City of West Allis to increase the capacity of the primary 
sewer drain that acts as the "headwaters" for the ditch. 

No flooding problems were identified on Wilson Park Creek. As in the case of the Kinnickinnic River main stem, 
areas of Wilson Park Creek that were previously susceptible to flooding have been modified by widening and 
deepening. 

Menomonee River Watershed 
Following its initial preparation and its 1977 adoption by SEWRPC, the watershed plan for the Menomonee River 
watershed was adopted or endorsed by Milwaukee, Ozaukee, Washington, and Waukesha Counties, the City of 
West Allis, and several concerned State and Federal agencies, and in 1979 and 1987 was amended by SEWRPC. 
While significant progress toward implementation of the land use element of the watershed plan has been 
achieved with respect to 1) the preservation of the wetlands and floodlands lying within the primary 
environmental corridors located along the major stream channels of the watershed and 2) the location and density 
of new urban development within the watershed undertaken since 1977, the structural flood control measures 
recommended under the plan have not been implemented. However, recent new development in the Menomonee 
Valley industrial area in the City of Milwaukee has been placed on fill at elevations that will provide for flood 
protection. 

In the MMSD's current effort to update its 1990 watercourse system plan, the analysis conducted to predict 
watercourse system flows and water levels in the Menomonee River watershed utilized a set of computer tools to 
evaluate a range of rainfall events and land use conditions. These tools were used to represent the watershed in 
terms of land use, slope, river geometry, bridges, wetlands, and other natural and built storage areas. The analysis 
involved two distinct computer-modeling tasks. The hydrologic analysis used the HSPF software and predicted 
streamflows based on 58 years of rainfall storm input and several sets of land use conditions. Streamflows were 
developed for the 1 percent recurrence interval event (the "IOO-year event") for existing land use conditions, 
expected 2020 land use conditions, and "ultimate" conditions. The hydraulic analysis, which used the HEC-RAS 
software, determined maximum flood elevations based on the streamflows developed from the hydrologic 
analysis. The HSPF and HEC-RAS computer models were calibrated and verified using recent rainfall, flow, and 
flood-stage data for the watershed. 

Estimates of IOO-year flows were produced for key locations throughout the watershed. The results of the analysis 
show that flow contributions are made by all the watercourses and tributaries in the watershed, with major flow 
inputs from the Menomonee River main stem upstream of Underwood Creek and from Underwood and Honey 
Creeks. These major flow inputs contribute significantly to observed flooding problems in the Hart Park area in 
the City of Wauwatosa and the Valley Park area in the City of Milwaukee. 

As previously discussed, flows are not expected to increase significantly within the City of Milwaukee portion of 
the watershed where major damages would occur. Increases of 15 to 20 percent in the 100-year event discharge is 
anticipated along that portion of the main stem in the City of Milwaukee where it parallels the border between 
Milwaukee and Waukesha Counties. No structural flood problems are identified along this reach, however. The 
analysis also projected estimated water-surface elevations along the major watercourses in the watershed. The 
water-surface elevations predicted for the 100-year flood event under expected 2020 land use conditions were 
compared to structure-water-entry elevations for adjacent development to estimate the damages that would occur 
from this type of event. 

Damages in Milwaukee County from the 100-year event are predicted to be concentrated along the Lower 
Wauwatosa and Valley Park neighborhood reach of the Menomonee River under expected 2020 land use 
conditions. Damages along the watercourses under MMSD jurisdiction within the Milwaukee County portion of 
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the watershed arising from this event are estimated to total about $10.6 million, with damages within the City of 
Milwaukee estimated to total about $5.6 million. In addition to the predicted damages in the Lower Wauwatosa 
and Valley Park neighborhood reach of the Menomonee River, damage occurring as a result of the 100-year flood 
event under expected 2020 land use conditions is also predicted to occur along several tributaries in the 
watershed, as described below. 

The problems and damages associated with the main stem of the Menomonee River within Milwaukee County are 
the result of a combination of development constructed at a relatively low elevation compared to the River; 
limited capacities of certain roadway crossings; and years of development without any form of runoff control. In 
addition to these flooding problems, significant erosion and sedimentation was observed along a number of 
reaches of the watercourses. 

The initial MMSD analysis found that a total of 256 structures along the main stem of the Menomonee River 
could be expected to suffer damage arising from the 100-year flood event under expected 2020 land use 
conditions, with the damages mainly located in the Hart Park area of the City of Wauwatosa, the west central 
portion of the City of Milwaukee, and the Valley Park neighborhood in the City of Milwaukee. Of these 256 
structures, 162 are located within the City of Milwaukee. Refined analyses made under the MMSD advanced 
planning stage have updated the number of structures in the City of Milwaukee to 183-152 residential and 31 
commercial and industrial. Furthermore, in 200 I, the MMSD completed work on a levee system for the Valley 
Park neighborhood. As a result, 139 of the 183 structures, all residential, are now protected from floods up to, and 
including, the lOO-year recurrence interval event. 

The portion of the Little Menomonee River subwatershed included within MMSD boundaries is also located 
entirely within the City of Milwaukee. This portion of the subwatershed was evaluated to identify flooding 
problems and potential solutions to observed flooding problems. The portion of the subwatershed located in 
Ozaukee County is currently being analyzed as part of a separate analysis of flooding problems along the main 
stem of the Menomonee River and its tributaries outside of Milwaukee County. The local communities involved 
have offered to cooperate with the MMSD to examine this portion of the watershed in order to help develop a 
comprehensive watershed plan for the Menomonee River. Within the portion of the Little Menomonee River 
subwatershed located in the City of Milwaukee, one residential structure was identified as being potentially 
subject to damage arising from the 100-year event on the Little Menomonee River under expected 2020 land use 
conditions. The structure presents an isolated problem that does not cost-effectively lend itself to structural 
solutions. 

To determine if any potential flooding solutions on Grantosa Creek would complement or enhance potential 
solutions on the main stem of the Menomonee River, the MMSD conducted a preliminary analysis of Grantosa 
Creek, whose drainage area includes portions of the Cities of Milwaukee and Wauwatosa. This preliminary 
analysis identified seven structures vulnerable to damage arising from the 100-year flood event on Grantosa Creek 
under expected 2020 land use conditions. Three of these structures were located in the City of Milwaukee. In 
2001, the MMSD completed work on a 58 acre-foot dry detention basin at Timmerman Airport at the headwater 
of Grantosa Creek. As part of the advanced planning carried out by the MMSD, analyses were also carried out to 
determine if any residual flooding would occur once the detention basin was completed. That analysis included 
field-surveying structure elevations and concluded that four structures, all in the City of Wauwatosa, would 
continue to be subject to flooding. No structures were identified in the City of Milwaukee. 

With regard to the significant existing flooding problems in the Underwood Creek subwatershed, SEWRPC has 
developed a plan to address problems lying in the City of Brookfield and Village of Elm Grove. Although a small 
portion of this subwatershed lies within the City of Milwaukee, no flooding problem areas lying within both the 
subwatershed and the City were identified by the MMSD. A recommendation for the subwatershed developed 
under the SEWRPC effort, envisioning storage, an overflow channel, and floodproofing or acquisition of various 
structures, is designed specifically to cause no increases in downstream flood flows and stages. The MMSD has 
continued an ongoing coordination process with SEWRPC in the development of its potential solutions for 
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flooding problems along Underwood Creek, with the intent of integrating the final solution into the MMSD
selected alternative for mitigating flooding problems along the main stem of the Menomonee River. 

The Honey Creek subwatershed, which extends south from the main stem of the Menomonee River and 
contributes major flows to the River, was analyzed to determine if any potential solutions to its flooding problems 
might be combined with or contribute to potential solutions to flooding problems on the main stem of the 
Menomonee River. However, a review of potential complementing solutions did not yield any integrated 
solutions that appeared feasible. Eight structures, all located in the City of Greenfield, were identified as being 
vulnerable to damage arising from the 100-year event under expected 2020 land use conditions on Honey Creek. 
There are no flooding problems located along this stream in the City of Milwaukee. 

No flooding problems were identified in the Woods Creek subwatershed, and thus no structural alternatives were 
considered for that subwatershed. 

Milwaukee River Watershed 
Following its initial preparation and its 1972 adoption by SEWRPC, the watershed plan for the Milwaukee River 
watershed was adopted or endorsed by Milwaukee, Ozaukee, Sheboygan, and Washington Counties, the 
Milwaukee County Park Commission, the City of Milwaukee and the City of Milwaukee Board of Harbor 
Commissioners, the Villages of Newburg, River Hills, and Saukville, the Town of Fredonia, and several 
concerned State and Federal agencies, and was amended by SEWRPC in 1979, 1983, and 1987. The 1983 
amendment set forth a detailed flood control plan for Lincoln Creek. The MMSD has also had private consultants 
prepare three further flood control planning studies for Lincoln Creek, completed, respectively, in 1987, 1993, 
and 1996. 

The 1990 system plan prepared for the MMSD by SEWRPC reflected recommendations set forth in a 1986 
stormwater drainage and flood control policy plan identifying the streams and other watercourses for which it was 
recommended that the MMSD assume responsibility for flood control. This policy plan, also prepared for the 
MMSD by SEWRPC, was adopted by the MMSD, by Milwaukee County, and by the City of Milwaukee. As 
detailed in Chapter III of this report, other municipalities in the Milwaukee area have also adopted the 1986 policy 
plan, some doing so conditionally. While the policy plan did not place the main stem of the Milwaukee River 
within the jurisdiction and responsibility ofthe MMSD, the plan did, however, include within that jurisdiction and 
responsibility all or portions of the Beaver Creek, Brown Deer Park Creek, Indian Creek, Lincoln Creek, and 
Southbranch Creek tributaries of the Milwaukee River. 

With respect to the flood control element of SEWRPC's Milwaukee River watershed plan, the 1990 system plan 
prepared for the MMSD by SEWRPC, in addition to setting forth refinements to the plan for Lincoln Creek, 
extended flood control analyses and recommendations to four major tributaries of the Milwaukee River in 
Milwaukee County: Beaver Creek, Brown Deer Creek, Indian Creek, and Southbranch Creek. The Indian Creek 
subwatershed is located entirely outside the City of Milwaukee. No significant damages have been identified for 
Brown Deer Park Creek. Damages along Beaver Creek are also minor and are located downstream of the City of 
Milwaukee in the Village of Brown Deer. Consequently, these three tributaries are not discussed further. 

Relevant studies and planning efforts conducted since the completion and adoption of the 1972 plan for the 
Milwaukee River watershed have highlighted specific problem areas on the tributaries to the River. Most 
significantly with regard to the MMSD's current flood mitigation planning effort, the most severe flooding 
problem areas identified in the watershed in these studies and efforts include the Lincoln Creek subwatershed area 
in the City of Milwaukee, where 1,642 structures were located in the flood hazard area, and the Southbranch 
Creek subwatershed area located predominantly in the Village of Brown Deer, where about 22 structures were 
located within the flood hazard area. A portion of the Southbranch Creek subwatershed that experiences flooding 
problems does lie within the City of Milwaukee. That reach, however, is located upstream of the MMSD 
jurisdiction and has not, to date, been analyzed in detail. Those problems are mainly due to drainage and sanitary 
sewer backup. 
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A detailed plan for South branch Creek, prepared for the MMSD in 1998 by a private consultant, presents 
alternatives that are considered a refinement of the recommendations set forth in the 1990 system plan prepared 
for the MMSD by SEWRPC. The recommended plan for Southbranch Creek was completed in 2001 by the 
MMSD, resulting in protection of identified floodprone structures up to the lOO-year recurrence interval event. 

In addition, detailed design work was also undertaken by the MMSD toward implementing the recommended 
Lincoln Creek project. That project represents a refinement of the alternatives developed under the 1990 system 
plan prepared for the MMSD by SEWRPC, except that the current project includes an additional component 
providing for the removal of existing channel lining along two reaches of the stream. In mid-2002, that project 
was essentially completed. As a result, all 1,642 structures identified as being in the Lincoln Creek floodplain are 
now protected from floods up to, and including, the lOO-year recurrence interval event. 

Oak Creek Watershed 
Following its preparation and its 1986 adoption by SEWRPC, the watershed plan for the Oak Creek watershed 
was adopted by the Milwaukee County Board of Supervisors, the MMSD, and the City of Milwaukee, as well as 
by the Cities of Cudahy, Franklin, and South Milwaukee. The plan has also been adopted or endorsed by several 
concerned State and Federal agencies. The Cities of Greenfield and Oak Creek did not act to adopt the plan. 

Relatively little has been done with respect to implementing the flood control recommendations set forth in the 
plan. However, the City of Oak Creek, during 1997 and 1998, initiated steps to update its comprehensive 
floodplain zoning and began the preparation of a citywide stormwater management plan. With regard to zoning, 
the City has worked cooperatively with SEWRPC to update its floodplain maps for the Oak Creek watershed with 
the intention of using the updated mapping as the basis for the purposes of updating the floodplain zoning. 
Significant progress toward implementation of the land use element of the watershed plan has been achieved, 
however, both with respect to preservation of the wetlands and floodlands lying within the primary environmental 
corridors located along the major stream channels of the watershed and with respect to the location and density of 
new urban development undertaken within the watershed since 1986, the year SEWRPC adopted the plan. The 
plan has not been amended since its completion and adoption. 

The 1990 stormwater drainage and flood control system plan prepared for the MMSD by SEWRPC, basically 
reaffirmed the flood control recommendations set forth in the adopted Oak Creek watershed plan. As noted above, 
the 1990 system plan reflected recommendations contained in a 1986 policy plan identifying the streams and 
watercourses for which the MMSD was recommended to assume responsibility for flood control. 

In the MMSD's current effort to update its 1990 watercourse system plan, the analysis conducted to predict 
watercourse system flows and stages in the Oak Creek watershed utilized a set of computer tools to evaluate a 
range of rainfall events and land use conditions. These tools were used to represent the watershed in terms of land 
use, slope, river geometry, bridges, wetlands, and other natural and built storage areas. The analysis involved two 
distinct computer-modeling tasks. The hydrologic analysis used the HSPF software and predicted streamflows 
based on 58 years of rainfall and two sets of land use conditions 1) existing land use conditions and 2) expected 
2020 land use conditions without any uniform or effective detention associated with the new development. 
Streamflows were developed for the 1 percent recurrence interval event (often called the "IOO-year event") for 
both sets of land use conditions. The hydraulic analysis used the HEC-RAS software and determined maximum 
flood elevations based on the streamflows developed from the hydrologic analysis. 

The results of the flow analysis show that flows in the watershed generally increase by as much as 50 percent 
under the envisioned year 2020 land use conditions. The use of the 2020 land use condition without detention 
criteria is a conservative approach that produces somewhat conservative results. However, this approach is 
consistent with systemwide planning efforts by both the MMSD and SEWRPC. The analysis results thus far show 
the need to preserve existing natural storage in the Oak Creek watershed. 

Damages along watercourses under MMSD jurisdiction within the Oak Creek are estimated at about $1.5 million 
for a 100-year flood event, of which about $500,000 would occur in the City of Milwaukee. The MMSD's initial 
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Phase 1 system planning analysis identified two areas located both within the City of Milwaukee and within the 
Oak Creek watershed as flood problem areas under expected 2020 land use conditions without any storage to 
accommodate new development: 1) an area in the vicinity of the intersection of S. 13th Street and W. College 
A venue where four structures-one commercial, two industrial, and one residential-are expected to suffer 
damage arising from the 1 percent recurrence interval rainfall event along the Upper North Branch of Oak Creek 
and 2) an area in the southern portion of General Mitchell International Airport where three governmental 
structures are expected to suffer damage arising from the 1 percent recurrence interval rainfall event along the 
Mitchell Field Drainage Ditch. The airport's main north-south runway would be overtopped during a 1 percent 
recurrence interval storm. 

The individual flooding problems identified in the Oak Creek watershed are limited in number and are scattered 
throughout the watershed. The causes of these problems are generally related to the limited capacity of the Creek 
combined with the relatively low elevations of the structures vulnerable to flood damage---elevations that are 
conducive to the flooding of those structures. The limited nature of the problems, with only a few structures 
within each identified flood problem area, also limits the cost-effectiveness of major structural solutions that 
would reduce flows or provide additional capacity. The widespread geographic distribution of the problems does 
not offer the opportunity for regional or watershedwide structural solutions to effectively reduce flood damages. 
The conditions involved indicate that the most cost-effective methods of flood mitigation within the watershed 
would be localized and structure-specific, as opposed to methods involving regional flood control storage 
facilities or major channel modifications. 

A number of local storm sewers have been identified in the watershed as being "low" relative to the invert of Oak 
Creek or its tributaries. High stages on Oak Creek during major rainfall events typically cause surcharging of 
these storm sewers, which may contribute to local drainage problems away from the Creek. Three such sewers 
have been identified in the vicinity of the identified flood problem area near S. 13th Street and W. College 
Avenue. The initial phase of the MMSD's current planning effort for the Oak Creek watershed did not include 
any investigation of the problems that may be associated with this condition or the potential solutions that may be 
appropriate, if significant problems exist. During the second, advanced planning stage, the MMSD has evaluated 
these low storm sewer problems, in addition to conducting field surveys of potential structure flooding. As a result 
of this evaluation, the number of structures identified as subject to flooding along the North Branch of Oak 
Creek" has been revised to five-three industrial and two residential. Additional alternative means of alleviating 
this flooding were also evaluated, as presented in Chapter V. 

Existing topography in the watershed is relatively flat. Filling of the existing natural storage areas, such as 
wetlands, lowlands, and floodplains, is recommended to be prohibited to prevent potential increases in flow 
within the watershed. 

Root River Watershed 
No significant flood problem areas within those portions of the Root River watershed located within the City of 
Milwaukee have been identified by either the MMSD or by SEWRPC in their respective planning efforts. No 
identified flood problem areas within the watershed are located directly upstream of those portions of the 
watershed located within the City. Therefore, although the Root River watershed has been included in whole or in 
part in recent and current flood control planning efforts, including efforts undertaken by the MMSD and 
SEWRPC, the watershed is outside the scope of this report. 
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Chapter V 

ALTERNATIVE FLOOD MITIGATION STRATEGIES 

Floodland management may be defined as the planning and implementation of a combination of measures 
intended to reconcile the floodwater conveyance and storage function of floodlands with the space needs and 
other socioeconomic needs of a resident population. Specific purposes of floodland management include 
elimination of loss of life, lessening of danger to human health and safety, minimization of monetary damage to 
private and public property, reduction in the cost of utilities and services, and minimization of disruption in 
community affairs. Floodland management also involves the avoidance of intensification of existing and creation 
of new flood hazards. A broader goal is the enhancement of the overall quality of life of residents of the area 
involved by protection of those environmental values-recreational, aesthetic, ecological, and cultural-normally 
associated with, and concentrated in, riverine areas. 

The preparation of a flood mitigation plan for the City of Milwaukee involves the dJvelopment of alternative plan 
elements, a comparative evaluation of those elements, and the synthesis of the most effective elements into an 
integrated plan. The evaluation of alternative plans was prepared as part of a system-level planning program using 
logical subwatershed areas as a planning area. Thus, in some cases, the alternatives consider flooding areas which 
cover areas beyond the City of Milwaukee, but within such subwatershed areas. 

GENERAL DESCRIPTION OF POTENTIAL FLOOD MITIGATION STRATEGIES 

Floodland management techniques may be broadly divided into two categories-structural measures and non
structural measures. Structural measures include floodwater storage facilities such as reservoirs and impound
ments; diversion facilities such as dikes and channels; floodwater containment facilities such as earthen dikes and 
concrete flood walls; floodwater conveyance facilities, such as channel modifications; and bridge and culvert 
modifications or replacements. Nonstructural measures include reservation of floodlands for conservation, 
recreation, and other open space uses; floodland use regulations; land use controls outside the floodlands; 
structure floodproofing and elevation; structure removal; channel maintenance; community education programs; 
flood insurance; lending institution policies; real-estate-agent policies; community utility policies; and emergency 
programs. Structural measures tend to be more effective in achieving the objectives of floodland management in 
riverine areas that have already been urbanized, while nonstructural measures, being preventive, are generally 
more effective in riverine areas that have not yet been converted to flood-damage-prone development, even in 
cases where such areas have the potential for such development. 

Table 9 lists the alternative structural and nonstructural floodland management measures that may potentially 
apply, individually or in combinations, to the stream network within the City of Milwaukee, and summarizes the 
function of each. Further information regarding 1) the functions, 2) the key factors or basic requirements used to 
determine if a given alternative applies to a particular riverine area or portion of a watershed, and 3) some of the 
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Table 9 

ALTERNATIVE FLOODLAND MANAGEMENT MEASURES CONSIDERED 
IN PREPARING THE FLOOD MITIGATION PLAN FOR THE CITY OF MILWAUKEE 

Alternative 

Major Category Name 
Function(s) Comments 

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

Diversion To divert waters from a point upstream May entail legal problems 
of the floodprone reaches and 
discharge to an acceptable receiving 
watercourse outside of the watershed, 
or to divert floodwaters around 
floodprone areas on a completely new 
alignment 

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

Channel modification To convey flood flows through a river May be accomplished by straightening. 
and enclosure reach at significantly lower stages lowering, widening, and otherwise 

modifying a channel or by enclosure; 
includes construction of a new length 
of channel for the purpose of 
bypassing a reach of a natural stream. 
This option normally requires 
environmental enhancement 
measures as a component to mitigate 
any negative environmental impacts 

Bridge and culvert 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 
floodlands for floodlands for compatible recreational development, such as development of 
recreational and and related open space uses and also a golf course, or by public acquisition 
related open space to retain floodwater storage and of the land or by use of an easement 
uses conveyance 

Floodland regulations To control the manner in which new May be accomplished through zoning. 
urban development is carried out in land subdivision control. sanitary. and 
the floodlands so as to assure that it building ordinances 
does not aggravate upstream and 
downstream flood problems, or to 
control selected practices by which 
existing urban or rural lands are 
managed 

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

hydrologic impact on downstream 
floodlands 

Community To inform and educate citizens regarding May have relationship to aesthetic, 
education personal and private actions by recreational, urban utility, or water 
programs property owners and residents which quality aspects of water resources 

,) may adversely affect flood flows management in the watershed 
and stages or 2) could favorably affect 
or prevent changes in flood flows and 
stages in the watershed 
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Table 9 (continued) 

Alternative 

Major Category Name 
Function(s) Comments 

Nonstructural Flood insurance To minimize monetary loss or reduce Premiums may be subsidized or 
(continued) monetary impact on structure owner actuarially determined 

Lending institution To discourage acquisition or - -
policies construction of flood prone structures 

by means of mortgage-granting 
procedures 

Real-estate-agent To discourage acquisition or --
policies construction of floodprone structures 

by providing flood hazard information 
to prospective buyers 

Community utility To discourage construction in --
policies floodprone areas by controlling the 

extension of utilities and services 

Emergency programs To minimize the danger, damage, and May include installation of remote stage 
disruption from impending flood sensors and alarms, road closl,lres, 
events and evacuation of residents 

Structure To minimize damage to structures by - -
flood proofing and applying a combination of protective 
elevation measures and procedures on a 

structure-by-structu re basis 

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

Channel maintenance To maintain integrity of flood-stage Will not significantly reduce stages of 
profiles; to permit unobstructed flow major floods, except as those stages 
from storm sewers, drainage ditches, might be influenced by accumulation 
and drainage tiles; and to remove of buoyant material on the upstream 
potentially troublesome buoyant side of bridge waterway openings 
material 

Source: SEWRPC. 

more significant positive and negative features of each alternative potential flood mitigation strategy involved is 
set forth in the series of watershed plans prepared by the Southeastern Wisconsin Regional Planning Commission 
(SEWRPC). In the evaluation of alternative measures, the comprehensive watershed planning program gives 
priority to those nonstructural measures, such as floodplain open space preservation and regulation, which are 
preventative in nature. Beyond that, each alternative to be considered must have been shown at the systems level 
of planning to be technically feasible and economically and environmentally sound. The determination 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 
damages concerned without exacerbating such problems either upstream or downstream of the proposed project. 

The alternative should be shown to be economically 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 
recognized that other objectives which cannot be directly quantified monetarily, such as providing adequate 
outlets for municipal stormwater 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. 
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The alternatives should be shown at the systems level of planning to be environmentally sound by explicit 
consideration of potential impacts on surface-water and groundwater quality and existing and potential aquatic 
and wildlife habitats and populations. An alternative must qualify for all legally required regulatory agency 
approvals. Other criteria, such as potential long-term operational maintenance requirements; implementability; 
compatibility with community open space, recreation, and environmentally sensitive area protection objectives; 
compatibility with community development objectives; aesthetics; and public support are among the other factors 
considered in alternative evaluation and selection. 

COMPREHENSIVE WATERSHED PLAN PREPARATION 

Historically, the watershed has served as the geographic basis for the preparation of comprehensive plans dealing 
with flooding problems in Southeastern Wisconsin. As noted in Chapter III of this report, SEWRPC, as part of its 
continuing planning program for the seven-county Southeastern Wisconsin Region, has prepared and adopted 
comprehensive plans for the five watershed areas that lie partly within the City of Milwaukee. As noted in 
Chapter II of this report, among the five watersheds involved, the Root River watershed has not presented and 
does not present any significant flooding problems within the City of Milwaukee, and flooding problems within 
that portion of the Lake Michigan direct drainage area located within the City are relatively minimal. 

In preparing each of the four watershed-level plans that do apply to flood problems within the City of Milwaukee, 
SEWRPC, as summarized below, considered a broad range of potential alternative flood mitigation strategies in 
various combinations, their applicability to specific flooding problems in the watershed involved, and their costs 
and benefits before selecting a recommended combination of flood mitigation strategies for the final 
recommended watershed plan. More detail on each alternative plan described below can be found by review of the 
specific plans for each watershed as listed in the references set forth in Appendix D. 

Alternative Flood Mitigation Strategies for the Kinnickinnic River Watershed 
In 1979, SEWRPC adopted a comprehensive plan for the physical development of the Kinnickinnic River 
watershed, amending that plan in 1987. In the preparation of the initial watershed plan, SEWRPC made a 
concerted effort to offer for public evaluation a full range of physically feasible alternative plan subelements 
which might resolve water resource and water resource-related problems existing at the time of the preparation of 
the plan and prevent future development of such problems within the framework of agreed-upon watershed 
development objectives and supporting standards. Each alternative floodland management subelement was 
evaluated insofar as possible in terms of technical and economic feasibility, likely environmental impact, financial 
and legal feasibility, and public acceptability, as well as with respect to the satisfaction of the watershed 
development objectives. 

A total of five structural floodland management measures were identified for possible application, either 
individually or in various combinations, to specific floodprone reaches of the watershed: 1) floodwater storage 
facilities, 2) floodwater diversion facilities, 3) dikes and floodwalls, 4) major channel modifications, and 5) bridge 
and culvert modification or replacement. A total of 11 nonstructural measures were likewise identified for 
possible inclusion in the floodland management element of the watershed plan: 1) reservation of floodlands for 
recreational and related open space uses, 2) floodland regulations, 3) control of land use outside the flood lands, 
4) structure floodproofing, 5) structure removal, 6) channel maintenance, 7) flood insurance, 8) lending institution 
policies, 9) real-estate-agent policies, 10) community utility policies, and 11) emergency programs. 

In addition to a determination of the applicability of the various structural and nonstructural floodland 
management measures considered for the watershed, the plan preparation process included an examination of 
accessory floodland management measures that could meet special needs within the watershed. Accessory 
floodland management measures that were considered at the time of initial plan preparation included the 
maintenance of streamflow gages in the watershed, the periodic cleaning and maintenance of the channel system, 
and the identification of the flood characteristics of the estuary and lower reaches of the Kinnickinnic River. 
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SEWRPC's 1987 amendment to the watershed plan, contained in a water resources management plan for the 
Milwaukee Harbor estuary, included a revision of the regulatory lOO-year flood profile and regulatory floodplain 
boundary for the Kinnickinnic River estuary. 

Alternative Flood Mitigation Strategies for the Menomonee River Watershed 
SEWRPC adopted a comprehensive plan for the physical development of the Menomonee River watershed in 
1977, amending that plan in 1987. As with the Kinnickinnic River watershed plan, SEWRPC, in preparing the 
initial Menomonee River watershed plan, made a concerted effort to offer for public evaluation a full range of 
physically feasible alternative plan subelements which might resolve water resource and water resource-related 
problems existing at the time of the preparation of the plan and prevent future development of such problems 
within the framework of agreed-upon watershed development objectives and supporting standards. Each 
alternative plan subelement was evaluated insofar as possible in terms of technical and economic feasibility, 
likely environmental impact, financial and legal feasibility, and public acceptability, as well as with respect to the 
satisfaction of the watershed development objectives. 

As in the case of the preparation of the plan for the Kinnickinnic River watershed, a number of alternatives were 
explored in the preparation of the floodland management element of the Menomonee River watershed plan. The 
available floodland management measures from which the flood land management element of the plan was 
synthesized under the watershed planning process include both structural and non structural measures. A total of 
five structural measures were identified for possible application, either individually or in various combinations, to 
specific floodprone reaches of the watershed: 1) floodwater storage facilities, 2) floodwater diversion facilities, 
3) dikes and floodwalls, 4) major channel modifications, and 5) bridge and culvert modification or replacement. 
Ten non structural measures were likewise identified for possible inclusion in the floodland management element 
of the plan: 1) reservation of floodlands for recreational and related open space uses, 2) floodland regulations, 
3) control of land use outside of the floodlands, 4) flood insurance, 5) lending institution policies, 6) real-estate
agent policies, 7) community utility policies, 8) emergency programs, 9) structure floodproofing and elevation, and 
10) structure removal. 

Various combinations of structural and nonstructural management measures were evaluated for each of the most 
floodprone reaches in the watershed, resulting in the selection of a compatible combination of measures for each 
reach for inclusion in the final recommended watershed plan. Also included in the development of the floodland 
management element of the watershed plan was an analysis of the impact of possible future land use and 
floodland development conditions in the watershed on flood flows, flood stages, and flood damages along the 
watershed stream system. In addition, the plan preparation process included an examination of accessory 
f100dland management measures to meet special needs within the watershed. Accessory measures considered at 
the time of initial plan preparation included the maintenance of a skeleton stream-gaging network in the 
watershed, the periodic cleaning and maintenance of the channel system and bridge and culvert waterway 
openings, and means of resolving the residual flood damage problem then existing within and immediately 
upstream of the Menomonee River industrial valley. 

SEWRPC's 1987 amendment to the watershed plan, contained in a water resources management plan for the 
Milwaukee Harbor estuary, included a revision of the regulatory lOO-year flood profile and regulatory floodplain 
boundary for the Menomonee River estuary and the Menomonee Valley area. 

Alternative Flood Mitigation Strategies for the Milwaukee River Watershed I 

SEWRPC adopted a comprehensive plan for the physical development of the Milwaukee River watershed in 1972, 
amending that plan in 1983 and 1987. In preparing the initial Milwaukee River watershed plan, SEWRPC made a 
concerted effort to offer for public evaluation all physically feasible alternative plan elements, which might satisfy 
one or more watershed development objective. Each alternative plan element was evaluated insofar as possible in 
terms of engineering, economic, and legal feasibility and with respect to the satisfaction of watershed 
development objectives. The alternative plan elements considered can best be conceptualized in terms of various 
combinations of land use patterns and water control facilities. .. 
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As in the preparation of the plans for the Kinnickinnic River and Menomonee River watersheds, a number of 
alternatives were explored in the preparation of the Milwaukee River watershed plan with respect to flood control. 
The flood control measures considered include both structural and nonstructural measures: 1) floodland zoning and 
the acquisition of floodland areas for public park, parkway, and open space use; 2) dike and floodwall 
construction and channel improvements; 3) diversion channel construction; 4) reservoir construction; 5) structure 
floodproofing; and 6) structure removal. 

Each of the alternative plan elements considered was evaluated individually and in various compatible com
binations, and a comprehensive watershed plan was synthesized. The basic flood control element of the initial 
comprehensive plan for the Milwaukee River watershed is non structural , consisting of the land use development 
proposals contained in the land use element of the watershed plan, particularly as those land use proposals affect 
the riverine areas of the watershed. Of particular importance in this respect are the land acquisition 
recommendations made under the watershed plan for the preservation of environmental corridor lands within the 
watershed. No structural water control facilities were included under the recommendations set forth in the 
Milwaukee River watershed plan. 

In preparing its 1983 amendment to the Milwaukee River watershed plan, a detailed flood control plan for 
Lincoln Creek, SEWRPC considered a series of alternatives for that tributary, including both structural and 
non structural measures. These measures, either individually or in combination, included: 1) both major and minor 
channel modification; 2) detention storage; 3) dike and floodwall construction; 4) structure floodproofing 
elevation, and removal; and 5) replacement of selected bridges. 

SEWRPC's 1987 amendment to the Milwaukee River watershed plan, contained in a water resources 
management plan for the Milwaukee Harbor estuary, included a revision of the regulatory lOO-year flood profile 
and regulatory floodplain boundary for the Milwaukee River estuary. 

Alternative Flood Mitigation Strategies for the Oak Creek Watershed 
SEWRPC adopted a comprehensive plan for the physical development of the Oak Creek watershed in 1986. This 
watershed plan was prepared within the context of a set of regional plan elements existing and adopted at the time 
of the preparation of the watershed plan, including, importantly, regional land use, regional park and open space, 
and regional water quality management plans. Accordingly, the major focus of the watershed plan preparation 
effort was on floodland management and fishery development plan elements. The land use and park and open 
space element of the watershed plan constituted a refinement of the adopted regional land use and regional park 
and open space plans. The water quality management element similarly constituted a refinement of the adopted 
regional water quality management plan, although one with some changes in the water use objectives for the 
watershed. 

As in the preparation of the plans for the Kinnickinnic River, Menomonee River, and Milwaukee River 
watersheds, a number of alternatives were explored in the preparation of the Oak Creek watershed plan with 
respect to floodland management. The following six structural floodland measures were identified for possible 
application, either individually or in various combinations to specific floodprone reaches of the watershed: 1) 
detention storage, 2) diking, 3) diversion, 4) bridge or culvert modification or replacement, 5) channelization, and 
6) onsite storage. The following 12 nonstructural measures were similarly identified: 1) reservation of flood lands 
for recreational and other open space uses, 2) floodland use regulation, 3) channel maintenance, 4) flood 
insurance, 5) lending institution policies, 6) real-estate-agent policies, 7) community utility policies, 8) emergency 
flood-warning programs, 9) regulation of land use outside the floodlands, 10) structure floodproofing and 
elevation, 11) structure removal, and 12) community education programs. 

A total of 12 alternative structural floodland management plans, including two "no-action" alternatives, one 
providing for no development in the floodplain and one providing for limited development in the floodplain 
fringe, were prepared and evaluated for the Oak Creek watershed. Each of these alternatives was evaluated with 
the assistance of water resource simulation models, assuming planned land use conditions and the effect of such 
conditions on the flood-flow regimen of the watershed's stream system. In addition to these 12 alternatives, the 
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plan process included an examination of accessory measures that could meet special needs within the watershed. 
These included the maintenance of streamflow gages in the watershed and the maintenance of recreational 
navigation related to a public boat launch located at the mouth of Oak Creek. 

ALTERNATIVES IN RECENT MILWAUKEE METROPOLITAN 
SEWERAGE DISTRICT AND OTHER FLOOD MITIGATION PLANNING 

As noted in Chapters III and IV of this report, the Milwaukee Metropolitan Sewerage District has recently 
prepared a system-level watercourse management plan directed toward resolving flooding problems on streams 
under the MMSD jurisdiction and in portions of the tributary watersheds. That planning effort includes all of the 
major problem areas in the City of Milwaukee and is, therefore, the primary focus of the current flood mitigation 
planning effort for the City. The alternatives and initial recommendations of the MMSD's current planning efforts 
are documented in a series of August 2000 reports that are listed in Appendix D. In addition, more-detailed plans 
had already been prepared by the MMSD's engineering consultants for the Lincoln Creek and Southbranch Creek 
subwatersheds in November 1996 and May 1998, respectively (Appendix D). The MMSD's current watercourse 
management plan was based, in large part, upon a 1990 system plan prepared for the MMSD by SEWRPC, which 
plan, in tum, reflected recommendations set forth in a 1986 policy plan prepared by SEWRPC and adopted by the 
MMSD. As of mid-2002, the MMSD had implemented, or was nearing completion of implementing, flood control 
measures for Lincoln Creek, Southbranch Creek, the headwater area of Grantosa Creek, and the Valley Park area 
of the Menomonee River. All of those projects were located either wholly or in-part within the City of 
Milwaukee. Also, as of mid-2002, the remainder of the current watercourse management plan was undergoing 
refinement and detailing under subsequent, more-detailed planning and preliminary design. These subsequent 
steps are being conducted by incorporating field survey data and by refinement of the individual project 
recommendations. 

The MMSD has considered a series of flood control alternatives for watercourses under its jurisdiction, most 
notably in its current efforts to revise and update its 1990 watercourse system plan. These efforts constitute the 
basis for the citywide flood mitigation planning effort being performed in and for the City of Milwaukee at the 
present time. The alternatives which have been and which are being considered under these efforts are described 
below. 

i 
In order to develop plans to mitigate flooding problems within the City of Milwaukee, detailed stormwater and 
floodland management planning is needed for each drainage area located partly or wholly within the City. Such 
planning is generally prepared within the context of the comprehensive watershedwide planning noted above. The 
MMSD, like SEWRPC, uses the watershed as the geographic basis for flood control planning efforts. As noted 
above, among the five watersheds involved, the Root River watershed has not presented and is not expected to 
present any significant flooding problems within the City of Milwaukee, and flooding problems within that 
portion of the Lake Michigan direct drainage area located ~ithin the City are relatively minimal. 

Additional details on the alternative plans described below can be found in the MMSD system planning reports 
listed in the references set forth in Appendix D. 

Alternatives for the Kinnickinnic River Watershed within the City of Milwaukee 
As noted in Chapter IV of this report, the MMSD, in its analysis of current flooding problems in the Kinnickinnic 
River watershed, has identified several flooding problem areas on and along the tributaries of the watershed. 
Damages from the 100-year recurrence interval flood event are predicted only along three tributary streams in the 
watershed, with two of the three general areas of predicted structure damage located wholly or partly within the 
City of Milwaukee-one located wholly within the City, in the Lyons Park Creek subwatershed, and one located 
partly in the City of Milwaukee and partly in the Gty of Greenfield along Villa Mann Creek Tributary, in the 
Lower Wilson Park Creek subwatershed. 

To abate existing as well as future problems arising from the 1 percent probability flood event in the problem 
areas identified by the MMSD within the Kinnickinnic River watershed, several types of solutions were 
considered. The following design criteria were used in developing potential solutions to flooding for the water-
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shed: 1) minimization of impacts to natural channels; 2) design of solutions for the 1 percent probability flood 
event under 2020 land use conditions; 3) striving for a uniform level of service and equitable distribution of 
necessary improvements; 4) provision of one foot of freeboard to all damage elevations of structures; 5) provision 
of three feet of freeboard on all levees and floodwalls; 6) floodproofing of only industrial and commercial 
structures; 7) minimization of structural acquisitions; and 8) acquisition of nonresidential structures with more 
than two feet of flooding. In its current flood mitigation planning efforts, the MMSD has recognized the need to 
establish the policies and regulations required to ensure that additional problems are not created or exacerbated by 
new development or redevelopment in the future, and that structural flood abatement solutions preferably should 
not serve only one flood control purpose. Therefore, the potential solutions should integrate the aforementioned 
concepts to create a mUltipurpose, functional facility acceptable to all key stakeholders concerned. 

The types of solutions considered to address the problems identified for the 1 percent probability flood event in 
the Kinnickinnic River watershed include 1) storage, 2) floodplain lowering and/or conveyance, 3) levees and/or 
floodwalls, and 4) buyouts and/or floodproofing. These solutions can be combined with water quality 
improvements, multipurpose land uses, greenway corridors, environmental enhancement, preservation of open 
space, or a combination of any or all of these measures. Alternatives to mitigate the flooding problems were 
developed and evaluated for each identified problem area. Each alternative evaluated consists of one or more of 
the types of components described above. 

As noted in Chapter N of this report, three flooding problems were identified on Lyons Park Creek, one at 
S. 57th Street, one at W. Stack Avenue, and one at W. Cleveland Avenue, involving the flooding of 20 residential 
structures and two commercial structures. All three problem areas lie within the City of Milwaukee. Four 
alternatives for abating potential flood damages resulting from the 1 percent probability flood event on Lyons 
Park Creek were formulated and evaluated under Phase 1 of the planning process. At that time, only two 
floodprone structures had been identified, one at 57th Street and one at Cleveland A venue. Additional structures 
were later identified under the advanced planning process currently underway. The four initial Phase 1 
alternatives, designated as, respectively, storage, conveyance, levee, and buyoutlfloodproofing alternatives, are 
summarized in Table 10. Two of these four alternatives, the conveyance alternative and the buyoutlfloodproofing 
alternative, were recommended for further study during the second, advanced planning stage of the MMSD's 
current planning effort. The conveyance alternative, which would involve increasing the capacity at the two 
culvertlbridge locations, has an estimated capital cost of $633,000. This alternative would resolve one of the flood 
daJl1'lge problems, and would eliminate nuisance road overtopping. The initial buyoutlfloodproofing alternative 
has an estimated capital cost of $233,300. It would involve the acquisition of one residential structure and the 
floodproofing of one commercial structure, but would not resolve road overtopping and subsequent overland flow 
problems. Additional alternatives considered under the advanced planning consist of providing increased 
conveyance at all three road crossings through culvert replacement, with an estimated cost of $778,000. 

In the Villa Mann Creek-Villa Mann Creek Tributary problem area, as noted in Chapter N of this report, three 
structures, one residential and two commercial, have been identified as being vulnerable to flood damage during 
the 1 percent probability flood event. One of the three structures, a commercial structure, is located east of S. 27th 
Street, within the City of Milwaukee; the remaining two are located west of S. 27th Street, within the City of 
Greenfield. Four alternatives for mitigating the flooding problems were formulated and evaluated under Phase 1 
of the planning process. At that time, a total of five floodprone structures had been identified. Under current 
advanced planning, this number was reduced to the three noted above. The four initial Phase 1 alternatives, 
designated as, respectively, storage, conveyance, floodwalillevee, and buyoutlfloodproofing alternatives, are 
summarized in Table 11. Although some interest was expressed in the conveyance alternative, which has an 
estimated capital cost of about $1.6 million, the recommended alternative is the buyoutlfloodproofing alternative, 
which involves tloodproofing of the three commercial structures and the acquisition of the two residential 
structures. A preliminary analysis of the problem area has indicated that the capital cost of this alternative would 
total about $410,000. This alternative was initially recommended for evaluation in greater detail during the 
second, advanced planning stage of the MMSD's current planning effort in order to obtain input regarding the 
alternative from the local stakeholders concerned and to determine the structure-specific approach and feasibility 
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Table 10 

SUMMARY OF ALTERNATIVES EVALUATED FOR THE LYONS PARK CREEK PROBLEM AREA 

Storage Conveyance Levee/Floodwall BuyouVFloodproofing Capital 
Alternative Components Components Components Components Costs 

1. Storage 35 acre-feet online -- -- -- $2,290,000 
storage facility 

2. Conveyance -- Replace 57th Street -- -- $ 633,000 
culvert, add 
culvert at 
Cleveland Avenue 

3. Levee -- -- Construct 425 feet Floodproof one $ 388,000 
of seven-foot- commercial 
high levee at structure 
northwest corner 
of Lyons Park 

4. Buyoutsl -- -- -- Buyout one $ 233,000 
Flood proofing residential 

structure, 
flood proof one 
commercial 
structure 

PROBLEM DESCRIPTION: The Lyons Park Creek problem area is located at River Miles 0.13 and 0.847. Two structures (one 
residential, one commercial) are predicted to flood during the 100-year storm event. 

Source: Milwaukee Metropolitan Sewerage District and Camp Dresser & McKee, Inc. 

Table 11 

SUMMARY OF ALTERNATIVES EVALUATED FOR THE 
VILLA MANN CREEK-VILLA MANN CREEK TRIBUTARY PROBLEM AREA 

Storage Conveyance Levee/Floodwall BuyouVFloodproofing Capital 
Alternative Components Components Components Components Costs 

1. Storage 31 acre-feet -- -- -- $2,910,000 
storage facility 
west of 27th 
Street 

2. Conveyance Six acre-feet Add parallel culvert -- -- $1,627,000 
mitigation at 27th street 
storage 

3. Floodwalls/Levees -- - - - - -- NP 

4. Buyoutsl - - - - - - Buyout two $ 410,000 
Floodproofing residential 

structures and 
flood proof three 
commercial 
structures 

PROBLEM DESCRIPTION: The Villa Mann Tributary problem area is centered around 27th Street. Five structures (two residential, 
three commercial) are predicted to flood during the 100-year storm event. 

NOTE: NP = Not Practical. 

Source: Milwaukee Metropolitan Sewerage District and Camp Dresser & McKee, Inc. 

65 



of floodproofing. A potential conveyance solution was also considered during the second, advanced MMSD 
planning phase. Under the phase, two conveyance alternatives have been evaluated, one consisting of replacement 
of the entire channel enclosure downstream of S. 27th Street to the confluence with Villa Mann Creek, and a 
second consisting of replacing only a portion of that enclosure, with the remainder to be replaced with an open 
channel. The estimated costs of these alternatives are $1,084,000 and $633,000, respectively. 

During the completion of the initial planning phase and through the initial stakeholder meetings for the 
Kinnickinnic River watershed, a number of additional issues were identified for consideration in the second, 
detailed phase of the MMSD planning effort for the watershed. The additional work pertaining to these issues 
includes more detailed investigation and the collection of additional data to refme and verify results. It has been 
recommended that elevation data be obtained for four damaged structures in the watershed that were not 
previously surveyed, including one commercial structure/property on Lyons Park Creek and two commercial 
structures on Villa Mann Creek Tributary; that detailed "as-built" plans be developed for the four roadway 
bridges crossing the main stem of the Kinnickinnic River between S. 6th Street and S. 16th Street, that the 
hydraulic model be updated to include the improved data thus obtained, and that the potential for damages and 
possible structural improvements along the reach involved be evaluated; that surveys be performed, one at S. 57th 
Street and W. Cleveland Avenue on Lyons Park Creek and one at S. 27th Street on Villa Mann Creek Tributary, 
to more accurately define overflow elevations and the subsequent downstream flow paths at the locations 
involved as part of the advanced planning and design of flood mitigation alternatives for those locations; that a 
detailed investigation of the overflow path in the vicinity of W. Stack Drive on Lyons Park Creek be performed in 
response to reports by the City of Milwaukee that street flooding and minor house flooding may be possible in 
that area; and that several areas of erosion, poor channel maintenance, and sedimentation throughout the 
watershed, including the Kinnickinnic River between S. 45th Street and S. 60th Street, be investigated. 

The MMSD hired a private engineering firm to perform the advanced planning work for the Kinnickinnic River 
watershed. The alternatives reviewed in the second, advanced planning stage for the watershed included buyouts 
and floodproofing of structures along Lyons Creek, as well as increased conveyance, and, as noted above, the 
buyout of homes and the floodproofing of commercial structures in the Villa Mann Creek-Villa Mann Creek 
Tributary area, as well as increasing conveyance. 

As noted in Chapter N of this report, the U.S. Army Corps of Engineers has agreed as a partner with the MMSD 
to undertake a streambank stabilization project on the Kinnickinnic River between S. 45th and S. 60th Streets. 
Final project design was completed in January 2002, with construction expected to begin in 2003. In that regard, 
the Corps of Engineers is proposing a project consisting of reconstruction of storm sewer outfalls and the 
placement of riprap at five locations along this reach of the River. 

Alternatives for the Menomonee River Watershed within the City of Milwaukee 
As noted in Chapter N of this report, the MMSD, in its analysis of current flooding problems in the Menomonee 
River watershed, has identified several flooding problem areas on and along the main stem of the Menomonee 
River, as well as several tributaries of the watershed. Damages from the 100-year recurrence interval flood event 
are predicted along the main stem of the Menomonee River in Milwaukee County, within the Lower Menomonee 
River subwatershed, with two of the three major areas of predicted structure damage there, the Western 
Milwaukee area and the Valley Park neighborhood area, respectively, located partly and wholly within the City of 
Milwaukee; along Grantosa Creek in two areas, one located partly within the City of Milwaukee; and along the 
Little Menomonee River in its subwatershed, in two areas located within the City of Milwaukee. The MMSD, in 
an effort to develop a comprehensive plan for the Menomonee River watershed, has also been coordinating 
additional planning involving analyses of flooding problems in portions of the watershed located outside 
Milwaukee County. These analyses are being conducted in cooperation with the municipalities concerned. 

To abate existing as well as future problems arising from the 1 percent probability flood event in the problem 
areas thus far identified by the MMSD within the Menomonee River watershed, several types of solutions have 
been considered. The following design criteria have been used in developing potential solutions to flooding for 
the watershed: 1) minimization of impacts to natural channels; 2) design of solutions for the 1 percent probability 
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flood event under 2020 land use conditions; 3) striving for a uniform level of service and equitable distribution of 
necessary improvements; 4) provision of one foot of freeboard to all damage elevations of structures; 5) provision 
of three feet of freeboard on all levees and flood walls; 6) floodproofing of only industrial and commercial 
structures, with an assumption for cost purposes that 50 percent of floodproofed structures will need to be 
acquired because of physical, economic, aesthetic, andlor operational reasons; 7) minimization of structural 
acquisitions; and 8) acquisition of nonresidential structures with more than two feet of flooding. In its current 
flood mitigation planning efforts, the MMSD has recognized the need to establish the policies and regulations 
required to ensure that additional problems are not created or exacerbated by new development or redevelopment 
in the future, and that structural flood abatement solutions preferably should not serve only one flood control 
purpose. Therefore, the potential solution should integrate the aforementioned concepts to create a multipurpose, 
functional facility acceptable to all key stakeholders concerned. 

The types of solutions considered to address the problems identified for the 1 percent probability flood event in 
the Menomonee River watershed include 1) levees andlor floodwalls, 2) storage, 3) floodplain and channel 
lowering, 4) buyouts andlor floodproofing, and 5) conservation easements. Depending upon the nature of the 
flooding problem involved and other considerations in flood mitigation, these various types of solutions may be 
feasible and effective either alone or in various combinations with one another. 

In considering alternatives and in developing a final plan for the Menomonee River watershed, the MMSD has 
used a multi-step process. This process begins with consideration of the aforementioned potential solutions for 
flooding problems in the watershed and extends through several intermediate steps involving testing and 
evaluation of potential alternatives based on certain criteria and constraints in order to develop a final solution. 
Each step may have several iterations involving informal consideration of various options or scenarios. 

The first step involves identification of potential solutions, as described above, that may be applicable for the type 
of flooding problems experienced in the watershed. The second step involves examination of these potential 
solutions to define the specific requirements of the problem areas and the unique characteristics of the watershed. 
For example, in this step, it was found that the flooding problem in the Valley Park area of the City of Milwaukee 
cannot be solved by a flood storage facility in the Village of Germantown because of the timing and distribution 
of development in the Menomonee River watershed. The second step, in which "screening" alternatives are 
developed, also involves considering the technical feasibility of the potential solutions with regard to solving the 
problems and helps define where certain components of the solutions must be located and how big they must be to 
address the problems effectively. These screening alternatives are not necessarily practical or implementable, but 
define the upper bound of the feasibility of certain technical solutions. 

The third step involves formulation of several "conceptual" alternatives in which specific requirements and 
limitations of the various solution components are developed. These requirements and limitations include physical 
limitations, regulatory requirements, and jurisdictional constraints as well as technical requirements imposed by 
the watershed characteristics or by the project design criteria. These alternatives may be fine-tuned to become 
viable alternatives if the right conditions can be met. The fourth step involves development of "preliminary 
design" alternatives that begin to incorporate site-specific information and some of the nontechnical constraints 
and "opportunities" that will be required for final acceptance and implementation of a given alternative. 
Constraints and opportunities include such factors as aesthetics, local community requirements, specific site or 
owner restrictions, and mu Itipurpose considerations that must be part of a final solution. The fourth step also 
involves examination of alternatives in which several potential solution components have been combined to 
develop more effective and implementable alternatives. 

The fifth step is an extension of the fourth step. The fifth step involves further development and incorporation of 
important considerations previously identified based on input from the stakeholders and from the public and at the 
same time focuses on a final plan that will be acceptable to the major stakeholders. Ideally, feedback obtained in 
the fifth step can be used to formulate a final plan that meets all stated objectives of the watercourse system 
planning effort and the issues and concerns of all of the stakeholders. 
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The MMSD analyzed a total of 13 alternatives for the Menomonee River watershed. Alternatives were developed 
and evaluated in various levels of detail, in accord with the five-step process described above. Eleven alternatives 
were evaluated in detail, include the following: 1) regional storage, 2) local storage, and 3) floodplain lowering 
and/or conveyance, all "screening" alternatives developed in the second step; 4) regional storage and levees, 
5) channel lowering, levees, and mitigation storage, and 6) subregional storage, all "conceptual" alternatives 
developed in the third step; 7) regional storage, new-development storage, and levees and/or floodwalls, 
8) regional storage, levees and/or flood walls, floodplain lowering, and acquisition; 9) optimized regional storage, 
levees and/or flood walls, floodplain lowering, and acquisition; 10) channel and floodplain lowering, levees and/or 
floodwalls, acquisition; and 11) levees and/or flood walls, acquisition, and floodproofing. 

These alternatives represent the evolution of a number of options for the MMSD to consider in formulating a final 
alternative. Through the planning process, the MMSD has sought comments and feedback from participants in its 
planning workshops as well as from the major stakeholders involved and from the general public in developing a 
final set of alternatives. These alternatives were to be further developed and evaluated to frame a final solution 
that will meet the objectives of the system planning effort and be acceptable to the major stakeholders and to the 
pUblic. In 1999, the MMSD approved advanced planning on a selected alternative designed to reduce the risk of 
flooding on the main stem of the Menomonee River. The proposal, as then developed, includes the construction of 
a berm and the acquisition of eight properties in the Valley Park area in the City of Milwaukee; the acquisition of 
selected properties, the lowering of the floodplain, and the construction of a levee in the Hart Park area in the City 
of Wauwatosa; and the construction of a multi-use detention facility on the Milwaukee County Grounds in the 
City of Wauwatosa. The estimated cost of these improvements is between $83 million and $93 million. 

In July 2002, the MMSD completed the Phase 2 advanced planning stage of its watercourse system plan. Work 
carried out under that phase included refined hydrologic and hydraulic analyses and further evaluation of potential 
structure flooding, including obtaining field-surveyed elevation data. As a result of this advanced planning, the 
number of potentially flooded structures along the Menomonee River was revised to include six industrial 
buildings at the Falk Corporation property in the City of Milwaukee, 37 commercial, industrial, and residential 
properties in the reach between W. Wisconsin Avenue and N.60th Street in the City of Milwaukee, and 15 
residential structures in the vicinity of W. Concordia Avenue in the City of Wauwatosa. Additional alternative 
flood control plans were analyzed for these areas, including property acquisition, floodproofing, levees and 
floodwalls, and floodplain lowering. For those reaches affecting the City of Milwaukee, the proposed plan was 
amended to include raising the existing levee and flood wall protecting the Falk Corporation property and a 
combination of a levee/flood wall construction, floodplain lowering, and property acquisition for the western 
Milwaukee reach downstream of N. 60th Street. The estimated cost of those two plan elements is $47 million. 
However, since the preliminary Phase 1 plan included about $5.0 million for structure floodproofing and structure 
acquisition and removal in the western Milwaukee reach, the Phase 2 plan addition as it affects the City of 
Milwaukee, would be about $42 million over the overall Phase 1 plan estimate. 

As noted in Chapter IV of this report, seven residential structures located within the Grantosa Creek 
subwatershed, of which three are located within the City of Milwaukee, were identified as being potentially 
subject to flooding from a 100-year event. In 2001, the MMSD completed the construction of a 58 acre-foot dry 
detention basin at Timmerman Airport. During the advanced planning for Grantosa Creek by the MMSD, it was 
found that no structures in the City of Milwaukee would be subject to flooding during a 100-year recurrence 
interval event with the completion of the detention basin. 

As noted in Chapter IV of this report, one residential structure located both within the Little Menomonee River 
subwatershed and within the City of Milwaukee was identified as being potentially subject to damage arising 
from the 100-year flood event on the Little Menomonee River. The structure involved presents an isolated 
problem that does not cost-effectively lend itself to structural solutions. The selected alternative involves 
acquiring that property at an estimated cost of $150,000. A review of that preliminary recommendation in the 
MMSD's second, advanced planning stage verified that it is the most appropriate and acceptable solution. 
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At the present time, there are a number of projects in the planning and design phases proposed in the Menomonee 
Valley area which are planned to incorporate stormwater and floodland management measures. These include 
development of an environmentally sensitive industrial park on a large tract of vacant land between 27th Street 
and Miller Park, the planned reconstruction and extension of Canal Street, and other projects being coordinated by 
the City of Milwaukee Department of City Development and the Menomonee Valley Partners. Stormwater and 
floodland management measures are being integrated into these projects as part of the overall project design. 

As noted in Chapter II, the City of Milwaukee is coordinating the preparation, approval, and adoption of updated 
floodplain mapping, incorporating changed conditions for the Menomonee River watershed, including impacts of 
completed flood management projects. 

Alternatives for the Milwaukee River Watershed within the City of Milwaukee 
As noted in Chapter IV of this report, the most severe current flooding problem areas identified in the Milwaukee 
River watershed include areas 1) within the Lincoln Creek subwatershed in the City of Milwaukee and 2) within 
the Village of Brown Deer and, to a lesser extent, the City of Milwaukee, in the Southbranch Creek drainage area, 
which lies within the Lower Milwaukee River subwatershed. 

A detailed flood control plan for Lincoln Creek, as noted in this chapter and in Chapter IV of this report, was 
prepared by SEWRPC and adopted by it in 1983 as an amendment to its comprehensive plan for the Milwaukee 
River watershed. The alternatives considered in the preparation of SEWRPC's 1983 plan for Lincoln Creek are 
described in a previous section of this chapter. This plan for Lincoln Creek, as noted in Chapter IV of this report, 
was subsequently refined as part of the preparation by SEWRPC of a 1990 comprehensive stormwater drainage 
and flood control system plan for the MMSD. Although this 1990 plan was never formally adopted by the MMSD 
or by SEWRPC, that plan served as a major basis for the MMSD's own 1990 watercourse system plan, which the 
MMSD is currently updating. As also noted in Chapter IV, the MMSD has also had private consultants prepare 
three further flood control planning studies for Lincoln Creek, completed, respectively, in 1987, 1993, and 1996. 
In 1999, the MMSD began construction of the flood control measures for Lincoln Creek. As of mid-2002, that 
work was nearly completed, with only limited streambank stabilization and landscaping to be finished. The 
project constitutes a refinement of the alternatives developed under the 1990 system plan prepared for the MMSD 
by SEWRPC, except that it also includes an additional component providing for the removal of existing channel 
lining along two reaches of the stream. 

The 1990 system plan prepared for the MMSD by SEWRPC also extended flood control analyses and 
recommendations to Southbranch Creek. In the preparation of this plan, the following alternative flood control 
and related drainage system plans were considered for the North Tributary to Southbranch Creek: 1) an alternative 
involving channel modification, enclosure, and construction, storm sewer replacement, and culvert replacement; 
2) an alternative involving channel modification, enclosure, and construction, culvert replacement, storm sewer 
construction, and detention storage; and 3) channel modification, enclosure, and construction, culvert replace
ment, and storm sewer construction with maximum detention storage. For Southbranch Creek, the following four 
alternatives were considered: 1) a "no-action" alternative; 2) a combination of culvert replacement and channel 
modification; 3) a combination of maximum storage, culvert replacement, and channel modification; and 4) a 
combination of culvert replacement and channel modification with additional storage provided on the North 
Tributary to Southbranch Creek. In addition, as noted in Chapter IV of this report, a detailed plan for Southbranch 
Creek prepared by a private consultant for the MMSD in 1998 presents alternatives that are considered a 
refinement of the recommendations set forth in the 1990 system plan prepared for the MMSD by SEWRPC. 
However, the 1998 plan does not include any specific plan recommendation. Also during 1998, the Village of 
Brown Deer had developed plans to acquire and remove 10 floodprone structures located along Southbranch 
Creek. During 1999, the MMSD began to implement the first phase of its $3.9 million flood control plan for 
Southbranch Creek through the construction of a detention basin just west of N. 47th Street on W. Churchill Lane 
in the Village of Brown Deer, the site of the structure removal. In 2001, the remainder of the Southbranch Creek 
plan elements have been completed. Those elements included three additional stormwater detention basins, two in 
the Village of Brown Deer and one in the City of Milwaukee, as well as two culvert replacements and the removal 
of a road crossing and culvert. 
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As noted in Chapter II, the City of Milwaukee is in the process of coordinating the preparation, approval, and 
adoption of new updated floodplain mapping, incorporating changed conditions in the Milwaukee River water
shed, including the impacts of completed flood control projects and the removal of the North Avenue dam. 

Alternatives for the Oak Creek Watershed within the City of Milwaukee 
As noted in Chapter IV of this report, the MMSD, in its analysis of current flooding problems in the Oak Creek 
watershed, has identified two areas located both within the watershed and within the City of Milwaukee as 
flooding problem areas under the conditions of the 1 percent recurrence interval rainfall event: 1) an area in the 
vicinity of the intersection of S. l3th Street and W. College Avenue where four structures-one commercial, two 
industrial, and one residential-are expected to suffer damage arising from the 1 percent recurrence interval event 
along the Upper North Branch of Oak Creek, within the subwatershed for the North Branch of Oak Creek, and 2) 
an area in the southern portion of General Mitchell International Airport where three governmental structures are 
expected to suffer damage arising from the 1 percent recurrence interval event along the Mitchell Field Drainage 
Ditch within its subwatershed. The airport's main north-south runway would be overtopped during a 1 percent 
recurrence interval storm. 

A number of alternatives were analyzed to solve the identified flooding problems within the Oak Creek 
watershed, including the problems occurring within the two areas within the City of Milwaukee. The alternatives 
combine the following potential solutions into effective flood control concepts to eliminate damages resulting 
from the 1 percent probability flood event: 1) levees and/or floodwalls, 2) storage, 3) channel modifications 
and/or conveyance improvements, 4) acquisitions, also known as "buyouts," and/or floodproofing of structures. 
The specific alternatives vary by problem area. Tables 12 and l3, respectively, summarize the alternatives 
analyzed for the Upper North Branch of Oak Creek and the Mitchell Field Drainage Ditch. In the case of Table 12 
for the Upper North Branch of Oak Creek, both the aforementioned flooding problem area within the City of 
Milwaukee and an additional area in the City of Oak Creek are included in the alternative analysis. The purpose of 
both of these tables is to focus on the alternatives that are technically feasible and implementable. The MMSD has 
analyzed the alternatives that meet these requirements according to a series of major criteria that involve 
consideration of such factors as environmental impacts, implementation issues, and costs. The comparisons and 
evaluations of the alternatives analyzed under these criteria have been designed to lead to recommendations for 
the problem areas involved. The recommended alternatives are currently being developed further in the MMSD's 
second, advanced stage of planning for the Oak Creek watershed. 

For the problem areas along the Upper North Branch of Oak Creek in the Cities of Milwaukee and Oak Creek, the 
MMSD found that while the storage alternative substantially solved the flooding problems involved, it required 
floodproofing of two industrial structures and did not address the problems arising from low storm sewers. The 
floodwalls alternative, while technically feasible, may involve the excavation of hazardous materials and has a 
capital cost about four times that of the least expensive alternative, that involving acquisition and/or floodproofing 
of structures. The channel modification alternative, meanwhile, addresses the problem of low storm sewers in the 
area, but still requires floodproofing and acquisition to address the flooding problems involved. The least costly 
alternative, the alternative involving only structure acquisition and floodproofing, with an estimated capital cost 
of about $520,000, had been identified under the initial planning phase as the alternative recommended for further 
development in the MMSD's second, advanced planning stage for the watershed. During that more-advanced 
planning stage that is currently ongoing, an evaluation was made of flooding due to an existing low storm sewer 
at S. l3th Street in the City of Milwaukee, along with additional field surveys of potentially flooded structures. 
That additional evaluation resulted in the number of structures subject to flooding being revised to five-three 
industrial and two residential. Additional alternative measures were evaluated to alleviate that flooding, including 
acquisition, floodwalls, and f1oodproofing. These alternatives are summarized in Table 14. A recommendation by 
the MMSD's engineering consultant called for further consideration of the f100dwall alternative in combination 
with replacement of the S. l3th Street bridge over the North Branch of Oak Creek. 
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Table 12 

SUMMARY OF ALTERNATIVES EVALUATED FOR THE LIPPER NORTH BRANCH OF OAK CREEK 

Channel Acquisition! Capital 
Alternative Storage Modification Floodwalls Floodproofing Comments Costs 

1. Storage Site 204 west of NA NA Floodproof two Storage at Milwaukee $5,305,000 
13th Street-88 industrial County park 
acre-feet, 10 structures ("Maitland Park") 
acres with an will work; park 
average 10-foot improvements could 
depth include active 

recreation field; 
wetland and!or 
channel restoration; 
two floodprone 
structures are too far 
downstream for 
storage to work. 
Does not solve storm 
sewer problem, 
which will be 
addressed in Phase 2 

2. Floodwalls NA NA 2,500-feet-long, Acquire one Floodwall alternative $2,196,000 
six- to eight- residential will work; no room 
foot-high walls, structure for levee solution· 
four industrial, 
one commercial 

3. Channel NA Widen 20 to 30 NA Floodproof five Environmental $3,100,000 
Modification feet, with an structures and concerns at salvage 

average of three acquire (buyout) yard near College 
feet lowering; one residential Avenue. High levels 
one RR bridge structure of arsenic have been 
and four to five found in the ground. 
private bridges Channel lowering is 
will need to be not designed to 
replaced or solve the flooding 
modified problems 

4. Acquisition! NA NA NA Floodproof one Least costly alternative. $ 520,000 
Floodproofin commercial and Does not solve storm 
g four industrial sewer problem, 

structures; which will be 
acquire one addressed in Phase 2 
residential 
structure 

NOTES: Of the six flood-damage-prone structures identified within this flood problem area, a total of four structures-two industrial, one residential, 
and one commercial-are located within the City of Milwaukee. The remaining two structures, both industrial structures, are located within the 
City of Oak Creek. 

NA = Not Applicable. 

Source: Milwaukee Metropolitan Sewerage District, Camp Dresser & McKee, Inc., and Kapur & Associates, Inc. 

For the problem area along the Mitchell Field Drainage Ditch, the MMSD found that the storage alternative was 
not feasible given airport development plans and Federal Aviation Administration requirements. The floodwalls 
alternative, while technically feasible, has a capital cost over three times that of the least expensive alternative, the 
acquisition/tloodproofing alternative. Although the channel modification alternative, meanwhile, can be tech
nically feasible, it presents a high capital cost, conflicts between construction and airport operations, and a need 
for some mitigation storage downstream. The acquisitionlfloodproofing alternative presents the lowest capital 
cost, approximately $466,000, among the four alternatives involved as well as minimal impacts, and probably 
offers the greatest flexibility with regard to future airport expansion. This alternative has thus been identified as 
the alternative recommended for further development in the MMSD's second, advanced planning stage for the 
Oak Creek watershed. 
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Table 13 

SUMMARY OF ALTERNATIVES EVALUATED FOR THE MITCHELL FIELD DRAINAGE DITCH 

Channel Acquisition! Capital 
Alternative Storage Modification Floodwalls Floodproofing Comments Costs 

1. Storage NA NA NA NA Only available storage Alternative 
site upstream will will not 
not solve the work 
problel\' 

2. Floodwalls NA NA 1,100 feet long, None Floodwalls will work; $1,000,000 
eight feet high no room for levee 

solution 

3. Channel Mitigation storage Widen 20 to 30 NA NA Requires an additional $5,000,000 
Modification feet, deepen box culvert that is 

three to six feet not practical or 
economical because 
of runway crossings; 
would require 
downstream storage 
to mitigate flow 
increases 

4. Acquisition! NA NA NA Floodproof three Could require $ 466,000 
Floodproofin government installation of 
g structures closures or 

operational changes 
during flood events 

NOTES: Future airport expansion may change flows and capacities and may modify or remove damaged structures. 

NA = Not Applicable. 

Source: Milwaukee Metropolitan Sewerage District, Camp Dresser & McKee, Inc., and Kapur & Associates, Inc. 
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Alternative 

1a. Acquisition 

1 b. Acquisition 

2. Floodwall 

3a. Floodproofing 

3b. Floodproofing 

3c. Floodproofing 

Table 14 

SUMMARY OF ADDITIONAL ADVANCED PLANNING ALTERNATIVES 
EVALUATED FOR THE NORTH BRANCH OF OAK CREEK 

Description Advantages Disadvantages 

Acquire two Aesthetically pleasing. Relocation of property 
apartments, two Opportunity to lower owners. High cost. 
industrial properties floodplain. No future Remaining apartment 
a long S. 13th Street commitment becomes island 

Acquire three apart- Aesthetically pleasing. Relocation of property 
ments, two industrial Opportunity to lower owners. High cost 
properties along floodplain. No future 
S. 13th Street commitment. Allows 

creation of conservation 
easement 

Construct floodwall Keeps property on tax Maintenance. Impacts 
along North Branch. roles. No relocation of access to waterway 
Replacement of S. owners. Costs split 
13th Street bridge between City and 
with elevation of MMSD 
roadway 

Construct levee around No relocation of owners Potential decrease in 
two apartment build- property value due to 
ings. Structural flood- levee. Maintenance 
proofing at two Aesthetically 
industrial properties unappealing 

Acquire two apartment No relocation for One apartment remains 
buildings. Structural industrial property isolated. Removes 
floodproofing at two owners taxable property 
industrial properties 

Acquire three apartment No relocation for Removes taxable property 
buildings. Structural industrial property 
floodproofing at two owners 
industrial properties 

Capital Cost 
(millions) 

$2.54 

I 

$3.11 

$3.72 

I 
I 

! 
! 

$1.86 

$1.17 
I 

\ 

$1.74 

NOTES: Under the advanced planning phase of the MMSD watercourse system plan, a low storm sewer analysis for 
the S. 13th Street area, coupled with field surveys of low water entry elevations, resulted in a revised esti
mate of structure flooding. The findings concluded there would be three industrial structures-two of which 
are on one property-and two apartment buildings subject to direct flooding in this area. A third apartment 
building would be surrounded by flood waters but would not be directly inundated by floodwaters at the 
building grade. 

Source: Milwaukee Metropolitan Sewerage District, Tetra Tech MPS. 
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Chapter VI 

FLOOD HAZARD MITIGATION FUNDING SOURCES 

Financing of the construction, operation, and maintenance of floodland and stormwater management facilities may 
be accomplished through the establishment of a stormwater utility; tax-incremental-financing (TIF) districts; local 
property taxes; reserve funds; general-obligation bonds; private-developer contributions, including fees paid to be 
applied toward construction of regional stormwater management facilities in lieu of providing onsite facilities; 
State grants or loans; and certain Federal and State programs. 

There are thus several options available to the City of Milwaukee and the Milwaukee Metropolitan Sewerage 
District (MMSD) for the financing of a local flood mitigation program. The identification of potential funding 
sources, including sources other than solely local-level sources, is an integral part of the implementation of a 
successful mitigation plan. The following description of funding sources includes those that appear to be 
potentially applicable for the City of Milwaukee and MMSD as of the year 2002. However, fund programs and 
opportunities are constantly changing. Because of the ongoing very proactive program for flood control which is 
being carried out, City and MMSD staff members have become familiar with the potential funding sources and 
programs that may be utilized and are currently making maximum use of such programs. It is intended that this 
list facilitate the implementation of the flood mitigation activities recommended under the flood mitigation plan 
for the City set forth in this report. Some of the programs described in this chapter may not be available under all 
envisioned conditions to the City or to its residents and/or property owners for a variety of reasons, including, for 
example, eligibility requirements or lack of funds at a given time in Federal and/or St<!-te budgets. Nonetheless, the 
list of sources and programs set forth in this chapter should provide a starting p6int for identifying possible 
funding sources for implementing the flood mitigation plan recommended in this report. 

FEDERAL EMERGENCY MANAGEMENT AGENCY PROGRAMS 

The Federal Emergency Management Agency (FEMA) funds several programs that in the State of Wisconsin are 
administered through the Wisconsin Department of Military Affairs, Division of Emergency Management. These 
programs are described below. 

Hazard Mitigation Grant Program 
The Hazard Mitigation Grant Program (HMGP) can provide up to 75 percent of the costs attendant to the 
floodproofing or acquisition and relocation of flood prone properties, or to the elevation of structures in 
compliance with National Flood Insurance Program (NFIP) standards. Under the HMGP, the balance of the costs 
is shared by the State of Wisconsin (12.5 percent) and the grantee (12.5 percent). Communities in Wisconsin can 
apply through the State for HMGP funds only after a Presidential disaster declaration is issued. Within 60 days of 
the declaration the State must submit a letter of intent to participate in the program. The State, as HMGP grantee, 
is responsible for identifying and prioritizing projects. Eligible projects must be included as part of the grantee's 
flood mitigation plan and must meet cost-benefit criteria established by FEMA. Although State and local units of 
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government are eligible applicants, HMGP funds can be provided to individuals for eligible structural projects, 
however, priority is given to nonstructural approaches, such as acquisition, demolition, relocation, and 
floodproofing. The HMGP gives priority to properties identified by FEMA as repetitive-loss properties. 

The City of Milwaukee has already obtained funds under this program for structure purchase and removal, and is 
continuing to use this program. Funding is available through this program only in set amounts. There is no 
ongoing program for structure acquisition within the City once all HMGP funds are expended. 

Flood Mitigation Assistance Program 
The Flood Mitigation Assistance (FMA) program can potentially provide up to 75 percent of the costs attendant to 
the acquisition, relocation, elevation, or dry floodproofing of structures insured under the NFIP. In addition to 
participating in the NFIP, eligible program applicants must meet cost-benefit criteria established by FEMA. The 
City of Milwaukee is eligible to apply for flood mitigation funding under the FMA program, but under recent 
indications, it appears that the amount of funding available under this program has been relatively small. The 
FMA program gives priority to properties identified by FEMA as repetitive-loss properties. 

Public Assistance Program 
FEMA's Public Assistance Program can provide some limited assistance with respect to structure elevation and 
relocation. For example, if entire portions of a community were to be relocated outside of a floodplain, this 
program can assist in rebuilding the necessary infrastructure in the new location. Funding under this program is 
provided for repair of infrastructure damaged during a flood that results in a Presidential disaster declaration if 
those repairs are shown to be cost-effective. If a community determines that a badly damaged facility is not to be 
repaired, the estimated damage amount may be used to fund hazard mitigation measures. 

Community Rating System 
Discounts may be obtained on Federal flood insurance premiums depending on community activities relative to 
public information, mapping and regulations, flood damage reduction, and flood preparedness. 

U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 
COMMUNITY DEVELOPMENT BLOCK GRANT PROGRAM 

Under the Community Development Block Grant (CDBG) program, funded by the U.S. Department of Housing 
and Urban Development, funds are sometimes provided to areas for which a Presidential disaster declaration has 
been issued. Funds obtained under this program may be used to address long-term needs as well as emergency 
response activities. CDBG grants are provided by the Federal government directly to the City of Milwaukee. 

U.S. SMALL BUSINESS ADMINISTRATION PROGRAMS 

The U.S. Small Business Administration (SBA) provides disaster loans to homeowners and businesses to repair or 
replace property damaged in a declared disaster. SBA loans are granted only for uninsured losses. Loans may be 
used to meet required building codes, such as the NFIP requirements. SBA may also provide loans for relocations 
out of special flood hazard areas when such relocations are required by local officials. Up to 20 percent of the 
loan can be used to implement such mitigation measures. While SBA's enabling legislation generally prohibits 
the agency from making disaster loans for voluntary relocations, there are exceptions that can be made, including 
relocations of homeowners, renters, and business owners out of special flood hazard areas when the community is 
participating in a buyout program. These loans would be limited to the amount necessary to repair or replace the 
damage at the disaster site. SBA loans may also be used to refinance existing mortgages. 

U.S. ARMY CORPS OF ENGINEERS 

The Corps of Engineers programs are potential sources of funding for implementing the floodland management 
recommendations of this plan. In order to be eligible for funding, the plan components must meet specific Corps 
economic feasibility and other criteria. The programs which may be applicable include the following: 
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• Section 22-Water resources planning assistance-50 percent Federal, 50 percent local cost share 

• Section 205-Small flood control projects-Maximum $5 million per project. 75 percent Federal, 25 
percent local cost share 

• Section 208-Clearing debris and sediment from channels for flood prevention-Maximum $500,000 
per project. 75 percent Federal, 25 percent local cost share 

• Section 14-Emergency streambank and shoreline protection-Maximum $500,000 per project. 75 
percent Federal, 25 percent local cost share 

WISCONSIN DEPARTMENT OF NATURAL RESOURCES PROGRAMS 

The Wisconsin Department of Natural Resources (WDNR) operates two programs that may serve as potential 
funding sources for flood mitigation efforts for the City of Milwaukee. These programs are described below. 

Urban Green Space Program 
The WDNR's Urban Green Space (UGS) program provides 50 percent matching grants to cities, villages, towns, 
counties, public inland lake protection and rehabilitation districts, and qualified nonprofit conservation 
organizations for the acquisition of land. The intent of the program is to provide natural open space within or near 
urban areas and protect scenic or ecological features. The City of Milwaukee is eligible to apply for grants under 
the UGS program. 

Urban Rivers Grants Program 
The WDNR's Urban Rivers Grants Program (URGP) provides 50 percent matching grants to municipalities to 
acquire land or rights to land on or adjacent to rivers that flow through urban areas, in order to preserve or restore 
urban rivers or riverfronts for the purposes of economic revitalization and the encouragement of outdoor 
recreational activities. The City of Milwaukee is eligible to apply for grants under the URGP. 

Stewardship Grant Program 
The administrative rules for the State of Wisconsin Stewardship Grant Program are set forth in Chapters NR 50 
and 51 of the Wisconsin Administrative Code. The WDNR's UGS program which is a component of the 
Stewardship Grant Program provides 50 percent matching grants to cities, villages, towns, counties, public inland 
lake protection and rehabilitation districts, and qualified nonprofit conservation organizations for the acquisition 
of land. The intent of the program is to provide natural open space within or near urban areas and protect scenic or 
ecological features. The City is eligible to apply for grants under the UGS program. Funding for streambank 
protection projects may also be available through the Stewardship program. 

Municipal Flood Control Grants Program 
The WDNR Municipal Flood Control Grants Program was initiated in 2001 under Section 281.665 of the 
Wisconsin Statutes. The program provides 75 percent matching grants, with a maximum set at 20 percent of the 
funding available, to all cities, villages, towns, and metropolitan sewerage districts concerned with municipal 
flood control management. Assistance is provided in two ways: 1) Local Assistance Grants that support municipal 
flood control administrative activities, and 2) Acquisition and Development Grants to acquire and remove 
floodplain structures, elevate floodplain structures, restore riparian areas, acquire land and easements for storage, 
construct flood control structures, and fund flood mapping projects. 

Stormwater Management Program 
Funds may be available from the State of Wisconsin for the installation of best management practices that meet 
the nonpoint source pollution reduction objectives set forth in Menomonee and Milwaukee River south Priority 
Watershed Study. In some cases, such funding can be used to partially fund projects and local staffing which has 
both stormwater quality and quantity functions. Chapter NR 120 of the Wisconsin Administrative Code details the 
administrative procedures of the State nonpoint source water pollution abatement program. In addition to funds 
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provided by the WDNR, it is also possible that the cost of certain recommended components of the stormwater 
drainage system may be shared between the City and the Wisconsin Department of Transportation as a part 
of future highway construction or reconstruction projects. 

In addition to the priority watershed program, the Wisconsin Department of Natural Resources also administers a 
Targeted Runoff Management (TRM) grant program provided for under Chapter NR 1201 of the Wisconsin 
Administrative Code. Grants provided under this program are intended to be used for projects to control nonpoint 
source pollution from areas of existing urban development and may be available to partially support dual-purpose 
(quality and quantity) detention ponds or other stormwater management facilities. 

LOCAL FUNDING 

As previously noted, there are a number of City- and MMSD-based options for funding flood rmtIgation 
programs. City and staff and elected officials annually review the flood mitigation programs and allocate local 
funding sources as part of the budget process. The MMSD has established a capital improvements program which 
provides funding over a multi-year period to carry out all of the projects identified in the MMSD system plan 
update needed to address the overland structure flooding problem in the City of Milwaukee. The MMSD is the 
lead agency in the plan implementation phase and will incorporate local community funding as identified in its 
flood control policy and will maximize the use of State and Federal program funds to the extent possible. 

GRANT A WARD ELIGIBILITY, ACQUISITION, AND 
ADMINISTRA TION AND PROGRAM IDENTIFICATION 

The eligibility and local contribution requirements associated with each of the aforementioned programs vary 
from program to program. The City of Milwaukee and MMSD are the lead agencies responsible for identifying 
potential flood mitigation funding sources and for acquiring and administering grant awards attendant to ongoing 
mitigation efforts in floodplain areas. 

1 Under the ongoing nonpoint source program redesign initiative of the Wisconsin Departments of Natural 
Resources and Agriculture, Trade and Consumer Protection, the urban grant provisions of Chapter NR 120, 
Nonpoint Source Pollution Abatement Program, were originally to be transferred to Chapter NR 153. However, 
as of November 2000, the WDNR was in the process of revising the proposed Chapter NR 153 to delete references 
to the urban grant program and to develop a new, as yet unnumbered, Chapter of the Administrative Code that 
would address the urban nonpoint source program. It is anticipated that the revised Chapter NR 153 and the new 
Chapter will be presented to the Natural Resources Board and made available for public comment in 2001. 
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Chapter VII 

FLOOD MITIGATION PLAN 

This chapter sets forth a description of the flood mitigation plan for the City of Milwaukee, the public participation 
activities and coordination efforts with other agencies undertaken in the preparation of the plan, strategies for plan 
implementation, and strategies for plan monitoring. 

PLAN DESCRIPTION 

The flood mitigation plan for the City of Milwaukee consists of five elements: an environmentally sensitive lands 
preservation element, a stormwater management element, a f100dland management element, a public information 
and education element, and a secondary plan element. Each element of the plan is a vital component of the City's 
overall strategy for reducing flood risk and flood damage. As detailed in this chapter as well as in certain portions 
of previous chapters of this report, many aspects of the overall plan have already been or are already being 
implemented in the form of existing and ongoing activities being carried out by the City and the Milwaukee 
Metropolitan Sewerage District (MMSD) that contribute toward realizing the City's flood mitigation goals and 
objectives. 

Environmentally Sensitive Lands Preservation Element 
Floodland management regulations and programs perform critical roles toward assuring that flood mitigation 
efforts are properly implemented. As detailed in Chapter II of this report, the City currently has several pertinent 
f100dland management regulations and programs in place, most notably in the form of City zoning regulations and 
other ordinances. Environmentally sensitive area and open space preservation in the City of Milwaukee is mainly 
being carried out by Milwaukee County under it's park and open space planning program. 

Floodplain Zoning and Wetland Preservation Zoning 
City floodland management regulations include the City'S floodplain district zoning ordinance and shoreland
wetland district zoning ordinance. The floodplain zoning ordinance is intended to preserve the floodwater 
conveyance and storage capacity of floodplain areas within the City and to prevent the location of new flood
damage-prone development in flood hazard areas. The shoreland-wetland zoning ordinance seeks to maintain 
stormwater and floodwater storage capacity through preservation of shoreland wetlands in the City. Imple
mentation of these ordinances on an ongoing basis is an integral part of the City'S flood mitigation strategy and is 
to continue, with the ordinances being reviewed from time-to-time to ensure their continued effectiveness. 

Environmentally Sensitive Area and Open Space Preservation Actions 
As noted in Chapter II of this report, the preservation of environmental corridors and important natural features 
can assist in the prevention of increased flood flows and associated problems. These areas often include the most 
significant floodplains and wetlands within a given area. The preservation of wetlands is of particular importance 
because wetlands often afford natural filtration and floodwater storage. In addition, the intrusion of intensive 
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urban land uses into environmentally sensitive areas may result in the creation of serious and costly problems, 
such as failing foundations for pavements and structures, wet basements, excessive operation of sump pumps, 
excessive clearwater infiltration into sanitary sewerage systems, and poor drainage. Destruction of ground cover 
may result in soil erosion, stream siltation, more rapid runoff, and increased flooding. 

The role of preserving the environmental corridors and isolated natural resource areas in the City is carried out in 
large part by Milwaukee County under its park and open space planning program and by the City of Milwaukee in 
administering the building sewer extension review program which is designed to limit development of the 
environmental corridors. Under full implementation of the actions envisioned under these programs, the important 
natural resource features in the City would be protected and preserved for resource preservation and other open 
space purposes, as detailed in Chapter II of this report. The County's planned actions with regard to the 
preservation of environmental corridors and isolated natural resource areas-which encompass much of the 
wetlands and floodlands in the City-were described in Chapter II. 

The actions already taken and planned to be taken with regard to preserving and protecting environmentally 
sensitive areas and open space areas thus constitute an integral part of the City's flood mitigation efforts. The plan 
calls for these actions to continue to be implemented. 

Stormwater Management Element 
Because of the interrelationship between stormwater management and floodland management, stormwater 
management actions are an important element of the flood mitigation plan. This element of the plan includes 
stormwater ordinances and related regulations. 

Storm water-Related City Regulations 
The City, through Chapter 120 of the municipal code, seeks 1) the promotion of the public health, safety, and 
general welfare; 2) the establishment of procedures to control the adverse impacts associated with stormwater 
runoff; 3) assistance in the attainment and maintenance of water quality standards; 4) reduction of the effects of 
development on land and stream channel erosion; 5) maintenance of runoff characteristics after development as 
nearly as possible to predevelopment runoff characteristics; and 6) the minimization of damage to public and 
private property. The specific provisions involved are noted in Chapter II of this report. The City has also enacted 
a construction site erosion control ordinance based on the State of Wisconsin model ordinance. As in the case of 
the floodplain and shoreland-wetland zoning provisions noted above, implementation of these ordinances on an 
ongoing basis is an integral part of the City's flood mitigation strategy and is to continue under this plan. 

Floodland Management Element 
As noted in Chapter IV, identification, analysis, and recommendation of possible methods of mitigating flooding 
problems in the City have been the subject of various planning efforts. The most recent effort is that which is 
currently being carried out by the MMSD under its watercourse system plan update. This planning effort is 
intended to update and refine the 1990 MMSD watercourse system plan, which in turn was built upon the findings 
of the comprehensive watershed system plans prepared by SEWRPC for the five major watersheds that lie within 
the City. As with those earlier efforts, the current planning program uses the watershed as the basic geographic 
unit for planning. Thus, the flood land management elements set forth below are also presented by watershed in 
summary form. Additional detail regarding the plan for each watershed is available in the referenced advanced 
planning reports prepared by various consultants for the MMSD. 

Floodland Management Plan/or the Kinnickinnic River Watershed 
The MMSD is currently in the advanced planning stage of its watercourse system plan for the Kinnickinnic River 
watershed. As such, final recommendations for flood mitigation are currently being formulated for the three 
streams for which structural flood damages have been identified. Preliminary information'regarding the cUITcntly 
preferred plans is set forth in Table 15 and shown on Maps 13 and 14. As described in Chapters IV and y, major 
structural improvements have been completed by the City of Milwaukee and the MMSD along the Kinnickinnic 
River main stem. Those channel modifications have largely resolved a serious flooding problem which had 
previously affected the most severely flood impacted area in the watershed. 
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Table 15 

COMPONENTS AND COSTS OF FLOODLAND MANAGEMENT PLAN FOR THE KINNICKINNIC RIVER WATERSHED 

Estimated Estimated 
Stream Plan Components Capital Cost Benefits 

Lyons Park Creek 1. Replace nine-foot by five-foot reinforced concrete (RC) 
box under S. S7th Street with 12-foot by six-foot RC box 

2. Replace 12-foot by eight-foot RCPA under W. Stack Avenue 
with 16-foot by eight-foot Racine County box 

3. Replace 10-foot by six-foot RC box under W. Cleveland 
Avenue with 12-foot by eight-foot RC box 

Subtotal - Lyons Park Creek $ 778,000 $823,000 

Villa Mann Creek Tributary 1. Remove 60-inch and 66-inch RCP between motel parking lot 
and confluence with Villa Mann Creek 

2. Construct open channel between motel parking lot and 
confluence with Villa Mann Creek 

3. Replace 60-inch and 66-inch RCP motel parking lot with 
8.S-foot by five-foot RC box 

Subtotal - Villa Mann Creek Tributary $ 633,000 $248,000 

Kinnickinnic River 1. Regrade stream bank along 2,700-foot-long reach between 
S. 43rd and S. 60th Streets 

2. Construct concrete headwalls and/or end sections with 
riprap revetments 

Subtotal - Kinnickinnic River $1,000,000 - -a 

Total - Watershed $2,411,000 --

aproject is designed to eliminate streambank erosion. Thus, there are no direct quantitative monetary flood abatement 
benefits. 

Source: Harza Engineering Company, U.S. Army Corps of Engineers, Milwaukee Metropolitan Sewerage District, and 
SEWRPC. 

In 2002, the mayor of the City of Milwaukee, citing safety and environmental concerns, pledged to improve 
streams in the Milwaukee area by removing the existing concrete linings, as exists along the Kinnickinnic River 
between S. 6th and S. 27th Streets. As a result, the U.S. Army Corps of Engineers is currently conducting a 
feasibility study of the lining removal for the River. There are no current recommendations as to the removal of 
the lining, however, any future plan for such removal will need to address the impact on flooding along that 
stream reach. 

As shown on Map 13, the currently preferred plan for Lyons Park Creek consists of replacement of existing 
roadway culverts at S. 57th Street, W. Stack Drive, and W. Cleveland Avenue. At S. 57th Street the existing nine
foot-wide by five-foot-high reinforced concrete box culvert would be replaced with a 12-foot-wide by six-foot
high reinforced concrete box culvert. At W. Stack Avenue the existing 12-foot-wide by eight-foot-high corrugated 
metal pipe arch would be replaced with a 16-foot-wide by eight-foot-high reinforced concrete box culvert. At 
W. Cleveland Avenue the existing lO-foot-wide by six-foot-high reinforced concrete box culvert would be 
replaced with a 12-foot-wide by eight-foot-high reinforced concrete box culvert. 

Along the Villa Mann Creek Tributary, the existing channel enclosure east of S. 27th Street would be replaced 
with an open channel between the existing motel parking lot and the confluence with Villa Mann Creek, a 
distance of about 700 feet. The capacity of the existing 60- and 66-inch-diameter reinforced concrete circular 
culverts conveying the channel beneath the parking lot would be increased by adding a culvert of similar size. 

Although no structural flood damages have been identified within the City along S. 43rd Street Ditch, measures 
aimed at alleviating flooding north of W. Lincoln Avenue in the City of West Milwaukee may be located within 
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Map 13 

FLOOD CONTROL PLAN FOR LYONS PARK CREEK 

AVENUE 

MORGAN AVENUE 

II CULVERT REPLACEMENT 

Source: Hana Engineering Company and SEWRPC. 
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Map 14 

FLOOD CONTROL PLAN FOR VILLA MANN CREEK TRIBUTARY 
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the City of Milwaukee portion of the subwatershed. The MMSD is currently working with the communities to 
arrive at a workable plan for this area. 

Full implementation of the floodland management actions for the subwatershed areas involved would eliminate 
structure flood damages due to direct overland flooding along Lyons Park Creek and the Villa Mann Creek 
Tributary for floods up to and including the 100-year recurrence interval flood event under planned land use and 
channel conditions. 

In addition to those actions directed at eliminating structural flood damages, the MMSD is currently partnering 
with the U.S. Army Corps of Engineers on a project to address serious streambank erosion problems along the 
Kinnickinnic River in the City, as noted in Chapter N. The plan as developed by the Corps involves a 2,700-foot 
reach of the River between S. 43rd and S. 60th Street. Within this reach, selected portions of the streambank at 
five locations would be stabilized through the placement of riprap revetments, while existing storm sewer outfall 
culverts would be extended. 

As shown in Table 15, the estimated capital cost of implementing the currently preferred floodland management 
plan for the Kinnickinnic River watershed is about $1.4 million, plus an additional $1.0 million for the 
streambank stabilization measures along the Kinnickinnic River. The cost of any additional plan for the S. 43rd 
Street Ditch is not included in this total. 

Floodland Management Plan/or the Menomonee River Watershed 
In July 2002, the MMSD released the Phase 2 report for its watercourse system plan for the Menomonee River 
watershed. The floodland management plan resulting from that advanced planning stage, for those stream reaches 
that impact the City of Milwaukee, is set forth in Table 16 and shown on Maps 15, 16, and 17. 

As shown on Map 15, the floodland management plan for the Menomonee River calls for a combination of the 
following measures: 1) acquisition of eight properties and construction of 750 feet of earthen berm and 750 feet of 
concrete floodwall in the Valley Park neighborhood in the City of Milwaukee; 2) acquisition of 46 properties, 
lowering the floodplain by one to two feet, and construction of about 6,500 feet of earthen berm in the Hart Park 
area of the City of Wauwatosa; 3) acquisition of one residential and 16 nonresidential structures in the Cities of 
Milwaukee and Wauwatosa; 4) floodproofing of four municipal buildings in Hart and Jacobus Parks in the City of 
Wauwatosa; 5) lowering the floodplain by one to two feet and construction of about 4,200 feet of levees and 
floodwalls in the City of Milwaukee; 6) construction of an 800 acre-foot detention basin on the Milwaukee 
County Grounds in the City of Wauwatosa; 7) raising the height of the existing levee and floodwall at the Falk 
Corporation property by up to five feet to prevent overtopping during a 100-year flood event; and 8) removal or 
replacement of an existing access bridge upstream of Hawley Road in the City of Milwaukee. Although some of 
these plan elements are located outside of the City of Milwaukee, they are integral to the design and function of 
those elements that are located in the City. In particular, the floodplain lowering along Hart Park and the 
Milwaukee County Grounds detention basin serve to reduce downstream flood discharges in Milwaukee, thus, 
reducing the size of the required plan elements in that area. Thus, the plan as a whole is presented herein. 

As of mid-2002, the MMSD had completed the property acquisition and construction of the earthen berm and 
floodwall in the Valley Park neighborhood. Also, as of mid-2002, the acquisition and removal of the 46 structures 
in the Hart Park area of the City of Wauwatosa was nearly completed. 

In 2001, the MMSD completed the construction of the 58 acre-foot dry detention basin for Grantosa Creek at 
Timmerman Airport in the City of Milwaukee. That detention basin serves to eliminate overland flooding to 
buildings immediately south of W. Hampton A venue in the City of Wauwatosa, and to reduce surcharging along 
the Grantosa Creek enclosure along N. 100th Street and W. Grantosa A venue. As part of the second phase system 
planning for Grantosa Creek, field surveys were conducted along the lower Grantosa Creek area and along the 
channel enclosure. Those surveys indicated that no structures in the City of Milwaukee would be subject to 
flooding during a 100-year recurrence interval event. 
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Table 16 

COMPONENTS AND COSTS OF FLOODLAND MANAGEMENT PLAN FOR THE MENOMONEE RIVER WATERSHED 

Estimated Estimated 
Stream Plan Components Capital Cost Benefits 

Menomonee River 1. Acquire eight residential properties in the Valley 
Park neighborhood 

2. Construct 750-foot-long berm and 750-foot-long 
reinforced concrete floodwall along Valley Park 
neighborhood 

3. Acquire 46 structures in the Hart Park neighborhood 
4. Lower floodplain by one to two feet in the Hart Park 

area and western Milwaukee area 
5. Construct 6,500 feet of earthen berm in the Hart Park 

area 
6. Acquire one residential and 16 nonresidential 

structures in the Cities of Milwaukee and Wauwatosa 
7. Floodproof four municipal structures in Hart Park and 

Jacobus Park in the City of Wauwatosa 
8. Construct 4,200 feet of levees and floodwalls in the 

western Milwaukee area 
9. Construct 800 acre-foot detention basin on Milwaukee 

County Grounds 

10. Raise the height of the existing levee and floodwall at 
the Falk Corporation property 

11. Remove or replace access bridge located upstream of 
Hawley Road 

Subtotal - Menomonee River $ 96,000,000- $10,300,000a 
$124,000,000 

Grantosa Creek 1. Construct 58 acre-foot detention basin at Timmerman 
Airport 

Subtotal - Grantosa Creek - -b - -b 

Little Menomonee River 1. Acquire one residential property 

Subtotal- Little Menomonee River $ 150,000 $ 20,000 

Total- Watershed $ 96,150,000- I--

$124,150,000 $10,320,000 

aBenefits taken from MMSD Menomonee River Phase 1 system plan and reflects reduction of damages in both the Cities of 
Milwaukee and Wauwatosa. 

bNo cost or benefit given. This element has already been implemented. 

Source: Milwaukee Metropolitan Sewerage District; Earth Tech, Inc.; and SEWRPC. 

The floodland management measures for the Little Menomonee River are shown on Map 17, and include the 
acquisition of one residential property. 

Full implementation of the floodland management actions recommended for the subwatershed areas involved 
would eliminate structure flood damages due to direct overland flooding along the Menomonee River, Grantosa 
Creek, and the Little Menomonee River for floods up to and including the lOO-year recurrence interval flood 
event under planned land use and channel conditions. 

As shown in Table 16, the estimated capital cost of implementing that portion of the recommended floodland 
management plan for the Menomonee River watershed that directly impacts on the City of Milwaukee would 
range from about $96 to $124 million. 
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Map 17 

FLOOD CONTROL PLAN FOR THE LITTlE MENOMONEE RIVER 
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Source: Milwaukee Metropolitan Sewerage District and SEWRPG. 
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In addition to the specific mitigation measures recommended above, it is important to note that there are a number 
of projects in the planning and design phases proposed in the Menomonee Valley area which are planned to 
incorporate stormwater and floodland management measures. These include development of an environmentally 
sensitive industrial park on a large tract of vacant land between 27th Street and Miller Park, the planned 
reconstruction and extension of Canal Street, and other projects being coordinated by the City of Milwaukee 
Department of City Development and the Menomonee Valley Partners. Stormwater and floodland management 
measures are being integrated into these projects as part of the overall project design. 

Floodland Management Plan for the Milwaukee River Watershed 
As reported in Chapter V, current floodland management planning in the Milwaukee River watershed as it relates 
to the City of Milwaukee is focused on the Lincoln Creek and, to a lesser extent, the Southbranch Creek 
subwatersheds. The floodland management plans for Lincoln Creek and Southbranch Creek are set forth in 
Table 17, and shown on Maps 18 and 19, respectively. As of mid-2002, the plans for both streams had been fully 
implemented. 

Full implementation of the flood land management actions for the subwatershed areas involved should eliminate 
structure flood damages due to direct overland flooding along Lincoln Creek and Southbranch Creek for floods up 
to and including the 100-year recurrence interval flood event under planned land use and channel conditions. 
Roadway flooding during the 100:'year flood event should also be eliminated. Of note is the fact that 205 of the 
207 repetitive-loss properties reported in Chapter IV are located within the Lincoln Creek subwatershed, and thus 
addressed by the floodland management plan. This includes three properties that meet the FEMA high-priority 
criteria. 

Floodland Management Plan for the Oak Creek Watershed 
The MMSD is currently in the advanced planning stage of its watercourse system plan for the Oak Creek 
watershed. As such, final recommendations for flood mitigation are now being formulated for the two streams for 
which structural flood damages have been identified in the City of Milwaukee portion of the watershed. 
Information regarding the preliminary recommendations is set forth in Table 18 and shown on Map 20. 

As shown on Map 20, the preliminary recommendation as it pertains to the upper portion of the North Branch of 
Oak Creek consists of constructing a concrete floodwall along the north side of the stream channel and replacing 
the S. 13th Street bridge. This recommendation was formulated under the second, advanced planning phase. 

The preliminary floodland management recommendation for the Mitchell Field Drainage Ditch consists of 
floodproofing three structures belonging to the Wisconsin Air National Guard, located at Milwaukee Mitchell 
International Airport. This recommendation is subject to change as the ongoing advanced planning work by the 
MMSD is investigating additional plan options. Determination of a final plan will be based upon coordination 
with all parties involved, including the MMSD, Milwaukee County, and the City of Milwaukee. 

Full implementation of the preliminary floodland management actions recommended for the subwatershed areas 
involved would eliminate structure flood damages due to direct overland floodiri'g along the North Branch of Oak 
Creek and the Mitchell Field Drainage Ditch in the City of Milwaukee for floods up to and including the lOO-year 
recurrence interval flood event under planned land use and channel conditions. 

As shown in Table 18, the estimated capital cost of implementing the City of Milwaukee portion of the Oak Creek 
watershed flood land management plan is about $986,000. 

Public Information and Education Element 
Public information, education, and participation constitute an integral aspect of the City of Milwaukee's flood 
mitigation and related efforts. As discussed in Chapter II, informational and educational efforts oriented toward 
resolving the flooding and related stonnwater drainage and sanitary sewer backup problems in the City have been 
addressed primarily through the combined efforts of the City, the MMSD, and Milwaukee County. This element 
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Table 17 

COMPONENTS OF FLOODLAND MANAGEMENT PLAN FOR THE MILWAUKEE RIVER WATERSHEDa 

Stream Plan Components 

Lincoln Creek 1. Lower floodplain along 0.70-mile-long reach between N. Teutonia Avenue and a 
point downstream from W. Villard Avenue 

2. Replace existing concrete lining with turf and add low-flow aquatic habitat along 
0.60-mile-long reach between N. Teutonia Avenue and N. 32nd Street 

3. Modify channel with selected floodplain lowering and add low-flow aquatic 
habitat along 2.34-mile-long reach between N. 32nd Street and N. 60th Street 

4. Replace existing concrete lining with turf and add low-flow aquatic habitat along 
1.56-mile-long reach between N. 60th Street and a point upstream from W. Silver 
Spring Drive 

5. Channel modification along 2.65-mile-long reach between a point upstream from 
W. Silver Spring Drive and the Union Pacific Railroad crossing located east of N. 
60th Street 

6. Construct 85 acre-foot detention basin north of W. Greentree Road 
7. Construct 90 acre-foot detention basin at Havenwoods State Forest 
8. Create detention storage by lowering the north overbank north of W. Silver 

Spring Drive 
9. Replace, modify, or remove 13 bridges and culverts 

Subtotal- Lincoln Creek 

South branch Creek 1. Construct 19 acre-foot detention basin south of W. Bradley Road 
2. Construct 17 acre-foot detention basin at Brown Deer Village Library 
3. Construct 11 acre-foot detention basin south of Dean Elementary School 
4. Construct 22 acre-foot detention basin along Churchil.1 Lane between N. 48th 

and N. 51st Streets 
5. Modify channel along 1,300-foot-long reach between W. Bradley Road and a 

point about 560 feet downstream from N. 55th Street 
6. Replace culvert under N. 51st Street with two 10-foot by seven-foot reinforced 

concrete box culverts 
7. Replace existing culvert under N. 53rd/54th Street with open channel 
8. Replace culvert under N. 55th Street with two 12-foot by six-foot reinforced 

concrete box culverts 

aAs of mid-2002, the floodland management plans for Lincoln Creek and Southbranch Creek had been implemented. 
Therefore, no cost estimate for these plans is provided. 

Source: CH2M Hill; Earth Tech, Inc.; and SEWRPC. 

has been carried out under three subelement activities which are expected to be continued. These three sub
elements include the MMSD stakeholder groups, public education activities, and public information programming 
and coordination associated with detailed stormwater and floodland management plans. 

MMSD Stakeholder Groups 
The first subelement involves the creation and activIty of the MMSD stakeholder groups as described in 
Chapter II of this report. These groups have been formed by the MMSD on a watershedwide basis and include 
representatives of the City of Milwaukee and other concerned local units of government including Milwaukee 
County, SEWRPC, and Wisconsin Department of Natural Resources (WDNR), as well as other public and/or 
private agencies and organizations such as environmental and neighborhood organizations and concerned private 
businesses. Stakeholder meetings allow the various parties involved to offer feedback to the MMSD regarding the 
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Map 18 
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Map 19 

FLOOD CONTROL PLAN FOR SOUTHBRANCH CREEK 
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Table 18 

COMPONENTS AND COSTS OF FLOODLAND MANAGEMENT PLAN FOR THE OAK CREEK WATERSHED 

Estimated Estimated 
Stream Plan Components Capital Cost Benefits 

North Branch of Oak Creek 1. Construct concrete floodwall along stream 
channel. Replace S. 13th Street bridge 

Subtotal- North Branch of Oak Creek $3,720,000 $383.00 

Mitchell Field Drainage Ditch 1. Floodproof three buildings at Wisconsin Air 
National Guard at Milwaukee Mitchell 
International Airport 

Subtotal- Mitchell Field Drainage Ditch $ 466,000 $119,000 

Total- Watershed $4,186,000 $502,000 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 

development of its stormwater and floodland management plans. Stakeholder meetings have been held since 1998 
and continue to be held through the planning process. 

Public Education Activities 
The second subelement involves preparation and distribution of educational and self-help materials and provision 
of educational programs. Under this subelement of the flood mitigation plan, the MMSD has prepared and 
distributed various public informational and educational materials, including materials oriented toward local 
homeowners and local government agencies and designed to help them consider and potentially undertake actions 
to mitigate damage caused by stormwater flooding and sanitary sewer backups throughout the District, including 
the City of Milwaukee. In addition, the MMSD has established an internet site aimed at keeping interested parties 
up-to-date on the its planning activities. The District has also undertaken an extensive public informational and 
educational program directed toward reducing infiltration and inflow into its sanitary and combined sewer 
systems. That program includes radio programming, public educational materials, and the financing of pilot 
demonstration projects for III removal in eight communities. 

In addition to the MMSD efforts, the Milwaukee County Sheriffs Department, Division of Emergency 
Management, has prepared and distributes a number of public educational materials, a self-help booklet for local 
property owners (see Appendix A). The guide sets forth potential preventive measures that may be taken by 
homeowners to mitigate flood damages. The booklet also provides basic information about flood warnings, as 
well as NFIP and various Federal and State aid programs that may be available to flood victims. In addition to the 
booklet, a corresponding videotape is available through the Milwaukee County Federated Library System and the 
Milwaukee County Sheriffs Department, Division of Emergency Management. 

Public Participation Activities and Coordination with Other Agencies and Units of Government 
The third subelement of this program involves direct public participation and coordination with other agencies 
during detailed stormwater and floodland management plan development. As previously noted, the MMSD has 
formed stakeholder groups to help guide the planning process for each of the major watersheds within its 
jurisdiction. These groups allow local officials and neighborhood groups an opportunity to provide information 
regarding flooding and drainage problems, as well as comments regarding potential solutions for those problems. 
In some municipalities, the MMSD has also held community workshops to obtain input regarding possible 
solutions to flooding problems in the context of what kind of community resource area residents desire regarding 
their watercourse. Also, the City of Milwaukee and the MMSD have participated in a series of meetings with 
the Southeastern Municipal Executives (SEME). These meetings, facilitated by SEWRPC, have focused on 
identifying common goals and intergovernmental efficiencies to produce more effective solutions to flooding 
problems. 
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Map20 

FLOOD CONTROL PLAN FOR THE NORTH BRANCH 
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Toward further informing the public regarding flood mitigation, stormwater and flood land management, and 
related issues, the MMSD and other concerned units and agencies of government, including the City of Mil
waukee and Milwaukee County, should continue to involve members of the general public and to seek public 
input in the preparation and implementation of recommendations regarding such issues. 

Secondary Plan Element 
In addition to the abovenoted measures, several secondary measures are also to be implemented. These secondary 
measures are described below. 

National Flood Insurance Program and Floodplain Map Updating Efforts 
The City of Milwaukee has been designated by the Federal Emergency Management Agency (FEMA) as having 
flood hazard areas and has taken the steps needed to make its residents eligible to participate in the National Flood 
Insurance Program (NFIP). An initial Flood Insurance Study (FIS) has been completed by FEMA for the City. 
The City shall continue to participate in the NFIP and, as necessary, shall request that FEMA revise local flood 
insurance studies to reflect new flood hazard data. Furthermore, owners of property in flood prone areas within the 
City should purchase flood insurance to provide some financial relief for losses sustained in floods that may occur 
before the implementation of any recommended flood control measures. Finally, as the flood control measures are 
implemented, FEMA should make necessary revisions to the flood insurance study for the City. 

As detailed in Chapter II of this report, the floodplains in the City are currently delineated and mapped as 
documented in a FEMA FIS dated November 1987. In 1990 a cooperative agreement was executed between Mil
waukee County and three local utility companies for the development and maintenance of a Milwaukee County 
Automated Land Information System (MCAMLIS). Under that program, large-scale digital topographic mapping 
has been prepared for all of Milwaukee County, including the City of Milwaukee. The MCAMLIS Steering 
Committee has also requested that SEWRPC carry out a digital floodplain mapping program. That program is 
being conducted as a cooperative effort between SEWRPC and the MMSD. As part of that program, hydrologic 
and hydraulic analyses are being conducted to update flood flows and stages to reflect current channel conditions, 
as well as a uniform land use condition. The updated analyses and floodplain mapping will reflect completed 
flood mitigation projects and other changed conditions, such as the removal of the North Avenue dam. The City 
of Milwaukee is currently in the process of coordinating the preparation, approval, and adoption of updated 
mapping, with the emphasis on the Menomonee River, Lincoln Creek, and Milwaukee River areas. Thus, the 
resulting floodplains will represent a revision of those based on the FEMA FIS and currently used for zoning 
purposes by the City of Milwaukee. 

Upon completion of the MCAMLIS floodplain mapping program, the City shall amend its floodplain zoning 
ordinance to reflect the updated 100-year recurrence interval water surface profiles. In doing so, the City will first 
need to submit its proposed floodplain revisions and additions to the WDNR for approval and also request 
revision of the applicable flood insurance rate maps by the FEMA Federal Insurance Administration. 

Lending Institution and Real-Estate-Agent Policies 
The plan calls for lending institutions to continue their practice of determining the floodprone status of properties 
before mortgage transactions and that the principal sources of flood hazard information be the most recent 
available studies for the watersheds and subwatersheds located partly or wholly within the City. Furthermore, 
real-estate brokers and salespersons are to continue to inform potential purchasers of property of any flood hazard 
that may exist at. the site being traded in accord with rules of the Wisconsin Department of Regulation and 
Licensing, Bureau of Direct Licensing and Real Estate. 

Community Utility Policies and Emergency Programs 
The policies of the governmental units and agencies responsible for the design, construction, operation, and 
maintenance of public utilities and facilities, such as water supply and sewerage facilities, drainageways, and 
streets and highways, are to carry out those functions in a manner fully consistent with the land use and flood land 
regulation recommendations set forth or noted in this plan. Also, the City of Milwaukee and Milwaukee County 
will continue to implement existing emergency procedures and develop appropriate new emergency procedures as 
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needed to provide residents of the City with timely information about floods in progress and to help them in 
taking appropriate action. 

Stream Channel Maintenance 
The City of Milwaukee will work cooperatively with the MMSD to continue ami expand a program of regular 
stream channel maintenance. This program would include the periodic removal of sediment deposits, selected 
heavy vegetation, and debris from all watercourses within the City, including bridge openings and culverts. Under 
a 1999 revision to its watercourse policy plan,1 the MMSD would assume responsibility for carrying out channel 
maintenance duties for the streams under its jurisdiction, but only under certain conditions. Specifically, the 
MMSD would conduct channel clearing only for those instances where the deposition of sediment or debris 
would materially raise the elevation of the 100-year recurrence interval flood profile as established under its 
watercourse system plan such that additional structures would be placed within the resulting floodplain. In no 
instance would the MMSD assume responsibility for the clearing of bridge and culvert openings. While the 
criteria used by the MMSD would address the most severe problems associated with channel obstructions, it does 
not address the potential for other problems that may arise, such as an increase in the incidence and severity of 
roadway flooding and the obstruction of storm sewer outlets. Those problems will need to be addressed by the 
City of Milwaukee. Therefore, the City will work with the MMSD in identifying those instances where channel 
maintenance would meet the MMSD criteria. The City will also develop its own program for providing channel 
maintenance where the MMSD jurisdiction is not in place. 

Storm water Management Facilities Maintenance 
The effectiveness of stormwater management conveyance and detention facilities and other management 
measures can be sustained only if proper operation, repair, and maintenance procedures are carefully followed. 
Important maintenance procedures include the periodic repair of storm sewers, clearing of sewer obstructions, 
maintenance of open vegetation channel linings, clearing of debris and sediment from open channels, maintenance 
of detention facility inlets and outlets, maintenance of detention basin vegetative cover, and periodic removal of 
sediment accumulated in detention basins. The plan calls for these maintenance activities to be carried out on a 
continuing basis to maximize the effectiveness of the stormwater management facilities .and measures and to 
protect the capital investment in the facilities. 

PROBLEM RESOLUTION FOR REPETITIVE LOSS STRUCTURES 

As reported in Chapter IV of this report, there are 168 single-family residences, 36 multi-family residences, and 
three nonresidential buildings categorized by the Federal Emergency Management Agency as repetitive loss 
structures. There are 205 of these structures located in the Lincoln Creek subwatershed. Three of those structures 
are also in the FEMA "high priority" target list. As noted above, the flood land management measures that have 
recently been completed by the MMSD for that stream are expected to eliminate all structural damages due to 
overland flooding for floods up to and including the 100-year recurrence interval event. 

There are two remaining repetitive loss structures in the City of Milwaukee, one of which is an industrial building 
located in the Brown Deer Park Creek subwatershed, and the other is a tavern with attached living quarters 
located in the Kinnickinnic River watershed. Both of these structures are located well away from the receiving 
stream for their respective drainage basin, and neither of them is located within the identified lOO-year recurrence 
interval floodplain. Thus, it would appear that damages sustained at these two locations were related to localized 
stormwater drainage problems and not by direct stream flooding. Neither property reported damage from the 1997 

1A policy for MMSD storm water drainage and flood control was initially set forth in SEWRPC Community 
Assistance Planning Report No. 130, A Stormwater Drainage and Flood Control Policy Plan for the Milwaukee 
Metropolitan Sewerage District, March 1986. In 1998 the Milwaukee Metropolitan Sewerage Commission.formed 
a Watercourse Policy Advisory Group to review and revise the District's policy plan. 1he recommendations of 
that committee were adopted by the Sewerage Commission in 1999. 
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or 1998 flood events. There are currently no stormwater or floodland management plans for the respective 
receiving streams for these two properties. 

PLAN IMPLEMENTATION STRATEGIES 

The flood mitigation plan described in this report is designed to attain, to the maximum extent practicable. the 
goals and objectives set forth in Chapter III of this report. In a practical sense, however, the plan is not complete 
until the steps to implement it-that is, to convert the plan into action policies and programs-have been 
specified. Following formal adoption of the plan by the City of Milwaukee, realization of the plan will require a 
long-term commitment to the objectives of the plan and a high degree of coordination and cooperation among 
City officials and staff and various City departments and; intergovernmental task forces or other committees that 
may be created in the future to help address common flood mitigation issues; other concerned units and agencies 
of government and their respective officials and staffs, area developers and lending institutions, and concerned 
private citizens in undertaking the substantial investments and series of actions needed to implement the plan. 
Other units and agencies concerned in plan implementation include, but are not limited to, the MMSD; other 
municipalities located partly or wholly within the watershed areas that lie partly within the City of Milwaukee; the 
Milwaukee County Sheriffs Department, Division of Emergency Management; SEWRPC; the WDNR; the 
Wisconsin Department of Military Affairs, Division of Emergency Management; and FEMA. A summary of the 
plan elements, including estimated costs, designated management agencies, and schedules is included in Table 19. 

Implementation Strategies: Environmentally Sensitive Lands Preservation Element 
As noted previously in this chapter and as detailed in Chapter II of this report, the City of Milwaukee and 
Milwaukee County currently have several regulations and programs in place that are relevant to flood land 
management. Regulations and programs that are implemented and enforced by the City's Departments of City 
Development and Public Works include floodplain zoning, shoreland-wetland zoning, and other related ordi
nances. The Milwaukee County Department of Parks, Recreation and Culture is responsible for implementation of 
the County parks and open space plan. 

The plan calls for the City to continue to implement, on an ongoing basis, its floodplain district zoning ordinance 
and its shoreland-wetlaneJ zoning ordinance. It also calls for the City to continue to implement, on an ongoing 
basis, its ordinances regarding the control of erosion at construction sites. Similarly, the plan calls for Milwaukee 
County to continue to carry out, on an ongoing basis, its previously determined actions to protect and preserve the 
environmentally sensitive areas and open space areas located within the City, including actions to protect and 
preserve environmental corridors and isolated natural resource areas within the City for resource preservation and 
other open space purposes, as envisioned under the County's park and open space planning program. 

Implementation Strategies: Stormwater Management Element 
As noted previously in this chapter, the City has ordinance provisions that pertain to stormwater management, 
including the following: 1) the prohibition of discharging, spilling, or dumping substances or materials that are 
not entirely composed of stormwater into receiving bodies of water, storm sewers, or drainage facilities, or onto 
areas that drain into the stormwater drainage system; 2) the prohibition of connecting any building wastewater 
sewer or drain to the stormwater drainage system; and 3) requirement of the development and approval of a 
stormwater management plan for any residential, commercial, industrial, or institutional improvement or 
subdivision of property with a gross aggregate area of five acres or more. To help assure that stormwater runoff 
does not increase downstream flows or aggravate flooding problems, the City is to continue to implement these 
regulations on an ongoing basis. 

Implementation Strategies: Floodland Management Element 
Coordination with land use development and redevelopment is fundamental to successful implementation of a 
floodland management plan. Within the City of Milwaukee "buildout" land use conditions has almost been 
achieved. The estimated rates and volumes of runoff used in the development of the recommended f100dland 
management actions under the current MMSD planning effort were determined based on planned year 2020 land 
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Table 19 

CITY OF MILWAUKEE FLOOD MITIGATION PLAN SUMMARY AND IMPLEMENTATION STRATEGIES 

Estimated 
Plan Element Subelement and Capital Designated Implementation Plan Implementation 

and Plan Adoption Plan Implementation Strategies Cost Management Agency Status Notes Schedule 

Environmentally Sensitive Continue to implement floodplain zoning --a City of Milwaukee and Plan implementation largely complete in In place and ongoing 
Land Preservation and wetland preservation zoning Milwaukee County City of Milwaukee. Wetland areas are 

under County or City ownership. 
Additional actions are needed within 
watershed 

Continue to implement environmentally .. a City of Milwaukee and Plan implementation largely complete. In place and ongoing 
sensitive land and open space Milwaukee County, with Environmentally sensitive lands are all 
preservation and acquisition policies possible involvement by under County ownership. Additional 

MMSD on watershed basis actions are underway within watershed 
by MMSD 

Stormwater Management Continue implementation of stormwater- _. a City of Milwaukee Currently being implemented Ongoing 
related regulation and policies 

Floodland Management Continue with second-level system plans 
and then detailed design and 
implementation 

Kinnickinnic River Watershed 

Kinnickinnic River $ 1,000,000b MMSD and U.S. Army Corps Detailed design complete 2003 
of Engineers 

Lyons Park Creek $ 778,000b City of Milwaukee, MMSD Required replacement bridge sizes provided Bridge replacement as part of normal 
by MMSD to City of Milwaukee roadway 

Villa Mann Creek Tributary $ 633,000b MMSD and City of Second-level system plan complete 2006 
Milwaukee 

Menomonee River Watershed 

Menomonee River $ 96,000,000h Cities of Milwaukee and Implementation underway with second- Continue preliminary and detailed design in 
$ 124,000,000 Wauwatosa, MMSD in level planning completed. Preliminary 2003. Implementation of County Grounds 

cooperation with water- design for all projects. Valley Park levee detention basins in 2005, western 
shed stakeholders project completed. Acquisition and Milwaukee levee and acquisition in 

removal of structures in Hart Park 2010-2013 
neighborhood nearly complete 

Grantosa Creek .. c Cities of Milwaukee and Timmerman Airport detention basin Design and implementation of Madison 
Wauwatosa, MMSD in completed. Second-level planning Park levee and stream stabilization in 
cooperation with completed for remainder of Creek 2005-2007. Lower Grantosa Creek 
Milwaukee County measures in City of Wauwatosa to be 

implemented in 2011 

Little Menomonee River $ 150,000b MMSD in cooperation with Second-level system plan complete 2007 
City of Milwaukee 

Menomonee River Watershed 

Lincoln Creek .. c MMSD and City of As of mid·2002, all phases of project Landscaping to be completed in 2003 
Milwaukee in cooperation completed with the exception of some 
with Milwaukee County minor stream bank stabilization and 
andWDNR landscaping 

South branch Creek .. c MMSD, Village of Brown Project completed .-

j Deer, and City of 
i Milwaukee 

-



Table 19 (continued) 

Estimated 
Plan Element Subelement and Capital Designated Implementation Plan Implementation 

and Plan Adoption Plan Implementation Strategies Cost Management Agency Status Notes Schedule 

Floodland Management Oak Creek Watershed 
(continued) North Branch of Oak Creek $ 3,720,000b MMSD and City of Second-level system plan complete 2007 

Milwaukee 

Mitchell Field Drainage Ditch $ 466,Ooob MMSD, City of Milwaukee, Second-level system plan complete 2007 
and Milwaukee County 

Public Information and Continued citywide public involvement --a City of Milwaukee -- Ongoing 
Education 

Public education activities -- City of Milwaukee -- 2003 

Public involvement and coordination with --a City of Milwaukee and In progress Ongoing 
other agencies and local units of MMSD in cooperation with 
government other watershed 

stakeholders 

Secondary Plan Element National flood insurance program and --a City of Milwaukee in Being implemented Ongoing 
floodplain mapping efforts conjunction with WDNR, 

FEMA, MMSD, and 
SEWRPC 

Lending institution and real-estate pOlicies --a City of Milwaukee, real-estate Being implemented Ongoing 
brokers, and lending 
institutions 

Community utility policies and emergency --a City of Milwaukee and Being implemented Ongoing 
programs Milwaukee County 

Sheriff's Department 

Stream channel maintenance --a City of Milwaukee and Being implemented Ongoing 
MMSD 

Stormwater and floodland management __ d City of Milwaukee Being implemented Ongoing 
facilities maintenance 

Plan Adoption -- -- City of Milwaukee Common Following draft plan review Late 2002 
Council upon recom-
mendation by appropriate 
City committee(s) 

Plan Monitoring Review, evaluate, and refine mitigation --a City of Milwaukee Common -- End 2003 and then annually with special 
plan annually Council and Department of review following each major flood event 

Public Works 

Emergency Operations Review, evaluate, and refine plan following --a City of Milwaukee and -- Annually, with special review following 
Coordination, Plan flood events in cooperation with Milwaukee County each major flood event 
Refinement, and Post- emergency operations program Sheriff's Department 
Disaster Review 

NOTE: Where City of Milwaukee is noted as the designated management agency, it is intended to be the City Department of Public Works in cooperation with other departments, with policy review and guidance by the 
City Common Council. 

a No new cost inyolved. Costs are assigned to other ongoing City programs. 

bCosts currently being refined as part of second-level planning and preliminary design. 

cNo cost reported. Projects affecting City of Milwaukee completed or nearing completion. 

d New costs included under stormwater management and flood/and management elements operation and maintenance. 

Source: City of Milwaukee, Milwaukee Metropolitan Sewerage District, and SEWRPC. 



use conditions throughout each of the major watersheds studied, as defined under the SEWRPC adopted regional 
land use plan. Thus, the effectiveness of the recommended floodland management measures will depend upon the 
degree to which future land use development and redevelopment and the recommended actions properly 
complement each other. Under planned year 2020 land use conditions, about 60 percent of the entire area tributary 
to the City of Milwaukee will remain in agricultural or other open space uses. Land use plan recommendations 
identify those areas within the planning area that should be preserved in open, natural uses. Such preservation 
would provide major economies in floodland management, thus maximizing the use of natural stormwater 
conveyance and storage to be incorporated in the plan. If preservation of these areas is greatly compromised, 
problems, such as localized flooding, poor drainage, and water pollution, may be expected to result. 

Implementation of Floodland Management Plans for the Kinnickinnic River, 
Menomonee River, Milwaukee River, and Oak Creek Watersheds 
As described earlier, the MMSD has already completed implementation of several of the plan elements, including 
all of Lincoln Creek and Southbranch Creek and portions of the Menomonee River watershed. In addition, the 
MMSD is in the advanced planning phase of its watercourse system plan for the remaining streams in the 
Kinnickinnic, Menomonee, and Milwaukee Rivers and Oak Creek watersheds. 

The plan calls for the City of Milwaukee and Milwaukee County to continue to work with the MMSD in carrying 
out the implementation of the watercourse system plan. 

Financing for Floodland Management Plan Actions 
Responsibility for the cost of implementing the floodland management plan for the City of Milwaukee are to be 
borne by the MMSD, the City of Milwaukee, Milwaukee County, and private individuals, based on the allocation 
of responsibilities set forth in the 1999 MMSD watercourse policy plan. 

Several means of financing floodland management components are available to both the public and private sector. 
Potential funding sources were described in Chapter VI for City- and MMSD-based options for funding flood 
mitigation programs. City staff and elected officials annually review the flood mitigation programs and allocate 
local funding sources as part of the budget process. The MMSD has established a capital improvements program 
which provides funding over a multi-year period to carry out all of the projects identified in the MMSD system 
plan update needed to address the overland structure flooding problem in the City of Milwaukee. The MMSD is 
the lead agency in the plan implementation phase and will incorporate local community funding as identified in its 
flood control policy and will maximize the use of State and Federal program funds to the extent possible. Detailed 
project schedules have been developed for each watershed and are available from the MMSD. 

Regulatory Considerations Pertaining to the Floodland Management Plan 
Implementation of some of the flood land management measures may require the prior approval of certain 
regulatory agencies other than City agencies, including the WDNR and the U.S. Army Corps of Engineers. The 
regulatory process involved is complex; therefore, as is current policy, the MMSD and City will seek guidance 
from the agencies involved and legal counsel, as needed, before proceeding with any floodland management 
measures that involve the construction or modification of artificial waterways connecting to navigable waters, the 
alteration or enclosure of navigable watercourses, the removal of material from the beds of navigable water
courses, or the disturbance of wetlands. 

Federal regulatory authority relating to the disturbance of wetlands is granted under Section 404 of the Federal 
Water Pollution Control Act of 1972 as amended. The administering agency is the U.S. Army Corps of Engineers. 

Applicable State regulatory authority relates to the construction or modification of artificial waterways, canals, or 
ponds connecting to, or located within 50{) feet of, a navigable waterway, the alteration of navigable waterways. 
the placement of deposits or structures in the bed of navigable waterways or the enclosure of navigable water
ways, and the removal of material from navigable waterways, and also to activities affecting the water quality of 
wetlands. This authority is set forth in Sections 30.12, 30.195, 30.20, and 144.025 of the Wisconsin Statutes. The 
administering agency is the WDNR. 
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Chapters of the Wisconsin Administrative Code that are pertinent to activities called for under floodland manage
ment recommendations include Chapter NR 103, "Water Quality Standards for Wetlands"; Chapter NR 116, 
"Wisconsin's Floodplain Management Program"; and Chapter NR 117, "Wisconsin's City and Village Shoreland
Wetland Protection Program." Implementation of the floodland management actions could involve disturbance of 
wetlands during construction followed by restoration of the wetlands involved after construction. The degree of 
wetland disturbance could be minimized during the final project design stage. 

Implementation Strategies: Public Information and Education Element 
As noted previously in this chapter, the City of Milwaukee, Milwaukee County, and the MMSD will continue to 
engage in informational and educational efforts oriented toward resolving the flooding and related stormwater 
drainage and sanitary sewer backup problems in the City, updating and otherwise modifying such efforts as 
needed as the continuing flood mitigation planning process for the City proceeds over time. 

Strategies for continued implementation of the City's public informational and educational efforts include, but are 
not limited to, 1) preparing and distributing printed informational and educational materials, including materials 
oriented toward local homeowners and designed to help them consider and potentially undertake self-help actions 
to mitigate damage caused by stormwater flooding and sanitary sewer backups in the City; and 2) engaging in 
other educational efforts directed toward City residents regarding flood mitigation using all methods available, 
including, but not limited to, cable television, radio, individual seminars, the World Wide Web, and community 
speaking. 

Public information and education efforts are to be developed or expanded to promote good urban "housekeeping" 
practices that reduce nonpoint source pollution. 

Toward further informing the public regarding flood mitigation, stormwater and floodland management, and 
related issues, the City of Milwaukee, the MMSD, and other concerned units and agencies of government will 
also continue to involve members of the general public, both as individuals and as groups, and to continue to seek 
public input in the preparation and implementation of detailed stormwater and floodland management plans. 

As previously noted, the MMSD has underway an extensive public informational and educational program to 
promote sanitary and combined sewer infiltration and inflow reduction actions. 

Implementation Stra'tegies: Secondary Plan Element 
Implementation strategies for the actions envisioned under the secondary plan element described previously in 
this chapter are set forth below. 

National Flood Insurance Program and Floodplain and Floodplain Map Updating Efforts 
As noted above, the plan calls for the City to continue to participate in the NFIP, and that the City Department of 
City Development continue to monitor and ensure continued compliance by the City with NFIP regulations. There 
are currently no NFIP compliance issues facing the City. 

In addition to the purchase of flood insurance by owners of property in floodprone areas within the City the plan 
calls for the City, FEMA, other concerned units and agencies of government, and private insurers and insurance 
agents doing business within the City to continue to ensure that local property owners are informed regarding the 
NFIP. Finally, as flood control measures under completed and ongoing planning efforts are implemented, the plan 
calls for the City to request that FEMA make necessary revisions to the Flood Insurance Study. 

As revised data regarding the lOO-year recurrence interval flood profile in the City become available under the 
MCAMLIS digital floodplain mapping program, the City Common Council will amend the City floodplain zoning 
ordinance as needed to reflect the lOO-year recurrence interval water surface profiles developed under that 
planning effort. As noted above, the City will also submit its proposed floodplain revisions and additions to the 
WDNR for approval, and also request revision of the applicable flood insurance rate maps by the FEMA Federal 
Insurance Administration. 
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Lending Institution and Real-Estate-Agent Policies 
As described previously in this chapter, the plan includes 1) that lending institutions continue to determine the 
floodprone status of properties within the City before mortgage transactions, using the most recent available 
principal sources of flood hazard information, and 2) that real-estate brokers and salespersons, in accord with 
State regulations, continue to inform potential purchasers of property located within the City of any flood hazard 
that may exist at the site being traded. 

Community Utility Policies and Emergency Programs 
As noted previously in this chapter, the plan includes 1) that the governmental units and agencies responsible for 
the design, construction, operation, and maintenance of public utilities and facilities, such as water supply and 
sewerage facilities, drainageways, and streets and highways-including, but not limited to, the City of Milwaukee, 
the Milwaukee County Department of Public Works, the MMSD, SEWRPC, and the Wisconsin Departments of 
Natural Resources and Transportation--carry out those functions in a manner fully consistent with the land use 
and floodland regulation recommendations set forth or noted in this plan and 2) that the City of Milwaukee and 
Milwaukee County Sheriffs Department, Division of Emergency Management, continue to implement existing 
emergency procedures and develop appropriate new emergency procedures as needed to provide residents of the 
City with timely information about floods in progress and to help them in taking appropriate action. Such 
emergency procedures are to be reviewed annually or following events which may indicate a need to review 
procedures and to be amended as needed to remedy any deficiencies. Furthermore, immediately after any 
significant flood event occurs within the City of Milwaukee, the City and Milwaukee County will conduct a 
coordinated review and analysis of the effectiveness of their respective emergency procedures with regard to the 
flood event, and remedy any deficiencies found as a result of such review and analysis. 

Stream Channel Maintenance 
As described previously in this chapter, the City of Milwaukee will work with the MMSD to implement a regular 
stream channel maintenance program for all watercourses in the City. The City will work to develop its own 
program in those areas where the required maintenance does not meet the criteria for District involvement. 

Storm water Management Facilities Maintenance 
The City of Milwaukee will carry out, or cause to carry out by others in the case of privately owned facilities, 
necessary stormwater management facility maintenance activities on a continuing basis to maximize the 
effectiveness of stormwater management facilities and measures and to protect the capital investment in the 
facilities. 

Implementation Strategies: Adoption or Endorsement by and Coordination 
with Other Units and Agencies of Government and Private Parties 
An important first step in implementation of the flood mitigation plan for the City of Milwaukee is its formal 
adoption by the City Department of Public Works and the City Common Council. Upon its formal adoption by the 
City, the plan becomes the official guide to the making of flood mitigation and floodland management decisions 
for the City by City officials. Such adoption serves to signify agreement with and official support of the plan and 
enables City officials and staff to begin integrating the plan into the City'S ongoing land use control, public works 
development planning and programming, and land development review processes. 

The City Department of Public Works will also provide the flood mitigation plan to and coordinate with as 
appropriate; the Milwaukee County Sheriffs Department, Division of Emergency Management; the Milwaukee 
County Department of Public Works; the MMSD; the WDNR; the Wisconsin Department of Military Affairs. 
Division of Emergency Management; the Wisconsin Department of Transportation; FEMA; and the U.S. Army 
Corps of Engineers. These units and agencies of government are asked to coordinate and recognize, as appro
priate, the plan in their own respective activities and programs. Also, as the plan calls for specific action in 
implementing various elements of the plan, an endorsement of the plan should be made by the MMSD and 
Milwaukee County. 
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All private parties envisioned under this plan to playa role in its implementation, including local property owners, 
lending institutions, and real-estate agents, as well as governmental units and agencies responsible for the design, 
construction, operation, and maintenance of public utilities and facilities, are to continue to carry out or incor
porate, as appropriate, the actions and practices set forth in this plan into their own respective activities related to 
or otherwise affecting flood mitigation in the City. 

The MMSD and the City Department of Public Works are to take the lead role in coordinating the implementation 
of the actions called for under this plan. The City Department of Public Works will also provide liaison between 
those parties responsible for plan implementation and City agencies, officials, and staff with regard to plan 
implementation and its status over time. In this regard, the MMSD is considered the lead agency in the direct 
implementation of the flood mitigation program. 

PLAN MONITORING AND REFINING STRATEGIES 

For a flood mitigation plan to be successful it must not only be implemented; it must be monitored. Plan 
monitoring is best accomplished through a formal, periodic process designed to measure and assess progress in 
implementation, changing outside circumstances that may affect the plan and efforts to implement it, and the need 
for any changes to the plan and/or to how it is being implemented. 

Toward ensuring successful monitoring of the flood mitigation plant for the City of Milwaukee, the MMSD and 
City Department of Public Works will be responsible on a day-to-day basis for creating and implementing a 
common monitoring system. This monitoring system should use a "critical path" method involving a project work 
schedule to identify specific steps and timelines for implementation actions and the contributions of specific 
individuals and other parties to plan implementation, and to monitor and help assure adherence to the work 
schedule. 

Furthermore, the MMSD and City Department of Public Works will meet at least annually to review the plan and 
the status of its implementation, as well as to develop and recommend any necessary revisions to the plan. Those 
revisions will be presented to the Milwaukee Common Council for consideration and adoption in the form of a 
formal amendment to the mitigation plan. This review should be conducted with respect to: 1) whether any flood 
hazards affecting the City have changed, and, if so, how they have changed; 2) whether any flood mitigation goals 
and objectives have changed, or need to be changed; 3) the degree and extent of progress made in implementing 
previously identified recommended actions; 4) whether the plan recommendations and their priorities should 
remain unchanged or need modification; 5) whether any new recommendations are needed; and 6) whether 
applicable funding programs and levels have changed. 

As an integral part of the review process, the City Department of Public Works shall prepare and submit an 
annual written report setting forth the plan implementation efforts, detailing plan implementation actions taken 
over the past year, prioritizing mitigation goals and activities for the next year, and setting forth any reCOlll

mended revisions to the plan. Any needed plan amendments shall be developed and submitted to the appropriate 
City committee and the Common Council for review. 

The plan monitoring and refinement strategy will include a post-disaster component whereby the plan is reviewed 
and evaluated after any future major flood event. Based upon this review, the mitigation plan will be updated or 
revised as needed based upon the flood event experiences, circumstances, and consequ~nces. In this regard, the 
post-disaster review effort will be coordinated with the emergency operations program administered by the City 
Fire Department and the Milwaukee County Sheriff's Department. The experiences of the emergency operations 
may indicate a need for refined mitigation actions which would then be incorporated into the plan. Information 
will also be collected from the MMSD, WDNR, and FEMA personnel. Any plan updating found to be needed 
shall be incorporated into the annual plan update noted above. 
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Appendix A 

THE DRY FACTS: PROTECTING YOUR HOME 
FROM FLOOD-RELATED DAMAGE 

The Dry Facts: 
Protecting 
Your Home 
From Flood
Related 
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BEFORE YOU DO ANYTHING 
Call ~our building insf./N'lor. Look in tilt' blut' section of your W'hite Pagt'l'> for thE' 
building illspt~clur in ym Jf lIlunicipality. 

Things to sJOk ... 

• An- llwn- any huilding eooe restrittions fin home tlnoo mitigation mensurc::s'! 

• \l:.'hJI i.~ Illy 13M!' Flood Elt'vaTion or RFE? (Base Flood Elev<lti()11 is tbe hitht'-81 point 
floodwater:; ,Ire f>:>:pc('led to reach under nonnall'ir('ljmstanct'~': in vour area. I 

• \'(;lIal "HIlMi Prll\t"c'lioll u>\'er' should I use? (Flnud Protect ion u-vel i:-. the ip\'el of 
fluoding YOll want :'our hOllse 10 lit! able 10 withstand.) 

DO YOUR HOMEWORK 
Sonw of the Oooe! proofing allt>rluions you d~cide to rln may requi re the hdp of a pro
f~s:"iionlil c'onlnJ('lnr. 

Thin~s 10 ask ... 

• \ .. your ('(lI1Lr;I('[(,[" IiC'I'nsf'd and homh.:lI? 

D', llwy have propt'r ill'iurnnl'f' for their company :md their emplnyct"s'! 

• no th~~' have rdel'e rll'es? \'(i'hat do those referencel) S!l~' about tht: l'unlraC\Or'::; work'( 

• Are> there any ('olllplainif against your fun lral't ur ff' giFilered with Th(' Better 
Bu:;illt·~s Bureau:' 

• Will tlwy provide" t'vf!rytiling - S('}lf·c!lIles. qu01(!:), contra('(~ t"1(:, • in writin~(! 

FLOOD MITIGATION TECHNIQUES 
ELEVATE items like your washer Mnd dryer. pen;onal itemR. haUlrdou~ chemituls. food 
proallcl.;;. elt:tlrieal nU lleb, elec trical hox. fu rnace. and water healer 1 to 2 f~e\ above 
your BFE, 

Thinf!~ lo me •.. 

• rr~ssurt'·lrt:ale(J wood palleb • Ceiling suspeWo,itln devi<.;e~ 

• COIl(;rett h!OI.·ks. brick!: or nnlsollry 

INSTALL devices that will ..... arn y()U of the presel1c:e of waler in your Lasemenl <llId 
help ~rtl ()Vt' ilny WAtt'1' pn$ent. You (,lin find Ihe!-t' clevic-es al any hanlwnrt: ::Iore, 

Thin~~ tu as;k for ... 

• \Valf>1' alarnl 'ump pump • Bal1ery hack up .. ump pump 

BACKF'LOW REDUCTION DEVICES in your hasemenl drains and toilets 
('an redul't or eliminate the dn:adf"d backn~w of Sf'wage Willer into your home. 
There" a.n" H Ilurnlwl' IIf hackflow I'f'ciu('tion de ..... ices out th~re. most of whi('h 
you'll find at YOUT hHrdwarf" <;lort~, 

Things 1.0 ask rur ... 

• Tesl Plug • Pneumatic plug for !JlN"mtmt toilet 

STRUCTlRAL At:rERATIO~S 10 pmleci ~'o"r I"",," aga;nSl flood d"",.~e will 
require ]"U-l1nission from your huilding inspt'elor linn. ill ~omt' (:llSf'S. Ihf help or a pro· 
fessional !'onlnr('lo r. Thert' are 1,,'(1 eatt'gories of ~trucrural illteratiun in regard~ to nuod 
mitigation: \~ el FI()ud Proniing and Dr: F'l.uxl Pmofin;,;. 

Dry Flood Prooftn~ Iw .. ieully Illf'.an~ ~t'aling your hous" to kt>eJ.! noodwa\l:r~ out. 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 



Things- to 110 • •• 

• Ih·pltll't' 10w-It'I'1"1 window:- wilh glas'i hlo(·k. 

Protect low·le\'el windol\s witb <liuminum or ~Xlf'ri(lr plywood ,vinJow shiplds. 

• Place plaslJC' shields O\'~I' window weUs. 

Sandbag around low-Ie\'t'l windows ",hE'n flood is imminent. 

• Build a 1.5' uhove .2;rmle brick flood wall around low-lel'E'1 window:-.. 

,":()TE: S;IIJ(timgs unJ flood \Ilill~ ~Iwlllcl bt: nu higllf>r tilull 1.5' high. Ol\ill!):-O will 
l'dUM" a l/Uildup of hydrnstutit.: pre~::-ur~ Il/I flllIr Imst:IIlt'llt wulls and m~y cause them 
10 l' nllap!'e ~ 

Wt:. l Flullfl Proofing invoh'es f()rlif~ing lluod-vulnerClhlt' ~U(~a~ in ynllr hOIl1f!. Wilh 
water-resiSl<l1l1 huildlOl:( ma\erial~. you significantly reduce the amOlml of damage 
('all~ed b, flood,\ateN.. 

Thine! to do .. . 

• Ask your building iI1SPf'('101' if Iht'n.> are any ('ode rtstri('tions nn \\f'1 flood proufillg 
In your area. 

• Elevate items 1I1 urea", to be wet flood proofed abo\'e Ihe UFE. 

• Replace builJing lIIatt'rial~ in these areas willl waler-resistant mUltrials sm;h a~ 
(:onerete. pressure-U"t~ated lumber. rigid watl insulation. P.P()X~ pai llL"i and synthetic
i lllilJ( Ir/lJutcioor <;Uqlt t ill~. 

LA NDSCA PI NG. whell done property. ra11 do a 10\ \€I dirt'l:t nUU{j \~·uter:-. awa)' from 
your h1l1ne . 

Things to do ... 

• :\"k your building inspector about any zoning restrirli(Jn~ on iands('upe alteration:;. 
III your .. m,:a. 

Build up the- grade- around :,our house so thaI water will flow awa~' from your foun
dation. 

• Clean your gutters oul )'.0 thf:~"re 1101 dogged or If>uking. 

• Alta(:h rit'xihlf' gutter txten~ioll:' t(J your downspouts aud ~UlIIp ]lump exterior 
drains to din'ct wuttl' tlWII) fnull Y4l ur hntl!'!:. (Extension)'. should hI" III leas t 3 feel 
ill length.) 

• Mudjack sidewalk:, lJIlci urhewaYti 10 return them to their proper grade awn\' [rom your 
houst". 

~OTE: An~' anjustment;; 10 your land5cape Ihat ma~ ("ffect ynul' neighlJOrs r,houJd be 
di"'(' u:-sed with them priur to il1lplf"mtlllillg tho~t acljusllllf:1lIs. 

\~·A B.NI!\G SYSTEMS. ~uch u,.>; tht> NOAA weathl"r radiu with t"llwrgent·y alaml. 
hrolldc::(tst t.:on tillllOlIS updates Jt)1' your ;.tft!a dirc('!ly from the Nat ional \Veather Servicf' 
21 hol1l'~ a day. You cun pUl'chnst! out'! at most radiolTV electmni ('s stows. 

Sl.andanl radio and telt·visioll stations wil l al50 carry emergency weather and/or disa~
tel' information. 

Things to kilO"" " 

• Flood. iIarcli: An adviSOr)' that flooding is !Xlssihle within a designuted area. 

Flood ~(U711ng: An advisory that flooding is occurring or imminent. 

• Urbrtn utld Small Stream Flood Advisor),: High potential of flooding along a 
river 0[' 5tream. 

• F1mh fluod: The Ola:urn'ntt· of u d~lJgerous rise ill the wllter level or u streuill or 
overland area in a few hours or less. 
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ASSISTANCE 

THe ~ ATJO~"J. FI.l)OD I '~'UI\ ·\ NCE PIlOCH.-IM Dr NFlI' j, a rprl , 'rall',."~ra,,, that 
<Jill!\\'''; yuUlo hll~' adequate n(i'KI in . .;unuwt'. Mo,:! hm llt"owllt'r':o in:" uf<lI1<:(' p() lil'i t'~ DO wn 
('on:r fl und· rt>ialt"d damage 10 your hutUt'! 

Thill!!S CU\'CI'Cfl hy NFIP ... 

• D!Ull<lW' III your hou,:t' alld it ,: ('OI1It'II\ ': caused by 5-urfuce wu\t'l' l1ood ing. 
• CIl..,! o( 1l1{)l'itl~ and ~I()ri ll~ your b t' longing~ ror up In -l-~ (b,Vh, 

• E"!lt'II':t':" i'I;,ldlt,d III rf' IIlO ~'ln~ dehr;,: aflt~ r !l 4l( )(1. 

• H ('lhl ' :"tnll'lun' up tu $2:')0.000. 
• Hou:'>t> con tenls III' In SlOO.O()O. 
• Ht'nlt-['~ 1)t'll! l l¥jn~ Lip 10 lOU.UOO. 
• R\lsml''''s('~ up lu $500.000. 

BENEFITS OF NFII', .. 

• You dO ll" Illlv/, In \\<1;1 ill lin l' ror ~·t· dt'ral Di,:n:-;ter AS~Lstan('f' Ihu\ you l1lay ha\'t" \(1 pu~ 
huc·k laleL .. with inlt"r t'st! 

• A\,f'ra)!t" 1'1I ~1 or :lIl llual (·Il \'t'r.l g~' i" S:{ I b.On. 

• \illl nlll p:t'[ ~I policy at JIl';'- timt': hmH'·\t'f. tht'I't' may J){' CI 30-day I~Ulli llg pt'riod 
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BASIC CONCEPTS AND DEFINITIONS 

The term "objective" is subject to a wide range of inter
pretation and application, and is closely linked to other 
terms often used in planning work which are equally 
subject to a wide range of interpretation and application. 
The following definitions have, therefore, been adopted 
in order to provide a common frame of reference: 

1. Objective: a goal or end toward the attainment 
of which plans and policies are directed. 

2. Principle: a fundamental, primary, or generally 
accepted tenet used to support objectives and 
prepare standards and plans. 

3. Standard~ a criterion used as a basis of compari
son 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 interrelationship 
of the foregoing definitions and the basic concepts which 
they represent is essential to the following discussion of 
development objectives, principles, and standards. 

WATERSHED DEVELOPMENT OBJECTIVES 

Objectives, in order to be useful in the watershed plan
ning process, must not only be logically sound and related 
in a demonstrable and measurable way to alter:native 
physical development proposals, but must also be consis
tent with, and grow out of, regionwide development 
objectives. This is essential if the watershed plans are to 
comprise integral elements of a comprehensive plan for 
the physical development of the Region, and if sound 
coordination of regional and watershed development is 
to be achieved. 

The Southeastern Wisconsin Regional Planning Commis
sion has, in its planning efforts to date, adopted, after 
careful review and recommendation by various advisory 
and coordinating committees, nine general regional devel
opment objectives, nine specific regional land use devel
opment objectives, seven specific regional transportation 
system development objectives, four specific sanitary 
sewerage system development objectives, and four specific 

water control facility development objectives. These, 
together with their supporting principles and standards, 
are set forth in previous Commission planning reports. 
Certain of these objectives and supporting standards are 
directly applicable to the Menomonee River watershed 
planning effort, and are hereby recommended for adop
tion as development objectives for the Menomonee 
River watershed. 

Land Use Development Objectives 
Six of the nine specific regional land use development 
objectives adopted by the Commission under its regional 
land use-transportation planning program are directly 
applicable to the Menomonee River watershed planning 
effort.1 These are: 

1. A balanced allocation of space to the various land 
use categories which meets the social, physical, 
and economic needs of the regional popUlation. 

2. A spatial distribution of the various land uses 
which will result in the protection, wise use, 
and development of the natural resources of 
the Region. 

3. A spatial distribution of the various land uses 
which is properly related to the supporting trans
portation, utility, and public facility systems in 
order to assure the economical provision of utility 
and municipal services. 

4. The preservation and provision of open space to 
enhance the total quality of the regional environ
ment, maximize essential natural resource avail
ability, preserve and protect natural areas and 
wildlife habitat, give form and structure to urban 
development, and facilitate the ultimate attain
ment of a balanced year-round outdoor recrea
tional program providing a full range of facilities 
for all age groups. 

5. The preservation of land areas for agricultural 
uses in order to provide for certain special types 
of agriculture, provide a reserve for future needs, 
and. ensure the preservation of those rural areas 
which provide wildlife habitat and are essential to 
shape and order urban development. 

6. The attainment of good soil and water conserva
tion practices in order to reduce storm water 
runoff, soil erosion, and stream and lake sedimen
tation, pollution, and eutrophication. 

11'he other three specific regio'nal land use development 
objectives are: 1) a spatial distribution of the various land 
uses which will result in a compatible arrangement of land 
uses; 2) the development and conservation of residential 
areas within a physical environment that is healthy, safe, 
convenient, and attractive; and 3) the preservation and 
provision of a variety of suitable industrial and com
mercial sites both in terms of physical characteristics 
and location, 
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Sanitary Sewerage System Planning Objectives 
Three of the four specific sanitary sewerage system devel
opment objectives adopted by the Commission under its 
regional sanitary sewerage system planning effort are 
directly applicable to the Menomonee River watershed 
planning effort.2 These are: 

1. The development of sanitary sewerage systems 
which will effectively serve the existing regional 
urban development pattern and promote imple
mentation of the regional land use plan, meeting 
the anticipated sanitary waste disposal demand 
generated by the existing and proposed land uses. 

2. The development of sanitary sewerage systems 
that are properly related to, and that will enhance 
the overall quality of, the natural and man-made 
environments. 

3. The development of sanitary sewerage systems 
that are both economical and efficient, meeting 
all other objectives at the lowest cost possible. 

Water Control Facility Development Objectives 
Three of the four specific water control facility develop
ment objectives adopted by the Commission under its 
other comprehensive watershed planning programs are 
also applicable to the Menomonee River watershed plan
ning effort? These are: 

1. An integrated system of drainage and flood con
trol facilities and floodland management programs 
which will effectively reduce flood damage under 
the existing land use pattern of the watershed and 
promote the implementation of the watershed 
land use plan, meeting the anticipated runoff 
loadings generated by the existing and proposed 
land uses. 

2. An integrated system of land management and 
water quality control facilities and pollution 
abatement devices adequate to ensure a quality 
of surface water necessary to meet the water uses 
shown on Map 1. 

3. The attainment of sound groundwater resource 
development and protective practices to minimize 
the possibility for pollution and depletion of the 
ground water resources. 

2 The other specific sanitary sewerage system development 
objective is: The development of sanitary systems so as to 
meet established water use objectives and supporting 
water quality standards. 

3 The other specific water control facility development 
objective is: An integrated system of land management 
and water quality control facilities and pollution abate
ment devices adequate to ensure a quality of lake waler 
necessary to arhieue established water use objectives. 
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Principles and Standards 
Complementing each of the foregoing specific land use, 
water control facility, and sanitary sewerage system 
developmen t objectives is 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 ahsolute ability of 
alternative plan designs to meet the stated development 
objective. These principles and standards, as they apply 
to watershed planning and development, are set forth in 
Tables 2, 3, and 4, and serve to facilitate quantitative 
application of the ohjectives during plan design, test, 
and evaluation. 

It should be noted that the planning standards herein 
recommended for adoption fall into two groups: com
parative and absolute. The comparative standards, by 
their very nature, can be applied only through a compari
son of alternative plan proposals. Absolute standards can 
be applied individually to each alternative plan proposal, 
since they are expressed in terms of maximum, minimum, 
or desirable values. The standards set forth herein should 
serve not only as aids in the development, test, and 
evaluation of watershed land use and water control facility 
plans but also in the development, test, and evaluation 
of local land use and community facility plans and 
in the development of plan implementation policies and 
programs as well. 

Overriding Considerations 
In the application of the watershed development objec
tives, principles, and standards in the preparation and 
evaluation of the watershed plan elements, several over
riding considerations must be recognized. First, it must 
be recognized that any proposed water control and water 
quality management facilities must constitute integral 
parts of a total system. It is not possible from an applica
tion of the standards' alone, however, to assure such 
a system integration, since the standards cannot be used 
to determine the effect of individual facilities and con
trols 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 hydro
logic, hydraulic, and water quality simulation, to quan
titatively test the potential performance of the proposed 
facilities as part of a total system, thereby permitting 
adjustment of the spatial distribution and capacities of 
the facilities and system to the existing and future runoff 
and waste loadings as derived from the land use plan. 
Second, it must be recognized that it is unlikely that any 
one plan proposal will meet all the standards completely; 
and 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 objectives 
which the given standard complements. Third, it must 
be recognized that certain objectives and standards 
may be in conflict and require resolution through com
promise, such compromise being an essential part of 
any design effort. 
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RESTR ICTED 

I. THE ADOPTED WATER QUAL ITY 
STANDARDS TI-IAT SlPPORT 
THE MAJOR WATER USE 
OBJECTIVES DEPICTED ON THIS 
MAP ARE SET FORTH IN TABLE 
98. THESE OB'£CTlVES ANO 
suPPORTING STANDAROS APPLY 
T O ALL SURFACE WATERS OF 
THE WATERSHED. ONLY THOSE 
STREAMS IDENTIFIED AS 
PERENNIAL BY THE US.GEOLOG
ICAL SURVEY ARE SHOWN ON 
THIS MAP 

2 .WHERE EXISTING WATER 
QUALITY IS BETTER THAN 
THE STANOARDSESTABLISI-ED 
TO SUPPORT THE WATER USES 
SHOWN ON THIS MAP, THE 
WATERS SHALL BE MAINTAINED 
AT THAT EXIST I NG HIGHER 
QUALITY 

t 

Water use objectives and supporting water quality standards constitute a significant input to the preparation of the comprehensive plan for the 
Menomonee River watershed. The existing state-adopted water use objectives for the surface waters of the Menomonee River watershed are 
identified on Map 82, Volume 1 of this report. The recommended water use objectives for the Menomonee River watershed are shown on the 
above map. The two maps differ in only one respect: that reach of the main stem of the Menomonee River from its confluence with Honey 
Creek in the City of Wauwatosa downstream to Hawley Road in the City of Milwaukee, which has been placed in the "restricted" category 
under the current state-adopted objectives, is recommended for upgrading to the "recreational and fish and aquatic life" category under the 
recommended Menomonee River watershed plan. 

Source: SEWRPC. 
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Table 2 

LAND USE DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS FOR THE MENOMONEE RIVER WATERSHED 

OBJECTIVE NO.1 

A balanced allocation of space to the various land use categories which meets the social, physical, and economic needs of the regional population. 

PRINCIPLE 

The planned supply of land set aside for any given use should approximate the known and anticipated demand for that use. 

STANDARDS 

1. For each additional 1,000 persons to be accommodated within the Region at each residential density, the following minimum amounts of 
land should be set aside: 

Net Areaa Gross Areab 

Residential Density Category (Acres/l,OOO Persons) (Acres/l,OOO Persons) 

High Density Urban c .............. 24 36 

Medium Density Urbanc ............ 65 92 

Low Density Urbanc .............. 238 298 

Suburband ..................... 572 698 

Rural d ........................ 1,429 1,681 

In addition, for each additional 1,000 persons to be accommodated within the Region the following minimum amounts of land should be 

set aside: 

Net Areaa Gross Areae 

Land Use Category (Acres/l,OOO Persons) (Acres/l,OOO Persons) 

Governmental and Institutional ....... 9 12 

Public Park and Recreation 
Major ....................... 4 5 

Other ....................... 9 10 

2. For the daily use of short·term visitors to the watershed, the following amounts of land should be acquired and developed for each antici· 
pated 100 particiPantsf in each of the five major outdoor recreational activities which require intensive land development within the watershed: 

Princi pal Backup Land 

Development or Secondary 

Major Activity Total Acres Acres Development Acres 

Swimmingg ...... 0.45 0.09 0.36 

Picnicki.ngh ...... 12.50 1.25 11.25 

GOlfingl .......... 32.79 32.79 --
Camping] ........ 133.33 6.67 126.66 

Skiing k ......... 3.70 3.33 0.37 

3. For each additional 100 commercial and industrial employees to be accommodated within the Region, the following minimum amounts of 

land should be set aside: 

Net Areaa Gross Areal 

Land Use Category (Acres/l00 Employees) (Acres/l00 Employees) 

Commercial 
Major ......... 1 3 

Other ......... 2 6 

Industrial ........ 2 9 
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OBJECTIVE NO.2 

A spatial distribution of the various land uses which will result in the protection, wise use, and development of the natural resources of the 
Region. 

PRINCIPLE 

The proper allocation of uses to land can assist in maintaining an ecological balance between the activities of man and the natural environment 
which supports him. 

A. Soils 

Principle 

The proper relation of urban and rural land use development to soils type and distribution can serve to avoid many environmental problems, aid 
in the establishment of better regional settlement patterns, and promote the wise use of an irreplaceable resource. 

STANDARDS 

1. Sewered urban development, particularly for residential use, should not be located in areas covered by soils identified in the regional detailed 
operational soil survey as having severe or very severe limitations for such development. 

2. Unsewered suburban residential development should not be located in areas covered by soils identified in the regional detailed operational 
soil survey as having severe or very severe limitations for such development. 

3. Rural development, including agric~ltural and rural residential development, should not be located in areas covered by soils identified in the 
regional detailed operational soil survey as having severe or very severe limitations for such uses. 

B. Wetlands 

Principle 

Wetlands support a wide variety of desirable and sometimes unique plant and animal life; assist in the stabilization of lake levels and stream· 
flows; trap and store plant nutrients in runOff, thus reducing the rate of enrichment of surface waters and obnoxious weed and algae growth; 
contribute to the atmospheric oxygen supply; contribute to the atmospheric water supply; reduce storm water runoff by providing area for 
floodwater impoundment and storage; trap soil particles suspended in runoff and thus reduce stream sedimentation; and provide the population 
with opportunities for certain scientific, educational, and recreational pursuits. 

STANDARD 

All wetland areasm adjacent to streams or lakes, all wetlands within areas having special wildlife and other natural values, and all wetlands 
having an area in excess of 50 acres should not be allocated to any urban development except limited recreation and should not be drained or 
filled. Adjacent surrounding areas should be kept in open-space use, such as agriculture or limited recreation. 

C. Woodlandsn 

Principle 

Woodlands assist in maintaining unique natural relationships between plants and animals; reduce storm water runoff; contribute to the atmos· 
pheric oxygen supply; contribute to the atmospheric water supply through transpiration; aid in reducing soil. erosion and stream sedimentation; 
provide the resource base for the forest product industries; provide the population with opportunities for certain scientific, educational, and 
recreational pursuits; and provide a desirable aesthetic setting for certain types of land use development. 

STANDARDS 

1. A minimum of 10 percent of the land area of each watershedo within the Region should be devoted to woodlands. 

2. For demonstration and educational purposes, the woodland cover within each county should include a minimum of 40 acres devoted to each 
major forest type: oak·hickory, northern hardwood, pine, and lowland forest. In addition, remaining examples of the native forest vegetation 
types representative of the pre-settlement vegetation should be maintained in a natural condition and be made available for research and educa· 
tional use. 

3. A minimum regional aggregate of five acres of woodland per 1,000 population should be maintained for recreational pursuits. 

D. WildlifeP 
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Table 2 (continued) 

Principle 

Wildlife, when provided with a suitable habitat, will provide the population with opportunities for certain scientific, educational, and recrea
tional pursuits; comprises an integral component of the life systems which are vital to beneficial natural processes, including the control of 
harmful insects and other noxious pests and the promotion of plant pollination; provides a food source; provides an economic resource for the 
recreation industries; and is an indicator of environmental health. 

STANDARD 

The most suitable habitat for wildlife-that is, the area wherein fish and game can best be fed, sheltered, and reproduced-is a natural habitat. 
Since the natural habitat for fish and game can best be obtained by preserving or maintaining other resources in a wholesome state, such as soil, 
air, water, wetlands, and woodlands, the standards for each of these other resources, if met, would ensure the preservation of a suitable wildlife 
habitat and population. 

OBJECTIVE NO.3 

A spatial distribution of the various land uses which is properly related to the supporting transportation, utility, and public facility systems in 
order to assure the economical provision of utility and municipal services. 

PRINCIPLE 

The transportation and public utility facilities and the land use patter,n which these facilities serve and support are mutually interdependent 
in that the land use pattern determines the demand for, and loadings upon, transportation and utility facilities; and these facilities, in turn, 
are essential to, and form a basic framework for, land use development. 

STANDARDS 

1, The transportation system should be located and designed to minimize the penetration of existing and proposed residential neighborhood 
units by through traffic. 

2. The transportation system should be located and designed to provide access not only to all land presently devoted to urban development 
but to land proposed to be used for such urban development. 

3. Transportation terminal facilities, such as off-street parking, should be located in close proximity to the principal land uses to which they 

are accessory. 

4. All land developed or proposed to be developed for urban medium- and high-density residential use should be located in areas serviceable by 
existing or proposed primary, secondary, and tertiary mass transit facilities. 

5. All land developed or proposed to be developed for urban medium-, high-, and low-density residential use should be located in areas service
able by an existing or proposed public sanitary sewerage system and preferably within the gravity drainage area tributary to such systems. 

6. All land developed or proposed to be developed for urban medium-, high-, and low-density residential use should be located in areas service
able by an existing or proposed public water supply system. 

7. Urban development should be located so as to maximize the use of existing transportation and utility systems. 

OBJECTIVE NO.4 

The preservation and provision of open spaceq to enhance the total quality of the regional environment, maximize essential natural resource 
availability, give form and structure to urban development, and facilitate the ultimate attainment of a balanced year-round outdoor recreational 
program providing a full range of facilities for all age groups. 

PRINCIPLE 

Open space is the fundamental element required for the weservation, wise use, and development of such natural resources as soil, water, wood
lands, wetlands, native vegetation, and wildlife; it provides the opportunity to add to the physical, intellectual, and spiritual growth of the 
population; it enhances the economic and aesthetic value of certain types of development; and it is eswntial to outdoor recreational pursuits. 
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Table 2 (continued) 

STANDARDSr 

1. Local park and recreation open spaces should be provided within a maximum service radius of one-half mile of every dwelling unit in an 

urban area, and each site should be of sufficient size to accommodate the maximum tributary service area population at a use intensity of 
675 persons per acre. 

2. Regional park and recreation open spaces should be provided within an approximately one hour travel time of every dwelling unit of the 
Region, and should have a minimum site area of 250 acres. 

3. Areas having unique scientific, cultural, scenic, or educational value should not be allocated to any urban or agricultural land uses; and 
adjacent surrounding areas should be retained in open space use, such as agriculture or limited recreation. 

OBJECTIVE NO.5 

The preservation of land areas for agricultural uses in order to provide for certain special types of agriculture, provide a reserve for future 
needs, and ensure the preservation of those unique rural areas which provide wildlife habitat and which are essential to shape and order 
urban development. 

PRINCIPLE 

Agricultural areas, in addition to providing food and fiber, can provide significant wildlife habitat; ecological balance between plants and animals; 
provide locations proximal to urban centers for the production of certain food commodities which may require nearby population concentra
tions for an efficient production-distribution relationship; and provide open spaces which give form and structure to urban development. 

STANDARDS 

1. All prime agricultural areass should be preserved. 

2. All agricultural lands surrounding adjacent high-value scientific, educational, or recreational resources and covered by soils rated in the regional 
detailed operational soil survey as very good, good, or fair for agricultural use should be preserved. 

In addition to the above, attempts should be made to preserve agricultural areas which are covered by soils rated in the regional detailed opera· 
tional soil survey as fair if these soils: a) generally occur in concentrations greater than five square miles and surround or lie adjacent to 
areas which qualify under either of the above standards, or b) occur in areas which may be designated as desirable open spaces for shaping 
urban development. 

OBJECTIVE NO.6 

The attainment of good soil and water conservation practices in order to reduce storm water runoff, soil erosion, and stream and lake sedimen
tation, pollution, and eutrophication. 

PRINCIPLE 

Good soil and water conservation practices, including mulch tillage, terracing, grassed waterways, contour strip cropping, and suitable crop 
rotation in rural areas; seeding; sodding; erosion control structures for drainageways; erosion control structures at storm sewer outlets; and 
proper land development and construction methods and practices, particularly in urban areas, including maximum possible delay in stripping 
of vegetation, construction of sediment basins, and mulching and revegetating as soon as possible, can assist in reducing storm water runoff, soil 
erosion, and stream and lake siltation, pollution, and eutrophication. 

STANDARDS 

1. The area of the watershed in cultivated agricultural use, which has general land slopes greater than 2 percent, should be under district coop
erative soil and water conservation agreements and planned conservation treatment. 

2. Drainageways should be controlled to eliminate channel erosion both through stabilization of bank and bed materials and by reduction of 

the channel gradient. 

3. All urban and structural plans and developments, where soil and vegetative cover is removed, should include soil and water conservation 

practices to control erosion on critical areas. 

4. Runoff through and from areas with exposed soil should be trapped and stored or retarded to less than critical erosive velocities. 
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Table 2 (continued) 

a NIH /ilml IISI! ilrf!(J IS dcfint!rI uS the actual site area devoted to il given lise, ;;/HI t:r)f/M\t:; (JI If/I} yrOlIl1r1 fluor site am;} occupiwJ hy any iJ/JI/dinqs 

plus '"I! mfllllreri yards iJm} open spaces 

b Gross resulent;alland /lse area is defined as the net area devoted to this usc plus thf! area (/evo{(:d to all supporrlng land uses, including slrr..~rs, 
fWfghhorhood parks and playgrounds, elementary schools, and neighborhood institutional iJnd commercial uses, hut not including freeways 

and expressways anci other community and areawide uses. 

C Areas servea, proposed to he served, or reqUlrerj to be served by public samtary sewp.rage and water suppiv {acilitios," requirf!S neIghbor

hooo fJellities. 

d Areas not servoo, not proposed to be served, nor required to be served by public sanitary sewerage and water supply facilitil!s; does not require 
neighborhood facilities. 

e Gross governmental and institutional area is defined as the net area devoted to governmental and institutional use plus the area devoted to 
supporting f;md uses, including streets and onsite parking. Gross public park iJnd recreation area is defined as the net area devoted to active or 

intensive recreation use plus the adjacent "backup" lands and lands devoted to other supporting land uses such as roads and parking areas. 

f A participant is deNned as a penon 12 years of age or older who actively participates in a particular recreational activity on a given day. 

g Swimming ·-One acre of developed beach area can accommodate approximately 370 people at any onp. time. With a daily CtJrnover rate of 

3.0, the maximum capacity of one <Jcre of developed beach is 1,110 J)eoplc per acre per diW. 111 addition, for everyone acre of developed 

beach area, four (4) acres of backup lands af(! required to provide necessary parking area (iJpproximately one and one-half acres), concession 

services, dressing room area (approximately one acn~), and other <lCtivity area, soch .1S picnic area (approximMely one and one-half acres). 

"Picnicking-One acre of rleveloped picnic area with a maximum of 16 tahles can accommodate approximately 50 people at anyone time. 

With iJ dally turnover rate of 1.6, the maximum capacity of one acre of developed picnic area is 80 people per acre per day. In addition, for 

t'very one ,1ere of developed picnic area, nine (9) acres of backup lancl are required to provide necessary parking area and additional secon

dary faci" ties 

i Go/fin,q--A minimum of 10 ilems of land per hole is required to develop iJ roguliltion 9- or 18·hole golf course, im:ludil1g area for r;/ublJofJs(J 

and parking, and will accommodate approximat(~/y olJe golfer p(~r acre at ,my one time. Wit/, a daily turnover rote of 3.0, the maximum 

capaCity of each golf CO/Jf.W! is 3.0 golfers per acre per day, or 30 golfers per hole per day. 

} Camping-One acre of devf!loperl camp area with a maximum of five camp units can accommodate approximately 15 people per day. There is 

no dally turnover ratt.' for camping. In addition, for every on(! acre of developt;.'(/ camp area, n;/Jt,'teen (19) acres of backup land are required 

to providF! necessary supporting activities or facilities, such as central cOIJvenienc(J facilities, hiking and nature trails, picnic areas, boat and 

canoe launChing sites, and horseback trails~ 

k Skiing-One ,1cre of developed ski slope can accommodate approximately 10 people at anyone time. With a daily turnolPlr rate of 3.0, rhe 

maximum capacity of one acre of developed ski slope is 30 people per acre pcr day. In addition, for every 10 acres of de~/oped ski slope, 

one acre of backup land is required to provide parking and concession facilities. The recommended minimum site area is 100 acres. 

I Gross commercial and industrial area is defined as the net area devoted to these uses plus the area df!voted to supporting land uses, ;ncluding 
streets ami off-stret.~t parkmg. 

mWetlands are defined iJS those fundS which are wholly or partially covered with hydrophytir: plants and wet and spongy organic soils. and 

which are generally covered with shallow standing water, intermittently inundated, or have a high water rable. 

n WoodlandS are defined as lands at least 20 acres in area which are covered by a dense, concentratP.d stand of trees and associated undergrowth. 

o A watershed, as used 11erein, is defined as a portion of the surface of the earth occupied by a surface dainage system discharging aJJ surface 

water runoff to a common outlet and which is 25 square miles or larger in ureal extent. 

P Includes all fish and game. 

q Open space is defined as land or water areas which are generallv undeveloped for residential, commercial, or industrial uses and are or can he 
cOllsidered relatively permanent in character, It includes areas devoted to park and recreation uses and to large land-consuming institutional 

uses, as weI! as areas ricvot(:rI to ayrif:llltllralllse iJnd to resource consf,'rviJtion, wlwtl1er publicly or privately owned. 

r It lIWS decmt.>d impractical to establish spMial distribution standards for open space, per se; therefore, only the park iJnd recreation component 

of the upen space lanrluse catogorv is listed in the standards, according to its local or regional orit.'l1tarion. These local park and recrealion 

spaces may include play/ors, playgrullmis, playlields, und nei.cJhhorllOod rJarks. Re.qional,Jark and recr&1tion spaces ineludt· large county or 
StfJte parks. Oth(!r OI)P.(I S/J,1CP.S whu:h ,Iff! not inr.lurled in this sparliN distrilmfion standard am: fo((!:;r prf-!.'>t.'rv,,'s ilnd arhOleliJ; maIm rivt.'r 

valleys; lakes; Lo%yi(:al • ./Ild botaflll..JI !fan/ens; stadiil; woodland, Wt.'llanrl, amI w"dlift .. am..,s; s(:ientific iJn'as, aml <J.cJriclllturallands whosf! 

locatlOl/ trIust bt.· relall.'ti to, .md i/1.'ter""III.'u hy, th(! tWlural resource hJse. 

s Prime agricultural areas am rJefim!(/ as those areas which a) r.ontain soils rated in the regional detailed operutional soil survey as very flOod or 

good for agriculture and h) occur in concentrated arr:as over five square miles in extent which have been designated as exceptionally good for 

agricultural productIOn by agricultural sp&cialists. 

SourCD: SEWRPC. 



Table 3 

SANITARY SEWERAGE SYSTEM DEVELOPMENT OBJECTIVES, 
PRINCIPLES, AND STANDARDS FOR THE MENOMONEE RIVER WATERSHED 

OBJECTIVE NO.1 

The development of sanitary sewerage systems which will effectively serve the existing regional urban development pattern and promote 
implementation of the regional land use plan, meeting the anticipated sanitary waste disposal demand generated by the existing proposed 
land uses. 

PRINCIPLE 

Sanitary sewerage systems are essential to the development and maintenance of a safe, healthy, and attractive urban environment, and the 
extension of existing sanitary sewerage systems and the creation of new systems can be effectively used to guide and shape urban development 
both spatially and temporally. 

STANDARDS 

1. Sanitary sewer service should be provided to all existing areas of medium-a or high-densityb urban development and to all areas proposed 
for such development in the regional land use plan. 

2. Sanitary sewer service should be provided to all existing areas of 10w-densityC urban development and to all areas proposed for such develop· 
ment in the regional land use plan, where such areas are contiguous to areas of medium- or high-density urban development. Where noncontigu
ous low-density and suburband development already exists, the provision of sanitary sewer service should be contingent upon the inability of 
the underlying soil resource base to properly support onsite absorption waste disposal systems. 

3. Where public health authorities declare that public health hazards exist because of the inability of the soil resource base to properly support 
onsite soil absorption waste disposal systems, sanitary sewer service should be provided. 

4. Lands designated as primary environmental corridors on the regional land use plan should not be served by sanitary sewers, except that 
development incidental to the preservation and protection of the corridors, such as parks and related outdoor recreation areas, and existing 
clusters of urban development in such corridors, may be provided with sanitary sewer service. Engineering analyses relating to the sizing of 
sanitary sewerage facilities should assume the permanent preservation of all undeveloped primary environmental corridor lands in natural 
open-space uses. 

5. Floodlandse should not be served by sanitary sewers, except that development incidental to the preservation in open-space uses of flood
lands, such as parks and related outdoor recreation areas, and existing urban development in floodlands not recommended for eventual removal 
in comprehensive watershed plans, may be provided with sanitary sewer service. Engineering analyses relating to the sizing of sewerage facilities 
should not assume ultimate development of floodlands for urban use. 

6. Significant concentrationsf of land covered by soils found in the regional soil survey to have very severe limitations for urban development 
even with the provision of sanitary sewer service should not be provided with such service. Engineering analyses relating to the sizing of sewerage 
facilities should not assume ultimate urban development of such lands for urban use. 

7. The timing of the extension of sanitary sewerage facilities should, insofar as possible, seek to promote urban development in a series of 
complete neighborhood planning units, with service being withheld from any new units in a given municipal sewer service area until previously 
served units are substantially developed and until existing units not now served are provided with service. 

8. The sizing of sewerage facility components should be based upon an assumption that future land use development will occur in general 
accordance with the land use pattern recommended in the regional land use plan. 

9. To the extent feasible, industrial wastes, except clear cooling waters as well as the sanitary wastes generated at industrial plants, should be 
discharged to municipal sanitary sewerage systems for ultimate treatment and disposal. The necessity to provide pretreatment for industrial 
wastes should be determined on an individual case-by-case basis. 

OBJECTIVE NO.2 

The development of sanitary sewerage systems that are properly related to, and that will enhance the overall quality of, the natural and man· 
. made environments. 
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Table 3 (continued) 

PRINCIPLE 

The improper location, design, construction, operation, and maintenance of sewerage system components can adversely affect the natural and 
man-made environments; therefore, every effort should be made in such actions to properly relate to these environments and minimize any 
disruption or harm thereto_ 

STANDARDS 

1_ New and replacement sewage treatment plants, as well as additions to existing plants, should, wherever possible, be located on sites lying 
outside of the 100-year recurrence interval floodplain_ When it is necessary to use floodplain lands for sewage treatment plants, the facilities 
should be located outside of the floodway so as to not increase the 100-year recurrence interval flood stage, and should be floodproofed to 
a flood protection elevation of two feet above the 1 DO-year recurrence interval flood stage so as to assure adequate protection against flood 
damage and avoid disruption of treatment and consequent bypassing of sewage during flood periods_ In the event that a floodway has not been 
established, or if it is necessary to encroach upon an approved floodway, the hydraulic effect of such encroachment should be evaluated on the 
basis of an equal degree of encroachment for a significant reach on both sides of the stream, and the degree of encroachment should be limited 
so as not to raise the peak stage of the 1 DO-year recurrence interval flood by more than 0.5 foot. 

2_ Existing sewage treatment plants located in the 100-year recurrence interval floodplain should be floodproofed to a flood protection eleva
tion of two feet above the 100-year recurrence interval flood stage so as to assure adequate protection against flood damage and avoid disruption 
of treatment and consequent bypassing of sewage during flood periods_ 

3_ The location of new and replacement sewage treatment plants should be properly related to the existing and proposed future urban develop
ment pattern as reflected in the regional land use plan and any community or neighborhood unit development plans pr-epared pursuant to, and 
consistent with, the regional land use plan_ 

4, New and replacement sewage treatment plants, as well as additions to existing plants, should be located on sites large enougn to provide for 
adequate open space between the plant and existing or planned future urban land uses; should provide adequate area for expansion to ultimate 
capacity as determined in the regional sanitary sewerage system plan; and should be located, oriented, and architecturally designed so as to 
complement their environs and to present an attractive appearance consistent with their status as public works_ 

5_ The disposal of sludge from sewage treatment plants should be accomplished in the most efficient manner possible, consistent, however, with 
any adopted rules and regulations pertaining to air quality control and solid waste disposal. 

OBJECTIVE NO_ 3 

The development of sanitary sewerage systems that are both economical and efficient, meeting all other objectives at the lowest cost possible. 

PRINCIPLE 

The total resources of the Region are limited, and any undue investment in sanitary sewerage systems must occur at the expense of other public 
and private investment. Total sewerage system costs, therefore, should be minimized while meeting and achieving all water quality standards 
and objectives. 

STANDARDS 

1. The sum of sanitary sewerage system operating and capital investment costs should be minimized. 

2. The total number of sanitary sewerage systems and sewage treatment facilities should be minimized in order to effect economies of scale and 
concentrate responsibility for water quality management. Where physical consolidation of sanitary sewer systems is uneconomical, administra
tive and operational consolidation should be considered in order to obtain economies in manpower utilization and minimize duplication of 
administrative, laboratory, storage, sludge disposal, and other necessary appurtenant facilities and equipment_ 

3. Maximum feasible use should be made of all existing and committed sanitary sewerage facilities. Such facilities should be supplemented with 
additional facilities only as necessary to serve the anticipated sanitary waste demand generated by substantial implementation of the regional 
land use plan, while meeting pertinent water quality use objectives and standards_ 

4. The use of new or improved materials and management practices should be allowed and encouraged if such materials and practices offer eco
nomies in rnaterials or construction cost, or if by their superior performance lead to the achievement of water qUdlity objectives at lesser costs. 
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Table 3 (continued) 

5. Sewer systems and sewage treatment facilities should be designed for staged or incremental construction where feasible and economical so 
as to limit total investment in sewerage facilities and permit maximum flexibility to accommodate changing situations, such as changes in the 
rate of growth of population and economic activity or changes in water use objectives and standards, and changing technology, such as changes 
in the technology of sewage conveyance and treatment. 

6. When technically feasible and otherwise acceptable, alignments for new sewer construction should coincide with existing public rights-of-way 

in order to minimize land acquisition or easement costs and disruption to the natural resource base. 

7. Clear water inflows and infiltration to the sanitary sewerage system would be eliminated and infiltration should be minimized. 

8. Sanitary sewerage systems and storm water drainage systems should be designed and developed concurrently in order to effect engineer
ing and construction economies, as well as to assure the separate function and integrity of each of the two systems; to immediately achieve 
pollution abatement and drainage benefits of the integrated design; and to minimize disruption of the natural resource base and existing 
urban development. 

a Medium-ciensity residential development is defined as that development having an average number of dwelling units per gross acre of 2.6 and 
a net lot area per dwelling unit ranging from 6,231 to 18,980 square feet. 

b High-density residential development is defined as that development 'having an average number of dwelling units per gross acre of 5.8 and 
a net lot area per dwelling unit ranging from 2,439 to 6,230 square feet 

c Low-ciensity residential development is defined as that development having an average number of dwelling units per gross acre of 0.8 and 
a net lot area per dwelling unit ranging from 18,981 to 62,680 square feet. 

d Suburban residential development is defined as that development having an average number of dwelling units per gross acre of 0.30 and 
a net lot area per dwelling unit ranging from 62,681 to 217,800 square feet. 

e Floodlands are defined as those lands, including the floodplains, floodways, and channels, subject to inundation by the one hundred (100)
year recurrence interval flood or, where such data are not available, the maximum flood of record. 

f Areas over 160 acres in extent. 

Source: SEWRPC. 
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Table 4 

WATER CONTROL FACILITY DEVELOPMENT OBJECTIVES, PRINCIPLES, 
AND STANDARDS FOR THE MENOMONEE RIVER WATERSHED 

OBJECTIVE NO.1 

An integrated system of drainage and flood control facilities and floodland management programs which will effectively reduce flood damage 
under the existing land use pattern of the watershed and promote the implementation of the watershed land use plan, meeting the anticipated 
runoff loadings generated by the existing and proposed land uses. 

PRINCIPLE 

Reliable local municipal storm water drainage facilities cannot be properly planned, designed, or constructed except as integral parts of an 
areawide system of floodwater conveyance and storage facilities centered on major drainageways and perennial waterways designed so that the 
hydraulic capacity of each waterway opening and channel reach abets the common aim of providing for the storage, as well as the movement, 
of floodwaters. Not only does the land use pattern of the tributary drainage area affect the required hydraulic capacity, but the effectiveness 
of the floodwater conveyance <lnd storage faciliti.)s affects the uses to which land within the tributary watershed, and particularly within the 
riverine areas of the watershed, may properly be put. 

STANDARDS 

1. All new and replacement bridges and culverts over perennial waterways shall be designed so as to accommodate, according to the categories 
listed below, the designated flood events without overtopping of the related roadway or railroad track and resultant disruption of traffic 
by floodwaters. 

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a 10·year recurrence interval flood 
discharge. 

b. Arterial streets and highways, other than freeways and expressways, used or intended to be used primarily to carry heavy volumes of 
fast, through traffic: a 50-year recurrence interval flood discharge. 

c. Freeways and expressways: a 100-year recurrence interval flood discharge. 

d. Railroads: a 100'year recurrence interval flood discharge. 

2. All new and replacement bridges and culverts over perennial waterways, including pedestrian and other minor bridges, in addition to meeting 
the applicable above-specified requirements, shilll be designed so as to accommodate the 100-year recurrence interval flood event without 
raising the peak stage, either upstream or downstream, more than 0.5 foot above the peak stage for the ·lOO·year recurrence interval flood, as 
established in the adopted comprehensive watershed plan. Larger permissible flood stuge increases may be acceptable tor reaches having tapa, 
graphic or land use conditions which could accommodate 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 dr".J olller 
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 repl acement bridges and culverts over perennial waterways, including pedestrian and other minor bridges, so located with 
respect to the stream system that the accumulation of floating ice or other debris may cause significant backwater effects with attendant danger 
to life, public health or safety, or attendant serious damage to homes, industrial and commercial buildings, and important public utilities, shall 
be designed so as to pass the 100-year recurrence interval flood with at least 2.0 feet of freeboard between the peak stage and the low concrete 
or steel in the bridge span. 

5. Standards 1, 3, and 4 shall also be used as the criteria for assessment of the adequacy of the hydraulic capacity and structural safety of exist· 
ing bridges or culverts over perennial waterways and thereby serve, within the context of the adopted comprehensive watershed plan, as the 
basis for crossing modification or replacement recommendations designed to alll)viate flooding and other problems. 

6. Channel modifications, dikes, and floodwalls should be restricted to the minimum number and extent absolutely necessary for the protection 
of existing and proposed land usc development, which <.kvelopment is consbtent with the land use element of the comprehensive watershed 
plan; the upstream and downstream effect of such structural works on flood discharges and stages shall be determined; and any such structural 
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Table 4 (continued) 

works which may significantly increase upstream or downstream peak flood discharges should be used only i,n conjunction with complementary 
facilities for the storage and movement of the incremental floodwaters through the watershed stream syste'm. Channel modifications, dikes, or 
floodwalls shall not increase the height of the 100-year recurrence interval flood by more than one·half foot in any unprotected upstream or 
downstream stream reaches. Increases in flood stages in excess of one-half foot resulting from any channel, dike, or floodwall construction shall 
be contained within the upstream or downstream extent of the channel, dike, or floodwall, except where topographic or land use conditions 

could accommodate the increased stage without creating additional flood damage potential. 

7. The height of dikes and floodwalls shall be based on the high water surface profiles for the 100-year recurrence interval flood prepared under 
the comprehensive watershed study, and shall be capable of passing the 100-year recurrence interval flood with a freeboard of at least two feet. 

8. The construction of channel modifications, dikes, or floodwalls shall be deemed to change the limits and extent of the associated floodways 
and floodplains. However, no such change in the extent of the associated floodways and floodplains shall become effective for the purposes of 
land use regulation until such time as the channel modifications, dikes, or floodwalls are actually constructed and operative. Any development 
in a former floodway or floodplain located to the. landward side of any dike or floodwall shall be provided with adequate drainage so as to 
avoid ponding and associated damages. 

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

10. All water control facilities other than bridges and culverts, such as dams and diversion channels, so located on the stream system that failure 
would damage only agricultural lands and isolated farm buildings, shall be designed to accommodate at least the hydraulic loadings resulting 

from a 100-year recurrence interval flood. Water control facilities so located on the stream system that failure could jeopardize public health 
and safety, cause loss ~f life, or seriously damage homes, industrial and commercial buildings, and important public utilities or result in closure 
of principal transportation routes shall be designed to accommodate a flood that approximates the standard project flood or the more severe 
probable maximum flood, depending on the ultimate probable consequences of failure.a 

PRINCIPLE 

Floodlands that are unoccupied by, and not committed to, urban development should be retained in an essentially natural open space condition 
supplemented with the development of selected areas for public recreational uses. Maintaining floodlands in open uses will serve to protect one 
riverine community from the adverse effects of the actions of others by discouraging floodland development which would significantly aggravate 
existing flood problems or create new flood problems upstream or downstream; will preserve natural floodwater conveyance and storage 
capacities; will avpid increased peak flood discharges and stages; will contribute to the preservation of wetland, woodland, and wildlife habitat 
as part of a continuous linear system of open space, and will immeasurably enhance the quality of life for both the urban and rural population 
by preserving and protecting the recreational, aesthetic, ecological, and cultural values of riverine areas. 

STANDARDS 

1. All public land acquisitions, easements, floodland use regulations, and other measures intended to eliminate the need for water control facili
ties 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, committed, and planned 
floodplain land uses. 

3. I n the determination of a hydraulic floodway, the hydraulic effect of the potential floodplain encroachment represented by the floodway 
shall be evaluated on the basis of an equal degree of encroachment for a significant reach on both sides of the stream, and the degree of 
encroachment shall be limited so as to not raise the peak stage of the 100'year recurrence interval flood by more than 0.5 foot. Larger stage 
increases may be acceptable for reaches having topographic or land use conditions which could accommodate such stage increases, whereas 
in some instances, allowable flood stage increases may be less than 0.5 foot where such increased stages may be expected to significantly 
aggravate flood problems and increase flood damages, and where adjoining communities are affected. 

OBJECTIVE NO.2 

An integrated system of land management and water quality control facilities and pollution abatement devices adequate to assure a quality of 
surface water necessary to meet the water uses shown on Map 1. 
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Table 4'(~ontinued) 

PRINCIPLE 

Surface water is one of the most valuable resources of southeastern Wisconsin; and, even under the effects of increasing population and eco
nomic activity levels, the potential of natural stream waters to serve a reasonable variety of beneficial uses, in addition to the single-purpose 
function of waste transport and assimilation, should be protected and preserved. 

STANDARDS 

1. All waters shall meet those water quality standards set forth in Table 96 of this report commensurate with the adopted water use objectives. 

2_ Water quality standards commensurate with adopted water use objectives are applicable at all times except during periods when streamflows 
are less than the average minimum seven-day low flow expected to occur on the average of once every 10 years. 

OBJECTIVE NO.3 

The attainment of sound groundwater resource development and protective practices to minimize the possibility for pollution and depletion of 
the groundwater resources. 

PRINCIPLE 

Sound practices in the location, installation, and operation of water supply wells and waste treatment and disposal facilities can reasonably 
assure a continuing supply of good quality groundwater at reasonable cost. 

STANDARDS 

1. Groundwater withdrawals should be made so as to prevent undue interference with adjacent withdrawal points, and the capacities and with· 
drawal rates should be related to potential yield and total demand on the aquifers penetrated. 

2. Wells should be constructed so as not to permit contamination of the aquifer through the well during construction or during subsequent 
operation. 

3. Waste conveyance, treatment, and disposal facilities, located above or below ground surface, both public and private, should be designed, 
constructed, and operated in a manner to prevent migration or infiltration of contaminants into sources of usable groundwater. These facilities 
include pipes, tunnels, septic tanks, leaching areas, sanitary landfills, and injection wells. 

a These flood events, which have been formulated and used by the U. S. Army Corps of Engineers, are defined and discussed in Chapter VII, 

SEWRPC Planning Guide No.5, Floodland and Shoreland Development Guide, November 1968. 

Source: SEWRPC. 
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Appendix C 

CITY OF MILWAUKEE STRUCTURE FLOODING DATA 

Table C-1 

KINNICKINNIC RIVER WATERSHED 

Structure Estimated Estimated 
Id entification Flood Depth Flood Damage 

Stream Number Structure Type (feet) (dollars) 

Lyons Park Creek 1 SinQ'e-family residential 1.0 19,159 
2 Single-family residential 0.9 18,515 
3 Single-family residential 0.0 13,041 
4 Single-family residential 0.0 13,041 
5 Multi-family residential 0.0 26,680 
6 Two-family residential 0.5 19,688 
7 Two-family residential 0.5 19,688 
8 Single-family residential 0.5 16,100 
9 Single-family residential 0.5 16,100 
10 Single-family residential 0.5 16,100 
11 Single-family residential 1.0 19,159 
12 Single-family residential 0.5 16,100 
13 Single-family residential 0.5 16,100 
14 Single-family residential 0.5 16,100 
15 Single-family residential 0.5 16,100 
16 Commercial 1.0 43,050 
17 Commercial 1.0 43,050 
18 Multi-family residential 0.1 82,835 
19 Multi-family residential 1.0 92,414 
20 Multi-family residential 1.0 92,414 
21 Multi-family residential 1.0 92,414 
22 Multi-family residential 1.0 115,046 

Subtotal - - - - 822,894 

Villa Mann Creek Tributary 23 Commercial 0.4 247,800 

Subtotal - - - - 247,800 

- - Total - - - - 1,070,694 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 
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I 
nible C-2 

I MENOMONEE RIVER WATERSHED 

Structure Estimated Estimated 
Identification Flood Depth Flood Damage 

Stream Number Structure Type (feet) Idollars) 

Menomonee River 24 Commercial 1 .1 89,600 
25 Commercial 1.6 108,500 
26 Commercial 1.2 52,150 
27 City Public Works yard 1.1 44,800 
28 City Public Works yard 0.9 41,300 
29 City Public Works yard 0.9 41,300 
30 Warehouse 0.4 63,700 
31 CommerCial 1.8 57,750 
32 Commercial 1.7 56,000 
33 Warehouse 0;9 82,600 
34 Warehouse 1 .1 89,600 
35 Warehouse 2.1 126,700 
36. Commercial 0.0 57,400 
37 Warehouse 1.7 112,000 
38 Warehouse 1.1 89,600 
39 Industrial 2.8 30,520 
40 Warehouse 4.4 207,900 
41 Commercial 4.5 95,200 
42 Commercial 4.5 95,.200· 
43 Two-family residential 4.5 39,744 
44 Two-family residential 4.5 39,744 
45 Two-family residential 4.5 39,744 
46 Industrial 1.5 105,000 
47 Commercial 1.5 77,350 
48 Single-family residential 1.5 16,100 
49 Two-family residential 1.5 19,688 
50 Single-family residential 0.5 9,821 
51 Two-family residential 1.5 19,688 
52 Two-family residential 0.5 16,928 
53 Single-family residential 0.5 9,821 
54 Single-family residential 0.5 9,821 
55 Two-family residential 0.5 16,928 
56 Single-f.amily residential 0.5 9,821 
57 Single-family residential 0.5 9,821 
58 Warehouse. 8.5 308,000 
59 Warehouse 6.3 259,000 
60 Industrial 4.0 196,700 
61 Warehouse 1.7 112,000 

Subtotal - - - - 2,857,539 

Little Menomonee River 62 Single-family residential 2.1 19,642 

Subtotal - - -- 19,642 

- - Total - - - - 2,877,181 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 
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Table C-3 

OAK CREEK WATERSHED 

Structure Estimated Estimated I Identification Flood Depth Flood Damage I 
Stream Number Structure Type (feet) (dollars) 

North Branch of Oak Creek 63 Industrial 3.9 59,500 
64 Industrial 0.3 60,200 
65 Industrial 0.2 56,000 
66 Multi-family residential 0.4 99,740 
67 Multi-family residential 0.8 107,065 

Subtotal - - - - 382,505 

Mitchell Field Drainage Ditch 68 Governmental 0.9 41,300 
69 Governmental 1.0 43,050 
70 Governmental 0.5 33,950 

Subtotal - - - - 118,300 

- - Total - - - - 500,805 

Source: Milwaukee Metropolitan Sewerage District and SEWRPC. 
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Appendix D 

LIST OF REFERENCES 

SEWRPC Planning Report No. 13, A Comprehensive 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 Comprehensive Plan for the Menomonee River Watershed, Volume One, 
Inventory Findings and Forecast, 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. 37, A Water Resources Management Plan for the Milwaukee Harbor Estuary, 
Volume One, Inventory Findings, March 1987; and Volume Two, Alternative and Recommended Plans, 
December 1987 

SEWRPC Community Assistance Planning Report No. 13 (2nd Edition), FLood Control Plan for Lincoln Creek, 
Milwaukee County, Wisconsin, September 1982 

SEWRPC Community Assistance Planning Report No. 130, A Stormwater Drainage and Flood Control Policy 
Plan for the Milwaukee Metropolitan Sewerage District, March 1986 

SEWRPC Community Assistance Planning Report No. 152, A Stormwater Drainage and Flood Control System 
Plan for the Milwaukee MetropoLitan Sewerage District, December 1990 

Kinnickinnic River Phase 1 Watercourse Management PLan, Milwaukee Metropolitan Sewerage District, August 
2000 

Menomonee River Phase I Watercourse Management PLan, Milwaukee Metropolitan Sewerage District, August 
2000 

Milwaukee River Tributaries and Fish Creek Phase I Watercourse Management Plan, Milwaukee Metropolitan 
Sewerage District, August 2000 

Oak Creek Phase I Watercourse Mmwgement PLan, Milwaukee Metropolitan Sewerage District, August lOOO 

Lincoln Creek Flood Control Management Plan, prepared for the Milwaukee Metropolitan Sewerage District hy 
CH2M Hill, Inc., in partnership with AquaNova International, Inc.; Cook & Frank, S.c.; Robbin B. Sotir & 
Associates; and TN & Associates, Inc., November 1996 

Watercourse Management Plan for Southbranch Creek and Beaver Creek 111 the Village of Brown Deer, 
Wisconsin, Camp Dresser & McKee Inc., May 1998 

Advanced Planning AnaLysis, Upper Grantosa Creek Alternative Evaluation Report, Consoer Townsend 
Envirodyne Engineers, Inc., in association with Graef Anholt Schloemer & Associates, Inc.; and Norris & 
Associates, Inc., November 1999 

Environmental Report, Streambank Protection, Kinnickinnic River, Milwaukee, Milwaukee County, Wiscollsin, 
United States Army Corps of Engineers, March 2000 

Menomonee River Phase 2 Watercourse Management Plan, Milwaukee Metropolitan Sewerage District, July 2002 
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