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SUBJECT:

TO:

Attest:

December 5, 2007

Certification of the Regional Water Quality Management
Plan Update for the Greater Milwaukee Watersheds

The Legislative Bodies of All the Local Units of Government within the
Greater Milwaukee River Watersheds Study Area in the Southeastern
Wisconsin Region, and in Dodge, Fond du Lac, and Sheboygan Counties,
and All Concerned State and Federal Agencies

This is to certify that at a meeting of the Southeastern Wisconsin Regional Planning
Commission held at the Milwaukee Intermodal Station, Milwaukee, Wisconsin, on the 5th
day of December 2007, the Commission, by a vote of all Commissioners present, being
15 ayes and 0 nays, and by appropriate resolution, a copy of which is made a part hereof
and is incorporated by reference to the same force and effect as if it had been specifically
set forth herein in detail, did adopt the Regional Water Quality Management Plan Update
for the Greater Milwaukee Watersheds, as part of the master plan for the physical
development of the Region. Said plan is documented in SEWRPC Planning Report No. 50,
A Regional Water Quality Management Plan Update for the Greater Milwaukee
Watersheds, published in December 2007, which is attached hereto and made a part hereof.
Such action taken by the Commission is hereby recorded on and is part of said plan, which
is hereby transmitted for implementation to all concerned levels and agencies of
government in the Southeastern Wisconsin Region, the State of Wisconsin, and the United
States.

IN TESTIMONY WHEREOF, | have hereunto set my hand and seal and cause the Seal of
the Southeastern Wisconsin Regional Planning Commission to be hereto affixed.

Dated at the City of Pewaukee, Wisconsin, this 5th day of December 2007.

Thomas H. Buestrin, Chairman
Southeastern Wisconsin
Regional Planning Commission

Philip C. Evenson, Deputy Secretary
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RESOLUTION NO. 2007-21

RESOLUTION OF THE SOUTHEASTERN WISCONSIN REGIONAL PLANNING
COMMISSION ADOPTING THE REGIONAL WATER QUALITY MANAGEMENT PLAN
UPDATE FOR THE GREATER MILWAUKEE WATERSHEDS, THE PLAN BEING AN
AMENDMENT TO THE REGIONAL WATER QUALITY MANAGEMENT PLAN FOR THE
REGION CONSISTING OF THE COUNTIES OF KENOSHA, MILWAUKEE, OZAUKEE,
RACINE, WALWORTH, WASHINGTON, AND WAUKESHA IN THE STATE OF WISCONSIN

WHEREAS, the Southeastern Wisconsin Regional Planning Commission, which was duly created by the
Governor of the State of Wisconsin in accordance with Section 66.0309(2) of the Wisconsin Statutes on
the 8th day of August 1960, upon petition of the Counties of Kenosha, Milwaukee, Ozaukee, Racine,
Walworth, Washington, and Waukesha, has the function and duty of making and adopting a master plan
for the physical development of the Region; and

WHEREAS, the Governor of the State of Wisconsin has designated the seven-county Southeastern
Wisconsin Region as an areawide water quality management planning area and the Southeastern
Wisconsin Regional Planning Commission as the official water quality management planning agency for
that area, all in accordance with the procedural requirements set forth in Section 208 of the Federal Water
Pollution Control Act as amended; and

WHEREAS, the Southeastern Wisconsin Regional Planning Commission on July 12, 1979, adopted a
regional water quality management plan, which constitutes an integral part of the master plan for the
Region, and which is set forth in the report entitled, SEWRPC Planning Report No. 30, A Regional Water
Quality Management Plan for Southeastern Wisconsin — 2000; and

WHEREAS, the Milwaukee Metropolitan Sewerage District executed an agreement with the Regional
Planning Commission on September 30, 2003, for the development of an update to the regional water
quality management plan, leading to recommendations for land use development and regulation;
environmental corridor land preservation; abatement of point and nonpoint sources of water pollution;
and groundwater quality management in the Greater Milwaukee Watersheds study area; and

WHEREAS, the Southeastern Wisconsin Regional Planning Commission, pursuant to its function and
duty as a regional planning agency and its designation as a water quality management planning agency,
has prepared an update to the regional water quality management plan set forth in a report entitled,
SEWRPC Planning Report No. 50, A Regional Water Quality Management Plan Update for the Greater
Milwaukee Watersheds, published in December 2007; and

WHEREAS, the Technical Advisory Committee for the Regional Water Quality Management Plan
Update for the Greater Milwaukee Watersheds, an advisory committee to the Commission duly
constituted pursuant to Section 66.0309(7) of the Wisconsin Statutes, held public hearings on the plan
update on October 15, 16, and 23, 2007, and unanimously approved the regional water quality
management plan update after considering the testimony provided at the hearings, all as presented in the
aforenoted report, at its meeting held on October 31, 2007; and

WHEREAS, such plan contains recommendations for land use development and regulation;
environmental corridor land preservation; abatement of point and nonpoint sources of water pollution;
and groundwater quality management, including studies, data, maps, figures, charts, and tables, and,
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being a water quality management plan for the Greater Milwaukee Watersheds, is intended by the
Southeastern Wisconsin Regional Planning Commission to constitute an amendment to the regional water
guality management plan; and

WHEREAS, Section 66.0309(9) of the Wisconsin Statutes authorizes and empowers the Regional
Planning Commission, as the work of making the whole master plan progresses, to amend, extend, or add
to the master plan or carry any part or subject thereof into greater detail;

NOW THEREFORE, BE IT HEREBY RESOLVED:

FIRST: That the regional water quality management plan update, being an amendment to the regional
water quality management plan and comprised of SEWRPC Planning Report No. 50, A Regional Water
Quality Management Plan Update for the Greater Milwaukee Watersheds, published in December 2007,
shall be and the same hereby is in all respects, ratified, approved, and officially adopted.

SECOND: That the said SEWRPC Planning Report No. 50, together with all maps, plats, charts,
programs, and descriptive and explanatory matter contained therein, are hereby made a matter of public
record, and the originals and true copies thereof shall be kept at all times at the offices of the Southeastern
Wisconsin Regional Planning Commission, presently located in the City of Pewaukee, Waukesha County,
and State of Wisconsin, or at any subsequent office that the Commission may occupy, for examination
and study by whomsoever may desire to examine same.

THIRD: That a true, correct, and exact copy of this resolution, together with a complete and exact copy of
the aforereferenced planning report, shall be forthwith distributed to each of the local legislative bodies of
the governmental units within the Region entitled thereto and to such other bodies, agencies, or
individuals as the law may require, or as the Commission or its Executive Committee or its Executive
Director in their discretion shall determine and direct.

The foregoing resolution upon motion duly made and seconded was regularly adopted at the meeting of
the Southeastern Wisconsin Regional Planning Commission held on the 5th day of December 2007, the
vote being: Ayes 15, Nays 0. )

~
/ Thomas H. Buestrin, Chairman

ATTEST:

Philip C. Evenson, Deputy Secretary



PLANNING REPORT NUMBER 50

A REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE
FOR THE GREATER MILWAUKEE WATERSHEDS

Part One of Two Parts
Chapters 1-12

Prepared by the

Southeastern Wisconsin Regional Planning Commission
In Cooperation with the
Milwaukee Metropolitan Sewerage District,
Wisconsin Department of Natural Resources,
and the
U.S. Geological Survey

The preparation of this report was financed in part by the Milwaukee Metropolitan Sewerage District and by the Wisconsin Department of
Natural Resources and the U.S. Environmental Protection Agency under the continuing water quality management planning program
conducted cooperatively by the Department and the Regional Planning Commission.
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SOUTHEASTERN ~ WISCONSIN ~ REGIONAL ~ PLANNING ~ COMMISSION

W239 N1812 ROCKWOOD DRIVE » PO BOX 1607 « WAUKESHA, WI 53187-1607-  TELEPHONE (262) 547-6721
FAX (262) 547-1103

Serving the Counties of:  KENOSHA
MILWAUKEE
OZAUKEE
RACINE
WALWORTH
WASHINGTON
WAUKESHA

December 3, 2007

STATEMENT OF THE CHAIRMAN

Pursuant to the provisions of Section 208 of the Federal Water Pollution Control Act, the Southeastern Wisconsin Regional Planning
Commission undertook preparation of an update to the regional water quality management plan from 2003 through 2007. The plan was
prepared as part of the Water Quality Initiative, which is a collaborative program involving the Milwaukee Metropolitan Sewerage
District (MMSD), the Wisconsin Department of Natural Resources (WDNR), and the Regional Planning Commission, each of which
provided funding for the planning effort. Under the Water Quality Initiative, the regional water quality management plan update was
closely coordinated with the MMSD 2020 facilities plan, which is largely incorporated in the regional plan. The study was guided by a
Technical Advisory Committee, consisting of representatives of county and municipal government, special-purpose units of
government, MMSD, WDNR, the U.S. Geological Survey, the U.S. Environmental Protection Agency, academic institutions, and
environmental and conservation organizations. The findings and recommendations of the planning program are presented in a
planning report which has been produced in two parts.

The plan was developed for the geographic area consisting of the Kinnickinnic, Menomonee, Milwaukee, and Root River watersheds,
the Oak Creek watershed, the Milwaukee Harbor estuary, and the Lake Michigan Direct Drainage Area (collectively designated the
“Greater Milwaukee Watersheds”). That area includes all or part of Kenosha, Milwaukee, Ozaukee, Racine, Washington, and
Waukesha Counties within the Region and parts of Dodge, Fond du Lac, and Sheboygan Counties outside the Region. The study area
includesall or part of 88 cities, towns, and villages.

The objectives of this plan update were: to determine the current state of stream and lake water quality conditions within the Greater
Milwaukee Watersheds, to compare these conditions against established water use objectives and supporting water quality standards, to
explore alternative means of meeting those objectives and standards through the abatement of both point and nonpoint sources of water
pollution, and to recommend the most cost-effective means of improving water quality over time.

While the work of the Regional Planning Commission is advisory to its constituent units and agencies of government, State and Federal
regulations can be expected to operate in such amanner as to promote plan implementation in the following three ways:

. Stateand Federal grants may be conditioned upon conformance of water quality projects with the recommended plan,

. Theissuance of permits under the Wisconsin Pollutant Discharge Elimination System program by law must not conflict with
plan recommendations, and

. Sanitary sewer service areas associated with specific sewer service extensions must conform by State regulation to the areas
recommended in the plan as those areas may be amended from time-to-time.

Review and study of the entire report by all responsible public officials and by interested citizens is urged, for the findings and
recommendations of the plan may be expected to have a far-reaching impact on the cost of providing certain municipal facilities and
services, aswell as on the overall quality of life within the study area and the Region.

The Commission recommends this plan to all of the designated implementing agencies as a sound point of departure for making water
quality management and related land use development decisions within the study area. In its continuing role of acting as a center for
cooperative, areawide planning within southeastern Wisconsin, the Commission stands ready to provide assistance to the various units
of government and agencies involved in implementation of the plan.

Respectfully submitted,

Thomas H. Buestrin,
Chairman
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Chapter |

INTRODUCTION AND BACKGROUND

INTRODUCTION

This report documents an update to the regional water quality management plan for the “greater Milwaukee
watersheds,”* as well as the process used to arrive at that plan. The plan update is for the design year 2020 and
represents a major amendment to the regional water quality management plan for southeastern Wisconsin.?

During 2002, the Milwaukee Metropolitan Sewerage District (MMSD) initiated work on a third-generation
sewerage facilities planning effort. This effort is responsive to a court-ordered stipulation requiring the facilities
plan to be completed by June 30, 2007, and is consistent with Section 201 of the Federal Clean Water Act. As the
facilities planning program was conceptualized, the MMSD proposed to utilize the watershed approach to plan
development consistent with the evolving U.S. Environmental Protection Agency (USEPA) policies. That
approach was further defined to be conducted cooperatively with a coordinated and integrated comprehensive
regional water quality management planning effort. Such an approach builds consensus among stakeholders and is
sound public planning practice, as well as being consistent with the requirements of Section 208 of the Federal
Clean Water Act.

The approach to cooperatively carrying out the MMSD facilities planning program and the regional water quality
management plan updating program was developed cooperatively by the Wisconsin Department of Natural
Resources (WDNR), the MMSD (including its facilities plan consultant team), and the Southeastern Wisconsin
Regional Planning Commission (SEWRPC) and was conceptually formalized under a February 19, 2003,
WDNR/MMSD/SEWRPC Memorandum of Understanding. Two separate, but coordinated and cooperative
planning programs were conducted. These planning efforts, when taken together, represent an integrated
watershed water quality planning approach incorporating facilities planning. One planning effort was the
preparation of an update to the regional water quality management plan for the entirety of watersheds in the
greater Milwaukee area and one was a facilities planning program for the MMSD sewerage system. Because of

The term ““greater Milwaukee watersheds” is defined for purposes of this report as all of five watersheds which
lie entirely or partially in the greater Milwaukee area, the Lake Michigan direct drainage area, as well as the
Milwaukee Harbor estuary and a portion of nearshore Lake Michigan. The watersheds involved are those of the
Kinnickinnic River, Oak Creek, Menomonee River, Milwaukee River, and Root River.

2SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin—
2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and
Volume Three, Recommended Plan, June 1979.



the interrelationships between these two planning programs, it was necessary to carefully coordinate and integrate
the planning activities.

This report documents the regional water quality management plan update effort that was integrated with the
MMSD facilities planning effort to form an integrated watershed water quality management plan. The regional
water quality management plan update was designed to possibly complement future efforts in developing
watershed-based, total maximum daily pollution loading, and water quality standard use attainability analyses and
reports consistent with the evolving policies of the WDNR and USEPA.

STUDY AREA

The study area for the regional water quality management plan update consists of all of five watersheds which lie
entirely or partially in the greater Milwaukee area, the Lake Michigan direct drainage area, the Milwaukee Harbor
estuary, and a portion of nearshore Lake Michigan, as shown on Map 1. The watersheds involved are those of the
Kinnickinnic River, Oak Creek, Menomonee River, Milwaukee River, and Root River.

With regard to the Milwaukee Harbor estuary and nearshore Lake Michigan portion of the study area, it is
important to make a physical distinction between the boundaries of the Milwaukee Harbor and the boundaries of
the estuary itself. The Milwaukee Harbor includes the outer harbor area—from the breakwater to the shoreline,
excluding the anchorage area protected by the offshore breakwater south of E. Lincoln Avenue extended—and the
inner harbor area—which includes those lower reaches of the Kinnickinnic, Menomonee, and Milwaukee Rivers
that are maintained to depths which will accommodate navigation by deep draft commercial vessels. The inner
harbor is approximately bounded by the Becher Street bridge on the Kinnickinnic River, S. 25th Street on the
Menomonee River, and Buffalo Street extended on the Milwaukee River. The Milwaukee Harbor estuary itself
includes the 3.1-mile reach of the Milwaukee River below the site of the former North Avenue dam, the 2.2-mile
reach of the Menomonee River below the Falk Corporation dam, and the 2.4-mile reach of the Kinnickinnic River
below the Chase Avenue bridge along with the outer harbor to the breakwater structure. Thus, defined, the
Milwaukee Harbor estuary has a total length of stream of about 9.1 miles, and a total surface water area of
approximately 1,630 acres, or about 2.55 square miles. A break wall shelters the Milwaukee Harbor area and is
aligned from approximately one mile north of the Milwaukee River to south of the Jones Island wastewater
treatment plant. Lake Michigan water level conditions affect discharges from each river in the Milwaukee Harbor
estuary. The nearshore Lake Michigan area protected by the South Shore breakwater immediately south of the
Milwaukee Outer Harbor is an important part of the study area forming an extension of the Milwaukee Harbor
extending about 12,500 feet south along the Lake Michigan shoreline and partially protecting the South Shore
Yacht Club, South Shore Park, and Bay View Park.

The Lake Michigan direct drainage area consists of a number of drainage swales and storm sewers draining a
limited area directly tributary to Lake Michigan. The largest example is Fish Creek located on the border of
Milwaukee and Ozaukee Counties. The portion of the nearshore area of Lake Michigan included in the study area
extends from the Village of Fox Point in Milwaukee County, to a point approximated by Three Mile Road
extended in Racine County. The land area draining directly to the Lake in this reach is included in the study area.

PURPOSE AND OBJECTIVES

The primary purpose of the update of the regional water quality management plan is to develop a sound and
workable plan for the abatement of water pollution within the greater Milwaukee watersheds so as to meet the
plan objectives as described in Chapter VI of this report. More specifically, the planning program is intended to
set forth a framework plan for the management of surface water for the greater Milwaukee watersheds
incorporating measures to abate existing pollution problems and elements intended to prevent future pollution
problems. It should be recognized that plan implementation will be dependent upon local actions, including, but
not limited to: refinement and detailing of sanitary sewer service areas; the development of stormwater
management plans and sewerage system facilities plans; and the integration of the plan recommendations into
County land and water resource planning as a means for implementing the rural land management
recommendations.
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REGIONAL WATER QUALITY MANAGEMENT PLAN

The Southeastern Wisconsin Regional Planning Commission is, pursuant to State legislation, the official planning
agency for the seven-county Southeastern Wisconsin Region. The Commission is charged by law with the duty of
preparing and adopting a comprehensive plan for the development of the Region. The Commission is also the
State-designated and federally recognized areawide water quality management planning agency for southeastern
Wisconsin.

Pursuant to the provisions of Section 208 of the Federal Clean Water Act, the Commission prepared and adopted
an areawide water quality management plan for the Southeastern Wisconsin Region in 1979. That plan was
subsequently adopted by the Wisconsin Natural Resources Board and approved by the USEPA. That plan
provided the necessary framework for the preparation and adoption of the 1980 MMSD facilities plan. Although
certain elements of the areawide plan have been updated since 1979, and although many key recommendations of
that plan have been implemented, it was appropriate that the plan be updated to provide a needed framework for
the preparation of the new MMSD facilities plan.

The previously cited initial regional water quality management plan was designed, in part, to meet the
Congressional mandate that the waters of the United States be made to the extent practicable “fishable and
swimmable.” In accordance with the requirements of Section 208 of the Federal Clean Water Act, the plan
provides recommendations for the control of water pollution from such point sources as wastewater treatment
plants, points of separate and combined sewer overflow, and industrial waste outfalls and from such nonpoint
sources as urban and rural stormwater runoff.

An important amendment to the regional water quality management plan, adopted in 1987, addressed water
quality issues in the Milwaukee Harbor estuary. The estuary plan set forth recommendations to abate water
pollution from combined sewer overflows, including a determination of the level of protection to be provided by
such abatement, and from other point and nonpoint sources of pollution in the tributary watersheds, including
recommendations for instream measures, that might be needed to achieve established water use objectives.

Since completion of the initial regional water quality management plan, SEWRPC and the WDNR have
cooperatively conducted a continuing water quality management planning effort. That effort has been severely
limited by fiscal constraints, however, with work confined largely to sanitary sewer service area planning,
groundwater inventories and analyses, and selected plan implementation activities.

In 1995, SEWRPC completed a report documenting the implementation status of the regional water quality
management plan as amended over the approximately first 15 years since the initial adoption of the plan. This
report, SEWRPC Memorandum Report No. 93, A Regional Water Quality Management Plan for Southeastern
Wisconsin: An Update and Status Report, March 1995, provides a comprehensive restatement of the regional
water quality management plan as amended. The plan status report reflects implementation actions taken and plan
amendments adopted since the initial plan was completed. The status report also documents, as available data
permitted, the extent of progress which had been made toward meeting the water use objectives and supporting
water quality standards set forth in the regional water quality management plan.

All of the regional water quality management planning efforts were conducted using the watershed as the primary
planning unit. In addition to providing clear and concise recommendations for the control of water pollution, the
adopted areawide plan provides the basis for the continued eligibility of local units of government for Federal and
State grants and loans in partial support of sewerage system development and redevelopment, for the issuance
of waste discharge permits by the WDNR, for the review and approval of public sanitary sewer extensions by
that Department, and for the review and approval of private sanitary sewer extensions and large onsite
sewage disposal systems and holding tanks by the Wisconsin Department of Commerce. The WDNR also
permits large farm animal operations. However, these permits are not directly related to the regional water quality
plan recommendations.



MILWAUKEE METROPOLITAN SEWERAGE DISTRICT FACILITIES PLANNING

The Milwaukee Metropolitan Sewerage District is a special-purpose unit of government directed by an appointed
Commission. The MMSD includes all of Milwaukee County, except the City of South Milwaukee and portions of
the City of Franklin. In addition, sewage conveyance and treatment services are provided to portions of Ozaukee,
Racine, Washington, and Waukesha Counties. The District, which exists pursuant to the provisions of Section
200.23 of the Wisconsin Statutes, has a number of important responsibilities in the area of water resources
management, including the provision of floodland management programs for most of the major streams within the
District and the collection, transmission, and treatment of domestic, industrial, and other sanitary sewage
generated in the District and its contract service areas.

The MMSD has defined a series of interrelated projects which were designed to carry out its sewage management
responsibilities, and which are collectively referred to as the Milwaukee water pollution abatement program.
These projects were developed through facilities planning programs which were subregional in nature, the latest
of which was completed in 1998 and had a design year of 2010. The recently completed MMSD facilities
planning program amended its sewerage facilities plan and extended it to a design year of 2020. A court-ordered
stipulation required that the MMSD submit the final plan by June 30, 2007. The MMSD’s 2020 facilities planning
project encompassed a number of interrelated activities contracted through various consultant contracts that were
directed and supported by substantial commitments from the MMSD.

APPROACH TO UPDATING THE REGIONAL WATER QUALITY
MANAGEMENT PLAN FOR THE GREATER MILWAUKEE WATERSHEDS

The regional water quality management plan for the greater Milwaukee watersheds portion of southeastern
Wisconsin was updated, revised, and extended to a new design year 2020. The contemplated work effort resulted
in the reevaluation and, as necessary, revision of the three major elements comprising the original plan—the land
use element; the point source pollution abatement element; and the nonpoint source pollution abatement element.
In addition, a groundwater element was added largely based upon recently completed and ongoing programs.

The plan was completed in a time frame which was consistent with the MMSD commitments for the completion
of a new facilities plan, using currently available data. This allowed the plan update to be largely completed
during the first half of 2007, with selected elements being completed earlier as was required by the MMSD
facilities planning effort schedule. Some of the plan documentation, public involvement, and continuing support
for the MMSD facilities planning was carried out during the last half of 2007.

The regional water quality management plan updating employed a seven-step planning process through which the
principal functional relationships existing within the planning area related to water quality management were
accurately described, and the effect of different courses of action with respect to land use and facility development
tested and evaluated. The seven steps involved in this planning process were: 1) study organization; 2)
formulation of objectives and standards; 3) inventory; 4) analysis and forecast; 5) preparation, test, and evaluation
of alternative plans; 6) plan selection; and 7) plan implementation. Report preparation and public involvement are
additional steps which were integrated throughout the process. The principal steps in the process are described in
the following sections and are summarized in Figure 1. This figure also shows the two reports that were prepared
to document the planning program.

The regional water quality management planning and the MMSD facilities planning were conducted in separate,
but coordinated and cooperative, work efforts. As noted above, the two planning efforts were interfaced and
coordinated for many of the work elements and selected work elements were jointly carried out. That interfacing
is generally illustrated in Figure 1. However, because of the important interrelationships between the two planning
programs, a seamless approach to the planning program was needed, and very close coordination and integration






of the two programs were essential. Thus, the details of the interfacing could only be specifically identified as the
work proceeded.

RELATIONSHIP TO OTHER PLANNING PROGRAMS

In addition to the regional water quality management plan and the MMSD facilities planning programs, the
current regional water quality management plan update is related to a number of past or ongoing planning
programs. These include, among others, the County land and water resource management plans; the ongoing and
anticipated future comprehensive or “smart growth” plans being prepared at the regional, county, and local units
of government level; and the basin planning being carried out by the WDNR. Also, the extensive water resources
data base recently collected and collated by the MMSD in conjunction with the U.S. Geological Survey (USGS),
in cooperation with the WDNR and others, is directly related and will be used as the basic water quality data
source. In addition to the planning programs specifically noted above, there are other local planning programs
which are relevant to the regional water quality management plan update which have been considered, as
appropriate, during the planning process. These plans include local sewerage system facilities plans, local
stormwater management plans, local land use plans, and water resource management plans which have been
prepared for selected areas.’

County Land and Water Resource Management Plans

Each of the counties within the study area has prepared a land and water resource management plan pursuant to
Wisconsin Act 27. Those plans are typically updated every five to seven years. These plans provide information
on the natural resources in each county, the limitations of those resources, and include a strategy that addresses
the natural resource issues and problems. The plans also provide a means to inform the public about these issues
and problems and include them in the steps necessary to protect the natural resource base. As such, these plans
were all carefully reviewed during the plan alternative development and evaluation steps in this current planning
effort. In addition, certain of the plan recommendations and implementation strategies include specific plan
elements which depend upon integration into the county land and water resource management plans for purposes
of local refinement and implementation.

Comprehensive Planning

By January 1, 2010, counties, cities, villages, and towns need to adopt comprehensive (“smart growth™) plans
compliant with recent State requirements. These plans need to address nine specific plan elements, three of which
are directly related to the regional water quality management plan updating. These elements include:

° Land-Use Element: A compilation of objectives, policies, goals, maps and programs to guide the
future development and redevelopment of public and private property. . .. The element shall also
includes a series of maps that show current land uses and future land uses that indicate productive
agricultural soils, natural limitations for building site development, floodplains, wetlands and other
environmentally sensitive lands, the boundaries of areas to which services of public utilities and
community facilities. . .will be provided in the future. . ..

o Utilities and Community Facilities Element: A compilation of objectives, policies, goals, maps and
programs to guide the future development of utilities and community facilities in the local
governmental unit such as sanitary sewer service, stormwater management, water supply. . . The
element shall describe the location, use and capacity of existing public utilities and community
facilities that serve the local governmental unit, shall include an approximate timetable that forecasts
the need in the local governmental unit to expand or rehabilitate existing utilities and facilities or to
create new utilities and facilities and shall assess future needs for government services in the local
governmental unit that are related to such utilities and facilities.

%Quaas Creek (Washington County) Watershed Protection Plan prepared by Washington County Land
Conservation Department and the Ulao Creek (Ozaukee County) Management Plan.



° Agricultural, Natural and Cultural Resources Element: A compilation of objectives, policies,
goals, maps and programs for the conservation, and promotion of the effective management, of
natural resources such as groundwater, forests, productive agricultural areas, environmentally
sensitive areas, surface water, floodplains, wetlands. . .

Given the related work elements noted, the regional water quality management plan update has been coordinated
to the extent practical with the ongoing comprehensive planning. In addition, the plan implementation strategies
includes specific integration and local refinement of selected plan elements into the comprehensive planning
programs.

Wisconsin Department of Natural Resources Basin Planning

The Wisconsin Department of Natural Resources carries out program management and planning for the
Milwaukee River basin, comprised of the Kinnickinnic, Menomonee, and Milwaukee River watersheds and Root-
Pike basin, which includes the Root River and Oak Creek watersheds. The Department has prepared state-of-the-
basin plans* for each basin. These plans include resource management recommendations related to the WDNR
programmatic activities, including surface water quality objectives (classifications), sewerage system manage-
ment, and related water resources programs. The regional water quality management plan updating program
included review and coordination with the basin planning and has included a specific plan implementation
strategy for integrating the current regional planning with the WDNR basin planning.

ORGANIZATIONAL STRUCTURE FOR THE PLAN UPDATE

The study organization, coordination, and staffing required to prepare the regional water quality management plan
update for the watershed areas involved were an extension of the ongoing water quality management planning
program currently being conducted cooperatively by SEWRPC and the WDNR. The MMSD was directly
involved as a participant in the preparation of the study design and selected components of the planning program
and largely supported the program as an important cooperative effort to its facilities planning program. The
MMSD also conducted its sewerage system facilities planning program in a parallel coordinated manner. The
relationship of MMSD facilities planning and the regional plan updating is summarized generally in Figure 1.

For selected work activities, as appropriate, the work on the regional water quality management planning program
and the MMSD facilities plan was carried out under a single, coordinated work effort using shared staff. These
activities included three specific areas: 1) watercourse modeling, 2) Milwaukee Harbor estuary and nearshore
Lake Michigan water quality modeling, and 3) state-of-the-art evaluation and report on pollution abatement
practices. These three work elements were conducted under a cooperative effort involving SEWRPC, the MMSD,
and the MMSD 2020 facilities planning consultant team. The MMSD 2020 consultant team conducted the
technical work, with oversight being provided by SEWRPC and MMSD staffs. The work was developed in an
integrated manner to meet all of the needs of both the regional plan update and the MMSD facilities plan. The
consultant staffing to carry out the work for these three activities was provided by and through the MMSD
facilities planning program and related programs.

In addition to the MMSD consultant work elements for modeling and state-of-the-art reports noted above,
SEWRPC, with assistance from the WDNR and USEPA, contracted with the USGS to conduct water quality
monitoring and analyses in the upper portion of the Milwaukee River watershed and lower portion of the Root
River watershed.

*Wisconsin Department of Natural Resources, The State of the Milwaukee River Basin, August 2001; and
Wisconsin Department of Natural Resources, The State of the Root-Pike River Basin, May 2002.



PUBLIC INVOLVEMENT FOR THE PLAN UPDATE

Public involvement activities were an important component of the plan preparation. The public involvement
activities were focused through the use of advisory committees, cooperative actions with other related ongoing
public involvement activities, and other public involvement and watershed education programming. An important
consideration was to carefully coordinate and integrate the public involvement activities for the regional water
quality management plan with such activities being carried out particularly as part of the MMSD 2020 facilities
planning program, and also the WDNR basin partnership ongoing programs. In this regard, it should be noted that
the MMSD and SEWRPC developed and initiated a joint public involvement program for a number of key
purposes, including joint activity planning and public events, several shared committees, and deferring to one
another as appropriate in the preparation of informational and educational materials that both programs can
utilize.

Advisory committees form a most fundamental type of public involvement, with strong prospects for the planning
program contributions to be of a broad and representative nature. Three types of advisory bodies guided the
regional water quality management plan update, one of a technical nature, one provided intergovernmental
coordination and policy advice and assistance, and one was citizen based. In addition, continued participation in
the oversight committee for the coordinated regional water quality management planning program and the MMSD
facilities planning program—involving the WDNR, MMSD, SEWRPC, and the MMSD consultant project
manager—was considered an important adjunct to public involvement activity. The details of the advisory
committee structure and other public involvement activities are documented in a public involvement program
summary included in this report as Appendix A.

SCHEME OF PRESENTATION

The findings and recommendations of the year 2020 regional water quality management plan update for the
greater Milwaukee watersheds are documented in this report. Following this introductory chapter, Chapter Il
presents updated information regarding the demographic and economic base, the natural environment, and land
use and other aspects of the man-made environment of the watersheds, including information that is essential to
the planning process. Chapters 111 and IV present a summary of a technical report prepared as part of the planning
program which includes more detail relating to existing and historic water quality and pollution sources in the
watersheds involved. Chapter V describes the water quality simulation models and other important analytic
methods employed in the planning process. Chapter VI summarizes the legal structures or regulations affecting
the study area. Chapter VII presents the planning objectives and standards adopted for use in the planning
program. Chapter VIII presents land use and related population levels anticipated for the study in the year 2020.
Chapter IX presents a description and evaluation of alternative water quality management plans. Chapter X
presents a recommended water quality management plan designed to accommodate the year 2020 conditions.
Chapter XI describes the actions which should be taken by the concerned units and agencies of government to
facilitate implementation of the recommended plan. Chapter XII provides an overall summary of the major
findings and recommendations of the planning study.
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Chapter 11

DESCRIPTION OF THE STUDY AREA

INTRODUCTION

The water-resource and water-resource-related problems of a watershed, as well as the ultimate solutions to those
problems, are a function of the human activities within the watershed and of the ability of the underlying natural
resource base to sustain those activities. Regional water quality management planning seeks to rationally direct
the future course of human actions within the watershed so as to promote the conservation and wise use of the
natural resource base. Accordingly, the purpose of this chapter is to describe the natural resource base and the
man-made features of the greater Milwaukee watersheds, thereby establishing a factual base upon which the
regional water quality management planning process may proceed. This description of the study area is presented
in two major sections: the first describes the man-made features; the second describes the natural resource base of
the watersheds.

REGIONAL AND WATERSHED SETTING OF THE PLANNING AREA

The planning area encompasses the greater Milwaukee watersheds within Southeastern Wisconsin, which, as
shown on Map 1 in Chapter | of this report, cover approximately 1,127 square miles. About 861 square miles of
these watersheds are located within the seven-county Southeastern Wisconsin Region, representing about 32 per-
cent of the Region. Within the region, these watersheds include all of the Kinnickinnic River, Menomonee River,
Oak Creek, and Root River watersheds, portions of the Milwaukee River watershed, and lands directly tributary to
Lake Michigan. In addition, approximately 266 square miles of the greater Milwaukee watersheds, or about
23.6 percent of the study area, are located outside of the Region. This portion of the study area consists of the
upper reaches of the Milwaukee River watershed, located in Dodge, Fond du Lac, and Sheboygan Counties. The
greater Milwaukee watersheds are drained by approximately 1,010 miles of streams, including the Kinnickinnic
River and its tributaries, the Menomonee River and its tributaries, the Milwaukee River and its tributaries, Oak
Creek and its tributaries, and the Root River and its tributaries, as well as several smaller streams draining directly
to Lake Michigan. Importantly, the study area also includes the Milwaukee Harbor Estuary and the nearshore
Lake Michigan area.

MAN-MADE FEATURES OF THE STUDY AREA

The man-made features of the study area include its political boundaries, land use pattern, including park and
open spaces and historic sites, public utility network, and transportation system. Together with the population
residing and the economic activities taking place within the study area, these features may be thought of as the
socioeconomic base. A description of this socioeconomic base is an important aspect of watershed-based water
quality management planning. Any attempt to protect or improve the socioeconomic environment must be
founded in an understanding, not only of the various demands for land, public facilities, and resources generated

11



by the demographic and economic activities of an area, but also the ability of the existing land use pattern and
public facility systems to meet those demands.

In order to facilitate such understanding, a description of the socioeconomic base of the greater Milwaukee
watersheds is presented in four sections. The first section places these watersheds in perspective as a rational
planning unit within a regional setting by delineating their internal political and governmental boundaries and
relating these boundaries to the Region as a whole. The second section describes the demographic and economic
base of the area in terms of population size, distribution, and composition and in terms of employment levels and
distribution. The third section describes the pattern of land use in the watershed in terms of both historical
development and existing (2000) conditions. The fourth section describes the public and private utility systems
within the study area. These elements comprise the man-made features of the study area which are most directly
related to water quality management planning.

UNITS OF GOVERNMENT

Civil Divisions

Superimposed on the irregular study area boundary as defined by watershed boundaries is a pattern of local
political boundaries. As shown on Map 2, the watersheds lie primarily within Fond du Lac, Milwaukee, Ozaukee,
Racine, Sheboygan, Washington, and Waukesha Counties with small portions in northern Kenosha and
northeastern Dodge Counties. Eighty-eight civil divisions lie in part or entirely within the greater Milwaukee
watersheds, as also shown on Map 2 and in Table 1. Geographic boundaries of the civil divisions are an important
factor which must be considered in any watershed-based planning effort like the regional water quality manage-
ment plan update program, since the civil divisions form the basic foundation of the public decision-making
framework within which intergovernmental, environmental, and developmental problems must be addressed.

Special-Purpose Units of Government

Special-purpose units of government are of particular interest to the water quality management update planning
program. Among these are the Milwaukee Metropolitan Sewerage District (MMSD); the legally established,
active town sanitary and utility districts created to provide various urban-related services, such as sanitary
sewerage, water supply, and solid waste collection and disposal, to designated portions of rural towns with urban
service needs; and inland lake protection and rehabilitation districts.

Milwaukee Metropolitan Sewerage District

The Milwaukee Metropolitan Sewerage District is directed by an appointed Commission. The MMSD includes all
of Milwaukee County, except the City of South Milwaukee and portions of the City of Franklin. In addition,
sewage conveyance and treatment services are provided to portions of Ozaukee, Racine, Washington, and
Waukesha Counties. The District, which exists pursuant to the provisions of Section 200.23 of the Wisconsin
Statutes, has a number of important responsibilities in the area of water resources management, including the
provision of floodland management programs for most of the major streams within the District and the collection,
transmission, and treatment of domestic, industrial, and other sanitary sewage generated in the District and its
contract service areas.

The MMSD has defined a series of interrelated projects which were designed to carry out its sewage management
responsibilities, and which are collectively referred to as the Milwaukee water pollution abatement program.
These projects were developed through facilities planning programs which were subregional in nature, the latest
of which was completed in 1998 and had a design year of 2010. The present MMSD initiative, which is being
conducted in coordination with the regional water quality management plan update, seeks to amend and extend its
sewerage facilities plan to a design year of 2020.

Town Sanitary and Utility Districts

There are nine active town sanitary and utility districts within the study area: the Caledonia East and West Utility
Districts in the Villages of Caledonia, North Bay, and Wind Point; the Lake Ellen Sanitary District in the Town of
Lyndon; the Mount Pleasant Sewer Utility District No. 1 in the Village of Mt. Pleasant; the Silver Lake
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Table 1

AREAL EXTENT OF COUNTIES, CITIES, VILLAGES, AND TOWNS IN THE

REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2000

Civil Division

Area (square miles)

Percent of Total

Dodge County

Village of Lomira 0.2 0.02
TOWN Of LOMIFA ...ttt 4.4 0.39
Subtotal 4.6 0.41
Fond du Lac County
Village of Campbellsport 11 0.10
Village of Eden.........cccceeennee. 0.1 0.01
Town of Ashford..............c....... 28.9 2.56
Town of Auburn..........ccceeeee 35.8 3.18
Town of Byron..........cccceeeennns 8.9 0.79
TOWN Of EA@N ... 29.7 2.63
TOWN Of EMPIFE . <0.1 <0.01
Town of Forest 0.8 0.07
Town of Osceola 33.5 2.97
Subtotal 138.8 12.31
Kenosha County
TOWN Of PATIS ..ot 2.8 0.25
Subtotal 2.8 0.25
Milwaukee County
City Of CUAANY ...vvveiiiciii e 4.8 0.43
City of Franklin ...... 34.2 3.04
City of Glendale 6.0 0.53
City of Greenfield 115 1.02
City of Milwaukee 96.7 8.58
City Of OAK CreeK.....cuvvviiiiieee it 28.5 2.53
City of South MIlWAUKEE..........ccvvviiiiiiieniie e 4.9 0.44
City of St. Francis 2.6 0.23
City Of WaUWaL0Sa ......ccvviviiiiee et 13.2 1.17
City Of WEST AIIIS ...ceeeeiiiieiiee e 114 1.01
Village of Bayside 2.3 0.20
Village of Brown DEET ..........uiiiiiiiiiiiiiieiee e 4.4 0.39
Village of FOX POINt .....cooiiiiiiiie e 29 0.26
Village of Greendale................ 5.6 0.50
Village of Hales Corners ......... 3.2 0.28
Village of River Hills ................ 5.3 0.42
Village of Shorewood .............. 1.6 0.14
Village of West Milwaukee 11 0.10
Village of WhitefisSh Bay ..........cccooiiiiiiiiiiiiiiiiiieeeeeiceeeeee 2.1 0.19
Subtotal 242.3 21.46
Ozaukee County
City Of Cedarburg........ooueieiiiee e 3.7 0.33
City of Mequon 47.0 4.17
City of Port Washington ............ccccooiiiieiiiiiiiiieee e 0.1 0.01
Village Of BAYSIOE........uvveeiiiiieiieie e 0.1 0.01
Village of Fredonia 1.3 0.12
Village of Grafton ..o 4.1 0.36
Village Of NEWDUIG .....cooiiiiiiiiiee e 0.1 0.01
Village of Saukville.................. 29 0.26
Village of Thiensville 11 0.10
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Table 1 (continued)

Civil Division

Area (square miles)

Percent of Total

Ozaukee County (continued)

Town of Cedarburg ..........cccvviiee i 26.0 231
TOWN Of Fredonia.......ccooiuiiiiiiieieiieee e 28.1 2.49
Town of Grafton ...................... 195 1.73
Town of Port Washington 2.6 0.23
Town of SAUKVIIlE .....oooiii e 334 2.96
Subtotal 170.0 15.09
Racine County
City Of RBCINE......eiiiiiiii e 10.6 0.94
Village of Caledonia................ 45.6 4.05
Village of Mt. Pleasant 135 1.20
Village of North Bay ................ 0.1 0.01
Village of Sturtevant................ 0.2 0.02
Village of Union Grove 0.7 0.06
Village of WInd POINt .........cuuuiiiiieiii e 1.3 0.12
Town of Dover 2.6 0.23
TOWN Of NOTWAY .....eeiiiiiieiiiie et 0.1 0.01
Town Of RAYMONG .......ooviiiiiiiiiie e 34.0 3.02
TOWN Of YOTKVIlle....coiiiiii e 29.9 2.65
Subtotal 138.6 12.31
Sheboygan County
Village of Adell .....ovviiiiiiiiiiiee e 0.6 0.05
Village of Cascade................... 0.8 0.07
Village of Random Lake 1.7 0.15
Town of Greenbush................. 3.7 0.33
Town of Holland 0.5 0.04
Town of Lyndon 12.6 1.12
Town of Mitchell .... 335 2.97
TOWN OF SCOL ..ot 36.5 3.24
TOWN Of SNEIMAN ...t 32.6 2.90
Subtotal 1225 10.87
Washington County
City Of MIlWAUKEE .....ccoiiiiiiiiie e >0.1 >0.01
City of WSt BENd ... 12.6 1.12
Village of Germantown ............coooviiiiiiiiiiiiieee e 34.4 3.05
Village of Jackson.................. 25 0.22
Village of Kewaskum 1.4 0.12
Village of Newburg.................. 0.8 0.07
Village of Slinger..................... 0.3 0.03
Town of Addison ...........ccec..ee 0.2 0.02
TOWN Of BArtON......oeiiiiiiiiiiiiee e 18.0 1.60
Town of Farmington .........c.ueiiiiiioiiiiee e 36.8 3.26
Town of Germantown 1.8 0.16
TOWN Of JACKSON ... 34.2 3.03
Town of Kewaskum 22.9 2.03
Town of PolK .......ccceeeveiiiinns 24.2 2.15
Town of Richfield... 7.2 0.64
Town of Trenton.... 335 2.97
Town of Wayne .........ccccceeene 9.1 0.81
Town of West Bend 17.2 1.53
Subtotal 257.1 22.81
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Table 1 (continued)

Civil Division Area (square miles) Percent of Total
Waukesha County

City Of Brookfield .........coouiiiiiiie e 135 1.20
City Of MIlWAUKEE ..o 0.1 0.01
City Of MUSKEQO ..ceiiiiiiiiiiiiie et 3.9 0.35
City of NeW Berlin........ooiieeee e 9.9 0.88
Village Of BULIET .......eiiiiieiee e 0.8 0.07
Village of EIM GrOVE .......coooiiiiiiiiiieiieee et 3.3 0.29
Village of Menomonee FallS..........ccocveeeiiiiiiiniiicceeee e 18.5 1.64
Town of Brookfield ..o 0.2 0.02
TOWN Of LISDON......oiiiiiiiiiie e 0.3 0.03

Subtotal 50.5 4.49

Total 1,127.2 100.00

NOTE: The Town of Mt. Pleasant incorporated to a Village in the year 2003. The Town of Caledonia incorporated to a Village
in the year 2005.

Source: SEWRPC.

Sanitary District in the Town of West Bend; the Town of Scott Sanitary District; the Wallace Lake Sanitary
District in the Towns of Barton and Trenton; the Waubeka Area Sanitary District in the Town of Fredonia; and
the Yorkville Sewer Utility District No. 1 in the Town of Yorkville

Inland Lake Protection and Rehabilitation Districts

Inland lake protection and rehabilitation districts are special-purpose units of government created pursuant to
Chapter 33 of the Wisconsin Statutes. There are three such districts in the watershed: the Big Cedar Lake
Protection and Rehabilitation District, the Little Cedar Lake Protection and Rehabilitation District, and the Silver
Lake Protection and Rehabilitation District. Lake protection and rehabilitation district powers include 1) study of
existing water-quality conditions to determine the causes of existing or expected future water-quality problems,
2) control of aquatic macrophytes and algae, 3) implementation of lake rehabilitation techniques, including
aeration, diversion, nutrient removal or inactivation, dredging, sediment covering, and drawdown, 4) construction
and operation of water-level-control structures, 5) control of nonpoint source pollution, and 6) creation, operation,
and maintenance of a water safety patrol unit.

Other Agencies with Resource-Management Responsibilities Related to Water Quality

Superimposed upon these local and special-purpose units of government are those State and Federal agencies with
important responsibilities for water quality management and resource conservation and management. These
include the Wisconsin Department of Natural Resources (WDNR); the University of Wisconsin-Extension; the
State Board of Soil and Water Conservation Districts; the U.S. Department of the Interior, U.S. Geological
Survey; the U.S. Environmental Protection Agency; the U.S. Department of Agriculture, Natural Resources
Conservation Service (NRCS); and the U.S. Army Corps of Engineers.

DEMOGRAPHIC AND ECONOMIC BASE

An understanding of the size, characteristics, and spatial distribution of the resident population is basic to any
watershed-based planning effort because of the direct relationships which exist between population levels and the
demand for land, water, and other important elements of the natural resource base, as well as the demand for
various kinds of transportation, utility, and community facilities and services. The size and other characteristics of
the population of an area are greatly influenced by growth and other changes in economic activity. Population
characteristics and economic activity must, therefore, be considered together.
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Demographic Base
For planning purposes, a demographic inventory should include consideration of population size, distribution, and
composition.

Population Size

Table 2 shows the number of persons, the number of households, and the average household size for the regional
water quality management plan study area in the year 2000 broken down by civil division. In 2000, the study area
had a population of 1,281,444 persons and contained 506,164 households. Mean household size in the study area
was about 2.5 persons per household. This quantity varied among the civil divisions, ranging between a low of
2.04 persons per household in the Village of Butler to a high of 3.11 persons per household in the Town of
Germantown.

Table 3 shows the number of persons residing in the study area in 1970, 1980, 1990, and 2000. Between 1970 and
2000, the number of persons living in the study area declined from about 1,323,000 to about 1,281,000. A decline
took place during the 1970s; since 1980 the population of the study area has increased. As shown in Figure 2, this
overall result for the study area reflects different patterns of population change in the constituent watersheds.
Population in the Kinnickinnic River watershed declined from 1970 to 1980 and has remained stable since then. A
similar pattern was seen in the Menomonee River watershed. During the 1970s, population in this watershed
exhibited declines. Since 1980, the total population within the watershed has remained relatively stable.
Population change in the Milwaukee River watershed followed a slightly different pattern. Like the Kinnickinnic
River and Menomonee River watersheds, the Milwaukee River watershed experienced a decline in population
during the 1970s. This was followed, however, by a slight increase in population during the 1980s. Decline of
population resumed during the 1990s. Population trends in the Oak Creek and Root River watersheds are
characterized by a different pattern. In both of these watersheds, population has increased continuously since
1970. Finally, the Lake Michigan direct tributary drainage area has experienced continuous population decreases
since 1970.

Table 4 shows the number of households in the study area in 1970, 1980, 1990, and 2000. Between 1970 and
2000, the number of households in the study area increased from about 412,300 to about 506,100, an increase of
almost 23 percent. While the number of households increased in all six watersheds of the study area over the same
period, the magnitude of growth in this quantity varied among the watersheds. The Kinnickinnic River watershed
experienced the smallest increase, 3,158 households, representing an increase of 5.6 percent. By contrast, the Oak
Creek watershed experienced a high increase in the number of households, 10,495, representing an increase of
over 100 percent. Similarly, during this period, 25,709 households were added to the Root River watershed,
representing a 65.5 percent increase in the number of households. While both the Menomonee River and
Milwaukee River watersheds experienced increases in number of households in excess of 22,000, the increases in
these watersheds represent a smaller percentage of growth.

These increases in the number of households, coupled with the changes in population sizes discussed above,
reflect a trend toward decreasing household size in the study area. Table 5 shows mean household size for the
study area and each of the constituent watersheds for the period 1970 to 2000. Overall, the mean household size in
the study area declined by about 21 percent, from 3.21 persons per household in 1970 to 2.53 persons per
household in 2000. The greatest change in household size occurred in the Oak Creek watershed where mean
household size decreased from 3.65 persons per household in 1970 to 2.44 persons per household in 2000, a
33 percent decline. Slower decreases occurred in the Kinnickinnic River and Milwaukee River watersheds. Mean
household size in these watersheds declined by about 17 percent over the same period resulting in values of 2.56
persons per household and 2.57 persons per household respectively in 2000. The other watersheds in the study
area experienced intermediated percentage declines.
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Table 2

POPULATION AND HOUSEHOLDS BY CIVIL DIVISION WITHIN THE
REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 20002

Civil Division

Total Population

Total Households

Average
Household Size

Dodge County

Village of Lomira 155 71 2.18
Town Of LOMIra ....cccvveiiiiiiiiiiiee e 132 43 3.07
Subtotal 287 114 2.52b
Fond du Lac County
Village of Campbellsport 1,913 710 2.53
Town of Ashford 1,773 641 2.77
Town of Auburn..... 2,075 732 2.83
Town of Byron....... 375 136 2.76
Town Of EAEN....oooviiiiiiece e 778 264 2.95
Town Of OSEOIA.......ccvveiiiiiiieiie e 1,779 694 2.56
Subtotal 8,693 3,177 2.70b
Kenosha County
TOWN Of PAriS.....ccviiiiiiiiiiieiee e 56 19 2.95
Subtotal 56 19 2.95b
Milwaukee County
City of CUANY ...oeeiiiiicce e 18,423 7,884 2.32
City of Franklin..........cooooviiiiiiiiiie e 30,254 10,958 2.57
City of Glendale ...................... 11,721 4,938 2.20
City of Greenfield 34,839 15,447 2.20
City of Milwaukee 596,663 231,776 2.50
City of Oak Creek 28,836 11,393 2.52
City of St. Francis 8,898 4,129 2.14
City of South MilwauKee ..........ccccovevriiieeiiiiee e 21,189 8,669 2.40
City of WauwatoSa .......ccveeiviiiiiiiiiee e 47,065 20,594 2.24
City of West Allis 60,922 27,399 2.18
Village of Bayside ........cccceeeeiiiiiiiiiiiee e 4,200 1,637 2.47
Village of Brown DEer .........coocuviiieiiiiniiiiiiieee e 12,190 5,138 2.28
Village of Fox Point 7,418 3,061 2.41
Village of Greendale 14,364 5,985 2.38
Village of Hales Corners ...........cccceeeeiiiiiiiieee e, 7,156 2,980 2.37
Village of River Hills................. 1,481 546 2.71
Village of Shorewood.............. 13,609 6,419 2.09
Village of West Milwaukee 4,467 2,044 2.17
Village of Whitefish Bay .........cccccceveeeiiiiiiiiee e, 16,467 6,731 2.44
Subtotal 940,162 377,728 2.42b
Ozaukee County
City of Cedarburg.......cccceviiiiiieiieiiiieeee e 10,906 4,397 2.47
City Of MEQUON........eeiiiiiieei e 22,694 7,920 2.74
Village of Fredonia..........cccccoviiiiiiiiiiiiiiiiieceee e 1,863 679 2.74
Village of Grafton 11,090 4,364 2.53
Village of Saukville..........cccooeiiiiiiie e 4,088 1,584 2.58
Village of Thiensville ... 3,277 1,462 2.20
Town of Cedarburg 5,703 1,909 2.89
Town Of Fredonia...........evvveevveverereeeriereeeeeeeeeeereeenennnen, 1,955 681 2.87
Town Of Grafton .......ccevviiiiiiiiie e 3,421 1,285 2.66
Town of Port Washington 414 138 3.00
Town of SAUKVIllE.......cuiiiieieeie e 1,852 669 2.77
Subtotal 67,263 25,088 2.63D
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Table 2 (continued)

Average
Civil Division Total Population Total Households Household Size
Racine County
City 0f RaCINE ..o 55,696 21,488 2.55
Village of Caledonia 24,194 8,820 2.69
Village of Mt. Pleasant ...........cccccceeeeeiiiiiiieee e, 5,925 2,310 2.55
Village of North BayC .........c.ccooeevviviiieceeeeceenns -- -- --
Village of Union Grove 2,528 916 2.66
Village of Wind Point............... 1,941 706 2.75
Town of Dover............ccocevvnne.. 552 35 2.83
Town of Raymond................... 3,348 1,194 2.80
Town of YOrKVIlle........oeiiiiiiiiiiee e 2,834 1,023 2.74
Subtotal 97,018 36,492 2.60P
Sheboygan County
Village of Adell........ocoovviiiiiiiiie e 517 207 2.50
Village of Cascade 666 255 2.61
Village of Random Lake 1,551 613 2.53
Town of Greenbush .........coeviiiiiiiiii e 1,389 448 3.10
Town of Lyndon ...................... 939 362 2.59
Town of Mitchell.... 1,098 405 2.71
Town of Scott......ccoeevveervivinnnnn. 1,804 658 2.74
Town of SherMan..........cooviviieiie s 1,459 513 2.84
Subtotal 9,423 3,461 2.72b
Washington County
City of WesSt Bend .........cocovvviiiiiiie e 27,652 11,176 2.44
Village of Germantown...........cccvvveeeeeeiiciieieee e, 18,333 6,927 2.63
Village of Jackson 4,944 1,957 2.52
Village of Kewaskum..........ccoooiiiiiiiiiiniiiies 3,185 1,179 2.64
Village of NeWbUrg..........ccceviiiiiiiiiieeieieeeee e 1,046 362 2.88
Town of Barton..........ccccceuuneeee. 2,543 897 2.84
Town of Farmington................. 3,239 1,116 2.90
Town of Germantown 205 66 3.11
Town of Jackson..........ccceeee.... 3,541 1,206 2.94
Town of Kewaskum................. 1,211 428 2.83
Town of PolK........ccovvvvvivinnnnnn. 3,088 1,065 2.88
Town of Richfield .................... 1,893 679 2.79
Town of Trenton.........c..cceuue.... 4,591 1,572 2.91
Town Of WayNe ..o 438 143 3.06
Town of West Bend..........ccooovvvvviiiiiiiiiiiie, 4,459 1,530 2.64
Subtotal 80,368 30,303 2.61bP
Waukesha County
City of Brookfield.........cccccovviiieeii e, 18,455 6,767 2.72
City Of MUSKEQO .....ovviiiiieiiiiiieiecee e 5,054 1,683 3.00
City of New Berlin 19,332 7,225 2.67
Village of BUtler............eeviiiiiiiiiiieee e 1,835 896 2.04
Village of EIM Grove .........ccccooiiiiiiiieiiiiiiiiieeee e 6,247 2,446 2.55
Village of Menomonee Falls.... 26,960 10,605 2.54
Town of Brookfield .................. 278 105 2.64
Town of LiSDON........uceiiiiiiiiieeee e 13 5 2.60
Subtotal 78,174 29,732 2.54b
Total 1,281,444 506,114 2.474

aCivil division and watershed boundaries approximated by whole U.S. Public Land Survey one-quarter sections.

BThis number represents the mean household size for those portions of the County in the study area.

CBecause the Village of North Bay covers a relatively small land area, that does not lend itself to quantification on an U.S.
Public Land Survey one-quarter section basis, the Village population is not specified separately in this table, but it is included

in the population estimates for the City of Racine.

dThis number represents the mean household size for the study area.

Source: U.S. Bureau of the Census and SEWRPC.
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Table 3

POPULATION BY WATERSHED WITHIN THE REGIONAL WATER
QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1970-2000

Population Change 1970-2000
Watershed 1970 1980 1990 2000 Persons Percent
Kinnickinnic River................. 172,453 151,135 149,186 152,137 -20,316 -11.8
Menomonee River................ 346,412 322,432 322,443 321,999 -24,413 -7.0
Milwaukee River................... 511,010 488,374 490,757 485,115 -25,895 -5.1
Oak CreekK.....occvvvevrieieiiinenn, 38,162 41,365 43,301 51,033 12,871 33.7
ROOt RIVET .....ceiiiiiiiieiiiiee 142,268 149,688 155,090 169,420 27,152 19.1
Lake Michigan Direct
Tributary Drainage ............ 112,829 104,995 103,479 101,740 -11,089 -9.8
Total 1,323,134 1,257,989 1,264,256 1,281,444 -41,690 -3.2

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

Economic Base

Employment

Information regarding the number and type of employment opportunities, or jobs, in an area is an important
measure of the size and structure of the area’s economy. Employment data presented in this section pertain to both
wage and salary employment and the self-employed, and include both full-time and part-time jobs.

As shown in Table 6, total employment in the regional water quality management plan update study area stood at
828,793 jobs in 2000, compared to 776,155 jobs in 1990. Table 7 shows that, in relative terms, employment in the
study area grew at a somewhat slower rate than the Southeastern Wisconsin Region, the State, and the Nation
during the 1990s. As a result, the study area’s share of total State employment decreased from about 28 percent to
about 24 percent, with the study area’s share of national employment also showing a slight decrease.

Information on current employment levels is presented by watershed in the study area in Table 6. With the
exception of the Lake Michigan direct drainage area, each watershed in the study area experienced an increase in
employment between 1990 and 2000. With an increase of almost 25,500 jobs, the Menomonee River watershed
accounted for almost half of the total net increase in employment in the study area during the 1990s. Significant
increases also occurred in the Root River and Milwaukee River watersheds. By comparison, the number of jobs in
the Kinnickinnic River watershed remained stable during this period.

LAND USE

An important concept underlying the watershed planning effort is that land use development should be planned
considering the ability of the underlying natural resource base to sustain such development. The type, intensity,
and spatial distribution of land uses determine, to a large extent, the resource demands within a watershed. Water-
resource demands can be correlated directly with the quantity and type of land use, as can water quality
conditions. The existing land use pattern can best be understood within the context of its historical development.
Thus, attention is focused here on both historical and existing land use development.

The Regional Planning Commission conducted a detailed inventory and analysis of the regional economy in
2004. The findings are presented in detail in SEWRPC Technical Report No. 10 (4th Edition), The Economy of
Southeastern Wisconsin, dated July 2004.
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Figure 2
POPULATION TRENDS IN THE REGIONAL

WATER QUALITY MANAGEMENT PLAN
UPDATE STUDY AREA: 1970-2000

1,400,000

1,200,000

1,000,000

800,000

POPULATION

600,000

400,000

200,000

1970 1980 1990 2000
YEAR

= KINNICKINNIC RIVER WATERSHED
=== == MILWAUKEE RIVER WATERSHED
MENOMONEE RIVER WATERSHED
OAK CREEK WATERSHED
ROOT RIVER WATERSHED
LAKE MICHIGAN DIRECT DRAINAGE AREA

= TOTAL POPULATION

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

Historic Growth Patterns

The movement of European settlers into the South-
eastern Wisconsin Region began around 1830. Com-
pletion of the U.S. Public Land Survey in 1836 and
the subsequent sale of public lands in Wisconsin
brought an influx of settlers into the area. In 1850, the
urban portion of the regional water quality manage-
ment plan update study area was located at what is
now the Cities of Cedarburg, Milwaukee, Racine, and
West Bend and the Village of Grafton, along with
many smaller settlements throughout the study area.
Over the 100-year period from 1850 to 1950, urban
development in the study area occurred in a pattern
resembling concentric rings around existing urban
centers, resulting in a relatively compact settlement
pattern. After 1950, there was a significant change in
the pattern and rate of urban development in the study
area. While substantial amounts of development
continued to occur adjacent to established urban
centers, considerable development also occurred in
isolated enclaves in outlying areas of the study area.
Map 3 indicates a continuation of this trend during the
1990s within the northern and southern portions of the
watersheds that are within the Southeastern Wisconsin
Region, with significant development occurring adja-
cent to existing urban centers, and with considerable
development continuing to occur in scattered fashion
in outlying areas. In Milwaukee and Waukesha
Counties in the central portion of the study area new
urban development consists primarily of in-fill and
redevelopment.

Table 8 summarizes the historic urban growth pattern
in the study area for the period 1850 to 2000. The rate
at which urban growth occurred in the study area
increased gradually until 1940. After 1940, the rate of
urban growth increased substantially, reaching a
maximum average rate of approximately 4,500 acres
converted to urban uses per year during the period
1950 to 1963. Since 1963, the average rate of urban
growth in the study area has declined from this peak.

Existing Land Use

The existing land use pattern within the greater Mil-
waukee watersheds is shown on Map4, and the
existing land uses are quantified by watershed in
Table 9.

As indicated in Table 9, about 486,000 acres of the watersheds, or about 67 percent of the total area of the
watersheds, was still in rural uses in 2000, with agriculture and related open uses occupying about 304,000 acres,
or about 42 percent of the total study area. In 2000, urban land uses occupied about 235,000 acres, or about
33 percent of the total area of the watersheds. Residential land use accounted for over 113,000 acres, or about

16 percent of the total study area.
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Table 4

HOUSEHOLDS BY WATERSHED IN THE REGIONAL WATER
QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1970-2000

Households Change 1970-2000
Watershed 1970 1980 1990 2000 Households Percent
Kinnickinnic River................. 56,233 58,560 59,415 59,391 3,158 5.6
Menomonee River................ 107,155 119,766 125,231 129,736 22,581 21.0
Milwaukee River................... 165,099 178,271 183,251 188,947 23,848 14.4
Oak CreeK.....coceevveecvvinnncnnn. 10,456 14,032 16,526 20,951 10,495 100.4
ROOt RiVEr.....cccovviiviiiiieee, 39,278 49,959 56,517 64,987 25,709 65.5
Lake Michigan Direct
Tributary Drainage ............ 34,046 38,708 40,606 42,102 8,056 23.7
Total 412,267 459,296 481,546 506,114 93,847 22.8
Source: U.S. Bureau of the Census and SEWRPC.
Table 5

HOUSEHOLD SIZE BY WATERSHED WITHIN THE REGIONAL WATER
QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1970-2000

Persons per Household Change 1970-2000
Watershed 1970 1980 1990 2000 Percent
Kinnickinnic River.................... 3.03 2.55 2.49 2.54 -16.2
Menomonee River................... 3.03 2.67 2.60 2.49 -17.8
Milwaukee River..........cccc........ 3.12 2.61 2.50 2.43 -22.1
Oak CreekK.....cveeveeeviciiinieeneenn, 3.64 2.92 2.60 2.41 -33.8
ROOt RIVEI e, 3.56 2.94 2.69 2.53 -28.9
Lake Michigan Direct
Tributary Drainage ............... 3.26 2.68 2.51 2.39 -26.7
Total 3.14 2.68 2.56 2.47 -21.3
Source: U.S. Bureau of the Census and SEWRPC.
Table 6

TOTAL EMPLOYMENT WITHIN THE REGIONAL WATER
QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1990-2000

Employment Change 1990-2000
Watershed 1990 2000 Jobs Percent

Kinnickinnic RiVer........ccoooovvvieiiiiienieenn, 77,313 77,720 407 0.5

Menomonee River 242,086 267,578 25,492 10.5

Milwaukee RiVer........cccoeevuvnnnnne. 325,662 337,876 12,214 3.8

Oak Creek............ 29,467 32,928 3,461 11.7

ROOt RIVEr...ccoieiiieiee, 65,459 78,911 13,452 20.6
Lake Michigan Direct

Tributary Drainage ........cccccccvvvveeeeenn. 36,168 33,780 -2,388 -6.6

Total 776,155 828,793 52,638 6.8

Source: U.S. Bureau of Economic Analysis and SEWRPC.
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Table 7

EMPLOYMENT IN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE
STUDY AREA, THE REGION, WISCONSIN, AND THE UNITED STATES: 1990-20002

Regional Water
Regional Water Quality Management
Quality Management Plan Southeastern Plan Update Study
Update Study Area Wisconsin Region Wisconsin United States Area As a Percent of:
Change from Change from Change from Change from
Preceding Year Preceding Year Preceding Year Preceding Year United
nite
Year Jobs Number | Percent Jobs Number | Percent Jobs Number | Percent Jobs Number Percent | Wisconsin States
1990 | 776,155 -- -- 1,062,600 -- -- 2,810,400 -- -- 136,708,900 -- -- 27.6 0.57
2000 | 828,793 52,638 6.8 1,222,800 160,200 15.1 3,421,800 | 611,400 21.8 165,209,800 28,500,900 20.8 24.2 0.50

3Excludes military employment.

Source: U.S. Bureau of Economic Analysis and SEWRPC.

Table 10 shows land use for those portions of the study area within the Southeastern Wisconsin Region for the
years 1970, 1990, and 2000. Historical land use data were unavailable for the portions of the study area outside of
the Region. During the period from 1970 to 2000, the amount of land in the portion of the study area in the
Region devoted to agricultural and related uses declined from about 420 square miles to about 317 square miles.
Much of this decrease resulted from the conversion of land from agricultural and related uses to urban uses. Over
the same time period, the amount of land in urban land uses increased from about 259 square miles to about 347
square miles. In addition, the area represented by surface water increased from 10.1 square miles in 1970 to 11.5
square miles in 2000. This change represents the net effect of a number of changes, including changes in
watershed boundaries, changes in the water levels in inland lakes and ponds, and the construction of stormwater
detention and infiltration basins. Over the same time period, the area represented by wetlands increased from 73.6
square miles to 78.2 square miles. This change represents the net effect of a number of changes, including
conversion of prior-converted agricultural lands back to wetland, the creation or restoration of some wetlands, and
the delineation of previously unidentified wetlands. The total area of the portion of the study area in the Region
increased slightly by 0.5 square mile from 1970 to 2000. This increase represents the combined effects of
refinements of watershed boundaries and the net effect of erosion and aggradation of land along the shore of Lake
Michigan.

Park and Open Space

Comprehensive and areawide inventories of publicly owned park and open space sites have been conducted
throughout the regional water quality management plan update study area. Park and open space sites owned by
public agencies, including State, county, or local units of government and school districts, are identified in the
inventories, as are lands held in conservation easements by organizations, such as the Wisconsin Department of
Natural Resources. In addition, the inventories include privately owned resource-oriented outdoor recreation sites,
such as golf courses, campgrounds, ski hills, boating access sites, swimming beaches, hunting clubs, retreat
centers, open space areas, and group camps, such as Scout or YMCA camps, and special-use outdoor recreation
sites of regional significance. Other resources of recreational significance, such as existing trails and bicycle ways
and historic sites listed on the National Register of Historic Places, were identified.

Park and Open Space Sites Owned By County Governments

Park and open space sites owned by the seven counties that comprise the study area are shown on Map 5 and
listed in Table 11. As of 2004, the counties owned 189 sites, comprising 18,400 acres of park land and open space
or approximately 2.6 percent of the total acreage within the study area. Within the study area, Milwaukee County
owns and manages the greatest amount of county-owned park land, over 15,000 acres, and has the three largest
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Table 8

EXTENT OF URBAN GROWTH WITHIN THE REGIONAL
WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1850-2000

Extent of New Urban
Development Occurring Cumulative Extent of Urban Cumulative Extent of Urban
Year Since Previous Year (acres)@ Development (acres)2 Development (percent)2
1850 4,617 4,617 0.6
1880 5,063 9,680 1.3
1900 4,479 14,159 2.0
1920 11,101 25,260 35
1940 18,331 43,591 6.0
1950 21,651 65,242 9.0
1963 57,944 123,186 17.1
1970 18,966 142,152 19.7
1980 15,360 168,494 234
2000 10,177 202,632 28.1

aUrban development, as defined for the purposes of this discussion, includes those areas within which houses or other
buildings have been constructed in relatively compact groups, thereby indicating a concentration of urban land uses. Scattered
residential developments were not considered in this analysis.

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

contiguous areas of county-owned park land; the Oak Creek Parkway, the Root River Parkway, and the Little
Menomonee River and Menomonee River Parkways.

Park and Open Space Sites Owned By the State of Wisconsin

Park and open space sites owned by the State of Wisconsin within the counties that comprise the study area are
shown on Map 5 and listed in Table 11. The State of Wisconsin owns and manages 42 sites, with a total of
approximately 30,150 acres or almost 4.2 percent of all land within the study area. Of the total State-owned
acreage, one site, a portion of the Kettle Moraine State Forest-Northern Unit, comprises over two-thirds of the
State-owned park land within the study area, over 23,460 acres located in Fond Du Lac and Washington Counties.
Various State agencies maintain control over State owned park lands, notably the Department of Natural
Resources, the Wisconsin Department of Transportation, and the University of Wisconsin.

Wisconsin Department of Natural Resources

The Wisconsin Department of Natural Resources (WDNR) has acquired large areas of park and open space lands
throughout Wisconsin and within the study area for a variety of resource protection and recreational purposes.
Park and open space sites owned by the Department of Natural Resources within the study area are listed in
Table 11. Major sites acquired for resource preservation and limited recreational purposes include the Kettle
Moraine State Forest-Northern Unit, the Cedarburg Bog Scientific Area, the Jackson Marsh Wildlife area, and
Nichols Creek State Wildlife area. Aside from several major parks, the WDNR also maintains 18 sites comprised
of nearly 500 acres throughout the study area.

In addition to the recreation and open space sites listed in Table 11, the Wisconsin Department of Natural
Resources has defined the North Branch Milwaukee River Wildlife and Farming Heritage Project Area. Within
this area, the Department does not intend to rely as heavily on fee simple acquisition as it does in the other project
areas in the study area. Rather, the Department anticipates implementing a long-term plan of preserving both
natural resource and agricultural lands within the project area through a combination of public ownership,
conservation easements, and purchase of development rights. The project area encompasses a 19,500-acre area
entirely within the Milwaukee River watershed, as shown on Map 5.
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Table 9

LAND USE IN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 200020

Watershed
Lake Michigan
Direct Drainage Kinnickinnic River Menomonee River Milwaukee River Oak Creek Root River Total
Percent Percent Percent Percent Percent Percent Percent
Category Acres of Total Acres of Total Acres of Total Acres of Total Acres of Total Acres of Total Acres of Total
Urban
Residential ................... 9,322 35.6 5,741 34.7 25,928 29.8 45,848 10.2 4,599 255 22,215 17.6 113,384 15.7
Commercial.................. 520 2.0 913 5.8 3,510 4.0 4,045 0.9 638 35 1,812 14 11,438 1.6
Industrial ..........ccccoeeeee. 844 3.2 1,154 7.3 4,417 5.1 5,688 1.3 865 4.8 1,639 1.3 14,608 2.0
Transportation,
Communication,
and Utilities®............. 4,519 17.3 5,175 32.8 14,546 16.8 28,504 6.4 3,516 19.5 10,645 8.4 66,904 9.3
Governmental and
Institutional ............... 971 3.7 1,201 7.6 3,647 4.2 4,415 0.9 652 3.6 1,956 15 12,841 1.8
Recreational................. 1,200 4.6 646 4.1 3,409 3.9 6,593 15 555 3.1 3,361 2.7 15,763 2.2
Subtotal 17,376 66.4 14,560 92.3 55,457 63.8 95,093 21.2 10,825 60.0 41,628 329 234,938 32.6
Rural
Agricultural
and Related.............. 2,801 10.7 70 0.4 14,978 17.3 219,168 48.9 2,919 16.2 64,012 50.6 303,948 42.1
Water .....oovveveeeneeieens 127 0.5 153 1.0 542 0.6 7,715 1.7 28 0.2 1,017 0.8 9,583 1.3
Wetlands.........ccceveenne 415 1.6 57 0.3 6,741 7.8 67,110 15.0 920 5.1 6,793 5.4 82,036 11.4
Woodlands................... 1,464 5.6 92 0.6 2,110 2.4 39,836 8.9 760 4.2 4,936 3.9 49,199 6.8
Landfill, Extractive,
Unused, and Other
Open Land ............... 3,983 15.2 847 54 7,062 8.1 19,080 43 2,587 14.3 8,104 6.4 41,662 5.8
Subtotal 8,790 33.6 1,219 7.7 31,433 36.2 352,909 78.8 7,214 40.0 84,862 67.1 486,428 67.4
Total 26,166 100.0 15,779 100.0 86,890 100.0 444,802 100.0 18,039 100.0 126,490 100.0 721,366 100.0

aas approximated by whole U.S. Public Land Survey one-guarter sections.

bas part of the regional land use inventory for the year 2000, the delineation of existing land use was referenced to real property boundary information not available for prior inventories. This change
increases the precision of the land use inventory and makes it more usable to public agencies and private interests throughout the Region. As a result of this change, however, year 2000 land use inventory
data are not strictly comparable with data from the 1990 and prior inventories. At the watershed and study area level, the most significant effect of the change is the increase to transportation,
communication, and utilities categories, as a result of the use of narrower estimated right-of-ways in prior inventories. The treatment of streets and highways generally diminishes the area of adjacent land
uses traversed by those streets and highways in the 2000 land use inventory relative to prior inventories.

Coff-street parking of more than 10 spaces is included with the associated land use.

Source: SEWRPC.



Table 10

LAND USE IN THE SOUTHEASTERN WISCONSIN PORTION OF THE REGIONAL
WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1970-20002:P,¢

1970 1990 20000 Change 1970-2000
Square Percent Square Percent Square Percent Square Percent
Category Miles of Total Miles of Total Miles of Total Miles of Total
Urban
Residential ..........cccocoeviiiiiiiin, 123.5 14.4 152.4 17.7 169.0 19.7 455 36.8
commercial ........coooeereiiiieniiiiencs 9.7 11 15.2 1.8 17.6 2.0 7.9 81.4
Industrial........ccooovviiieiiiiee, 14.7 1.7 18.5 2.1 21.6 25 6.9 46.9
Transportation, Communication,
and Utilitiesd e 77.1 9.0 84.8 9.9 96.0 11.2 18.9 24.5
Governmental and Institutional .......... 17.1 2.0 18.7 2.2 19.4 2.2 2.3 135
Recreational ...........cccocveeiiiiieniiieenns 17.3 2.0 20.7 2.4 23.7 2.8 6.4 37.0
Subtotal 259.4 30.2 310.3 36.1 347.3 40.4 87.9 33.9
Rural
Agricultural and Related...................... 419.8 48.8 362.2 42.1 317.2 36.9 -102.6 -24.4
10.1 12 11.2 1.3 11.5 13 14 13.9
73.6 8.6 75.6 8.8 78.2 9.1 4.6 6.2
42.2 4.9 43.4 51 43.6 51 14 3.3
Unused and Other Open Lands ......... 54.4 6.3 57.0 6.6 62.2 7.2 7.8 14.3
Subtotal 600.1 69.8 549.4 63.9 512.7 59.6 -87.4 -14.6
Total 859.5 100.0 859.7 100.0 860.0 100.0 0.5 --

aAs approximated by whole U.S. Public Land Survey one-quarter sections.

bas part of the regional land use inventory for the year 2000, the delineation of existing land use was referenced to real property boundary
information not available for prior inventories. This change increases the precision of the land use inventory and makes it more usable to
public agencies and private interests throughout the Region. As a result of the change, however, year 2000 land use inventory data are not
strictly comparable with data from the 1990 and prior inventories. At the county and regional level, the most significant effect of the change is
the increase to transportation, communication, and utilities category, as a result of the use of narrower estimated right-of-ways in prior
inventories. The treatment of streets and highways generally diminishes the area of adjacent land uses traversed by those streets and
highways in the 2000 land use inventory relative to prior inventories.

CBecause data are unavailable for Dodge, Fond du Lac, and Sheboygan Counties for 1970 and 1990, these data include only those portions
of the study area that are within the Southeastern Wisconsin Region.

doft-street parking of more than 10 spaces is included with the associated land use.

Source: SEWRPC.

Wisconsin Department of Transportation

The Wisconsin Department of Transportation manages five sites within the study area. Three of these sites are
waysides, and the other two are mitigation sites. Each wayside is approximately two acres, while the combined
acreage of the two mitigation sites is 138 acres. Park and open space sites owned by the Wisconsin Department of
Transportation that are located within the study area are listed in Table 11.

University of Wisconsin

The University of Wisconsin owns and manages three sites with about 356 acres within the study area, and jointly
owns the 1,568 acre Cedarburg Bog Scientific Area with the Department of Natural Resources. Park and open
space sites owned by the University of Wisconsin that are located within the study area are listed in Table 11.

Park and Open Space Sites Owned By the United States Federal Government

The United States Federal Government maintains five sites within the study area. The United States Fish and
Wildlife Service maintains four sites, three in Ozaukee County and one in Sheboygan County. The fifth Federal
site is the Racine County Line Rifle Club Range. In total, these sites comprise about 514 acres and are listed in
Table 11.
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Table 11

FEDERAL, STATE, AND COUNTY RECREATION AND OPEN SPACE LANDS WITHIN
THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Number Size
on Map 5 Site Name Location® (acres)
Fond du Lac County
State Sites
1 WDNR SIt@...uviieiiiiieeiiee ettt rae e T13N, R18E, Section 3 10
2 WDNR SIt€...uviieiiiiiieeetiee et e et eete e e etee e enres T13N, R19E, Section 20 19
3 WDNR SItE...uuiieeiiiieeiiieesieeesiie e e st e eseeeestaeeesneeesnraeeennees T13N, R19E, Section 28 9
4 WDNR Site.... ... | T13N, R19E, Section 28 3
5 WDINR SIE..eiiivieiiiiiiie ettt sttt eeas T13N, R19E, Section 32 6
6 Kettle Moraine State Forest-Northern Unit...........ccccceevveeen. T13N, R19E, Sections 1, 2, 3, 10, 11, 12, 13, 14, 20,638b
15, 16, 21, 22, 23, 24, 25, 26, 35, 36
T13N, R20E, Sections 5, 7, 18, 19
T14N, R19E, Sections 1, 12, 13, 22, 23, 24, 25,
26, 34, 35, 36
T14N, R20E, Sections 1, 2,3, 4,5, 6, 7, 8,9, 10,
15, 16, 17, 18, 19, 20, 21, 29, 30, 31, 32
T15N, R20E, Sections 27, 28, 32, 33, 34
7 WDNR SIt€...uviieiiiiiieetiee ettt ettt e etee e T14N, R18E, Section 22 16
Milwaukee County
State Sites
8 MIllEr PArkC ...ttt T7N, R21E, Section 26 98
9 State Fairgrounds ............ccceeeneen. T7N, R21E, Section 33 214
10 University of Wisconsin-Milwaukee .... ... | T7N, R22E, Section 10 25
11 Havenwoods State FOrest .........cccovvveeeiiiciiiieee e T8N, R21E, Section 26 237
County Sites
12 AICOLE ParK .....vvviiieeiiiiiiiee et T6N, R21E, Section 17 17
13 Algonquin Park ..........oociiiiiiiiii e T8N, R21E, Section 14 9
14 Armour Park ... | T6N, R21E, Section 22 16
15 ALKINSON TrHANGIE .....eeiiiiieii e T7N, R22E, Section 08 1
16 BaACK BaY.......eeiiiiiiiiiiie et T7N, R22E, Section 22 7
17 Baran Park.... ... | T6N, R22E, Section 8 24
18 Barnard Park...........coveeiiiiiiiee e T6N, R21E, Section 25 10
19 Bay VIEW Park .........cccoiiiiiiiiie e T6N, R22E, Section 14 38
20 Bender Park ... | T5N, R22E, Section 25 304
21 Big Bay Park .........cooiiiiiiiiieiii e T8N, R22E, Section 33 7
22 BIUFf PArK ....occiiiiiiiiiee et T7N, R21E, Section 26 7
23 Bradford Beach.... ... | T7N, R22E, Section 15 27
24 Brown Deer Park .........cocccuvviieiiieiiiiieee e T8N, R21E, Section 13 363
25 BUMMS COMMONS ..o T7N, R22E, Section 21 2
26 Caesar's Park ...... T7N, R22E, Section 21 3
27 Cambridge Woods.. T7N, R22E, Section 9 21
28 Cannon Park. T7N, R21E, Section 29 8
29 Carver Park...... T7N, R22E, Section 20 28
30 Cathedral Square. T7N, R22E, Section 28 2
31 Center Street Park.. T7N, R21E, Section 15 5
32 Chippewa Park .... T7N, R21E, Section 30 11
33 Clarke Square.. T7N, R22E, Section 31 2
34 Clas Park ...... T7N, R22E, Section 29 1
35 Columbus Par T7N, R21E, Section 3 10
36 Cooper Park......... T7N, R21E, Section 16 8
37 Copernicus Park .. T6N, R22E, Section 31 20
38 County Grounds.................. T7N, R21E, Section 20 231
39 Cudahy Nature Preserve .... ... | T5N, R22E, Section 4 72
40 CUANY Park ......coceiiiiieeiiie e T6N, R22E, Section 34 18
41 CUPEItiNO Park........coooueiiiiiiee e T6N, R22E, Section 10 7
42 Currie Park ... | T7N, R21E, Section 7 196
43 Dale Creek Parkway ...........cocoeviiiieiiiiiiieiiie e T6N, R21E, Section 34 45
44 DINEEN PaArK .....cuvviiiiiiee e T7N, R21E, Section 10 64
45 DOCLOIrS Park ........vviiiieiiiiiiiiee ettt a e ieaa e T8N, R22E, Section 10 51
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Table 11 (continued)

Number Size
on Map 5 Site Name Location® (acres)
Milwaukee County (continued)
County Sites (continued)

46 DOYNE PArK ...uveiiiiieeiiiiecciee et e e see e see e sve e see e e nnnee e T7N, R21E, Section 26 35
47 Dretzka Park..........ouuieeeiiiiiiiee e T8N ,R21E, Section 7 326
48 Eastside Bike Trail........ccocoveeeeeiiiiiiiiiie e T7N, R22E, Section 5 61
49 EStabrook Park ........ccccevciveiiiiee e T7N, R22E, Section 4 126
50 EUCH Park........ocuviiiiee et T6N, R21E, Section 16 9
51 Falk Park........cooiiiiiiiie e T5N, R22E, Section 7 215
52 Former North Shore R.OW ......cooiiviiiiie e T5N, R22E, Section 9 71
53 Franklin Park............oveeoiiiiiiiee e T5N, R21E, Section 29 165
54 Froemming Park .........ccoooiiiiiii e T5N, R21E, Section 23 17
55 Garden HOMES SQUATE........cocvveeiiereeeieeesieeeseeeeeniveeeenes T7N, R22E, Section 6 2
56 Gilman TrHanNgle .........c.ovoiiiieiiie e T7N, R22E, Section 15 1
57 Gordon Park .... T7N, R22E, Section 16 25
58 Grant Park ........oooeeiiiie e T5N, R22E, Section 1 375
59 Grantosa ParkWay ............ceeeeieeeiiiiieniiee e T7N, R21E, Section 8 11
60 Granville Dog Park.. T8N, R21E, Section 18 25
61 GrEENE ParK .....cccviieiiiie e it ciee e e e snae e T6N, R22E, Section 23 36
62 Greenfield Park............ovvee i T6N, R21E, Section 6 282
63 Grobschmidt Park... T5N, R21E, Section 1 152
64 Hales Corners Park T6N, R21E, Section 31 33
65 HanNSeN Park..........ouuveeiiiiiiiee e T7N, R21E, Section 20 54
66 Hanson A.C. Park... T8N, R21E, Section 3 14
67 HIghland Park ..........ccccevieeeiiiee s see e see e eee e T7N, R21E, Section 25 3
68 [ (0] 1= == 14 SRRSO T6N, R22E, Section 29 15
69 HOIE ParK . ..oeeeecieiieece e T6N, R21E, Section 17 21
70 Honey Creek Parkway ..........ccccevcveeiiiieeeniieesiieeesieee s T7N, R21E, Section 28 108
71 HOYE ParK ... T7N, R21E, Section 21 20
72 Humboldt Park ............ccoooiviiiieiiiiiiiieee e T6N, R22E, Section 9 70
73 JACKSON Park ......cccuvviiiiieeiie e T6N, R21E, Section 12 113
74 JacobUS Park ........coooviiiiiiii e T7N, R21E, Section 27 26
75 JOhNSONS Park.........cocvviiiiiiiiie e T7N, R22E, Section 19 13
76 JONNSIONE Park.......cooiiiieeiiiii et T5N, R22E, Section 6 13
77 JUNEAU ParK.......cciiieiiiiiiiiie e et e e e e T7N, R22E, Section 28 15
78 KEIM PArK....coiiiiiiiiiie et T7N, R22E, Section 9 3
79 KNG ParK ...cvvieiceiiec e sinea e T7N, R22E, Section 19 21
80 Kinnickinnic River Parkway.............cccococeiiiiiiniiiiiiiees T6N, R21E, Section 11 194
81 KK SPOIS CeNLET ....ceiiiiiiiiiiieeei e T6N, R22E, Section 7 20
82 KIBTZSCH Park.......ccciiiieeeiiiie e see e ee e T8N, R22E, Section 19 130
83 KONIPAIK ...veieieciiiiece et T8N, R21E, Section 3 205
84 KOPS ParK .....cooiiiiiiiiie ettt T7N, R21E, Section 9 8
85 Kosciuszko Park .. T6N, R22E, Section 5 34
86 KUIWICKI ParK ......vvviieeeiiiiiiiee e T6N, R21E, Section 19 48
87 La Follette Park...........ccooviveiiieeiieiiiiiee e T7N, R21E, Section 32 18
88 Lake Park T7N, R22E, Section 15 129
89 Lincoln Creek ParkWay ..........c.ccovuveeriiereniiieeeieeeseieee s T8N, R22E, Section 31 126
90 LiNCOIN Park........ovviiiieieiiieie e T8N, R22E, Section 31 312
91 Lingbergh Park T7N, R22E, Section 7 3
92 LindSay Park .........ccooiiiiiiieiieiee e T7N, R21E, Section 4 13
93 Little Menomonee River Parkway ............cccceeivveeeniieeennns T8N, R21E, Section 31 863
94 Lyons Park T6N, R21E, Section 14 12
95 MadiSON Park..........ceeeeiiiiiiiiie e T7N, R21E, Section 5 59
96 Maitland Park...........cccooiiiiiiiiieciiciiiee e T6N, R22E, Section 31 27
97 Manitoba Park............ccoovviuiiiieeiiciiiiee e T6N, R21E, Section 11 4
98 MCCarty Park .........coouiiiiiiiiiiie e T6N, R21E, Section 9 52
99 MCGOVEIN Park.......ccccciiiiiiiiiiee e T8N, R21E, Section 35 61
100 McKinley PArKD ..o T7N, R22E, Section 22 101
101 MEAUX ParK.......ccuvviiiiee it T8N, R22E, Section 31 26
102 Melody VIieW Preserve..........cocoveeeiieiieniiieeeiiee e T8N, R21E, Section 16 14
103 Menomonee River Parkway..........c.cccoccveeviireeiinenesiieeenns T7N, R21E, Section 6 597
104 Milwaukee County Sports COmMPpleX.........cccveeriverenieeeennns T5N, R21E, Section 23 119
105 Milwaukee River Parkway............ccccoiiiiiiiiiiiiniie e T8N, R22E, Section 19 106
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Table 11 (continued)

Number Size
on Map 5 Site Name Location® (acres)
Milwaukee County (continued)
County Sites (continued)
106 Mitchell Airport Park........cccceevueveeiieeeciiee e esee e seee s T6N, R22E, Section 21 19
107 Mitchell Boulevard ..........ccccceeeiiiiiiiieie e T7N, R21E, Section 26 15
108 Mitchell Park .........ooveiiiiiiiiiieeceeeee e T7N, R22E, Section 31 61
109 MOOAY PArK.....cciuiieeiiieeiiiie e cie e see e ee e se e see e nieae e T7N, R22E, Section 7 4
110 Morgan TraNgIe..........eeoiiieiiiiieeiee e T6N, R22E, Section 15 1
111 NaSh Park........coooviiiiiiiiie e T7N, R21E, Section 9 9
112 NOYES Park ....ccoceiieiiiie e T8N, R21E, Section 21 72
113 O'DONNEI ParK........evviiieee e T7N, R22E, Section 28 7
114 Oak Creek Parkway ..........cccocecieiiiieniiniienecciee e T5N, R22E, Section 10 1,051
115 OakWOOd ParK .......ccoiuiieeiiiieeiiiee e e s e ssee e e nena e T5N, R21E, Section 25 277
116 Park MaintenanCe..........ccuuvveveeeiiiiiiiiee e T7N, R21E, Section 27 4
117 Park Site 59 (Southwood Glen) T5N, R21E, Section 24 9
118 Pere Marquette Park.........cccocuvveeiieeesiiieesie e sieeeeeee s T7N, R22E, Section 29 2
119 Pleasant Valley Park..........cccocvveiiieiiiiiie e T7N, R22E, Section 9 23
120 Popuch Park T8N, R21E, Section 8 12
121 Prospect Triangle........ccoocueeeiiiee e se e see e eee e T7N, R22E, Section 15 1
122 Pulaski Park (Cudahy)..........ccceiiiiiiiiiiieieeeee e T6N, R22E, Section 26 16
123 Pulaski Park (Milwaukee) ... T6N, R22E, Section 7 26
124 RaINDOW Park ........cooiueeiiiie e T7N, R21E, Section 31 26
125 RAWSON ParK .......ovviiiieiiiiiiiieee e T5N, R22E, Section 2 30
126 Red Arrow Park T7N, R22E, Section 29 1
127 Riverfront Launch Site T7N, R22E, Section 33 1
128 RIVErside Park ........ccccoiiiiiiiiiie i T7N, R22E, Section 16 26
129 RIverton MeadoWS ..........c.vveeiieeiiiiiiieee et T5N, R22E, Section 15 8
130 ROOt RIVEr ParkWay ..........ceeeivireriiiiesiiieessiieessieeesseeeesnns T6N, R21E, Section 7 3776
131 ROSE Park......cooiiiiiiiie et T7N, R22E, Section 17 10
132 Saveland Park ........c..eeeeeiieiiiieiice s T6N, R22E, Section 17 3
133 Schoenecker Park .........ccccveeiiiiiiiec i T8N, R21E, Section 26 17
134 Scout Lake Park .........cceeeeiiieiiieeiiiiieee e T6N, R21E, Section 35 64
135 Servite Park PreServe.......ccoovevieeiieciieieee e T8N, R21E, Section 9 20
136 Sheridan Park ........ccooiveiiiieecie e see e T6N, R22E, Section 25 107
137 Sherman Park.........ccuuuieeeiiiiiiiiieee e T7N, R21E, Section 13 21
138 SMIth PArK ..veveeeiiieciiee e T8N, R21E, Section 36 19
139 South Shore Park® ...........c.ccoeeeveeeeeieeece e T6N, R22E, Section 10 35
140 St. Francis ProPerty .........ccceoiivieiiieeiiiee et T6N, R22E, Section 23 24
141 St. Martin’s Park ..........ccoooiiiiieiiie e T5N, R21E, Section 7 19
142 Tiefenthaler Park .........ccccoeuveeiiiii e eee e T7N, R22E, Section 19 11
143 Tippecanoe Park...........cccviiiiiiiiiiiiieieeee e T6N, R22E, Section 16 17
144 TrimbOrN Farm .......coooiiiiiiiie e T6N, R21E, Section 33 7
145 Uihlein Soccer Park T8N, R21E, Section 22 51
146 Underwood Creek ParkWay ............coovveveriieeeniieeesniieennns T7N, R21E, Section 20 173
147 Valley Park.........ooiiiiiiiiiiiiiie et T7N, R21E, Section 25 1
148 Veteran's Park . T7N, R22E, Section 28 101
149 VOgEl Park .......ooveiiiiiiieece e T8N, R21E, Section 33 12
150 Wahl Park .........oooiiiiiiiiicce et T7N, R21E, Section 2 12
151 Walker Square. T7N, R22E, Section 32 2
152 Warnimont Park ..........ccvveveeeiiiiiiiiee e T6N, R22E, Section 36 249
153 Washington Park ... T7N, R21E, Section 23 129
154 Webster Park T7N, R21E, Section 6 5
155 Wedgewood Park ..........ccccceeeiiieiiiiiee e T6N, R21E, Section 15 6
156 West Milwaukee Park ...........cccvvveeeeieiiiiiiiiee e T6N, R21E, Section 2 22
157 WhiItnall Park............coooiuviiiiiiiiiiiieee e T5N, R21E, Section 5 625
158 WIISON PArK.......viiiiieeiiiiiiiie et T6N, R22E, Section 19 77
159 Wilson Recreation CeNnter............eeeeeevviiieieeeeieiiiiieeee e T6N, R22E, Section 19 51
160 Wisconsin Avenue Park..........cccoeoviiieiiiniiiiee e T7N, R21E, Section 29 18
161 WYHICK ParK.......oveiiiiieiiiie et T8N, R21E, Section 23 18
162 ZablocKi Park........cc.evvviiiiiiiieiee e T6N, R21E, Section 24 45
163 Zeidler UNion SQUATE.......c.ceeiiiiieiiee e sivee e eiiee e T7N, R22E, Section 29 1
164 Milwaukee COUNLY Z0O .......cccvvviiiieeiiiiie et T7N, R21E, Section 29 170
165 War Memorial and Art CeNter...........cccovveeeeeeieiiiineeeeeeeenns T7N, R22E, Section 28 14
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Table 11 (continued)

Number Size
on Map 5 Site Name Location® (acres)
Ozaukee County
Federal Sites
166 U.S. Fish and Wildlife Service ... T10N, R22E, Section 9 40
167 U.S. Fish and Wildlife Service ... T10N, R22E, Section 16 55
168 U.S. Fish and Wildlife SErvice ..........cccoevvvevvieeiiiiiiiieeeeeens T11N, R21E, Section 13 40
State Sites
169 WDNR SItE ..eiiiiiiiee et e e TIN, R22E, Section 7 30
170 Cedarburg Habitat Preservation T10N, R21E, Section 20 21
171 WDNR Sit€ ..oovvvveeviieeeciee e T10N, R22E, Section 8 28
172 Wayside ......cccocevveiiiieeniieeee T11N, R21E, Section 7 2
173 UW Cedarburg Bog Arboretum. ... | T11N, R21E, Sections 29, 30 295
174 LAV Y | (= SR T11N, R21E, Section 31 80
175 Cedarburg Bog Scientific Area .........ccocvveeiiiieiiiiiiniiieees T11N, R21E, Sections 20, 21, 28, 29, 31, 32 1,568
176 Scattered Wetland ... | T12N, R21E, Section 7 80
177 WDNR SHt8 .oiiiiiie i e esiee et siee et e e e e sntae e nnnee s T12N, R21E, Section 9 73
County Sites
178 Carlson Park/Ozaukee Ice Center..........ccoeecuvvvveeeeeecnnnenn.. TON, R21E, Section 2 12
179 Mee-Kwon County Park.........ccccoeceeeieieeeiiireesieee e e T9N, R21E, Sections 10, 11 239
180 Virmond Park ... TIN, R22E, Section 28 66
181 Covered Bridge Park T10N, R21E, Section 10 12
182 Ozaukee County Fairgrounds...........cccccvveeveieeeiivieesnnnnennns T10N, R21E, Sections 22, 27 18
183 Lion’s Den Gorge Nature Preserve... .....c.cccccovceeeiiveennnnn. T10N, R22E, Section 10 79
184 Hawthorne Hills County Park ... | T11IN, R21E, Sections 3, 4 290
185 Tendick Nature Park ..........ccccveeviiveiiiie e T11N, R21E, Section 14 123
186 Guenther Farmstead. .. .......ccocvvveeeiiiiiiiieee e T11N, R21E, Section 17 213
187 Ehlers County Park.... T11N, R21E, Sections 13, 14, 23, 24 11
188 Waubedonia Park ... ... | T12N, R21E, Sections 27, 34 42
189 MagItZ PrOPEIY ...ccocviieiiiiieeiiit et T12N, R21E, Section 34 60
Racine County
Federal Sites
190 Racine County Line Rifle Club Range ..........ccccceevvveennnnnn. T4N, R23E, Section 6 80
State Sites
191 32nd Division Memorial Marker and Wayside ................... T4N, R22E, Section 12 2
192 Renak-Polak Maple Beech Woods..........cccceevvieeeiiineenen. T4N, R22E, Section 14 107
County Sites
193 Belle Harbor Marina...........ccccooevvuviieee e T3N, R23E, Section 9 5
194 Cliffside Park T4N, R23E, Sections 7, 8 233
195 EVANS Park...... cooeeeeiiiiiiiiie et s T3N, R21E, Section 12 66
196 Haban Park.........cceeeveeiiiiieiee e T3N, R22E, Section 8 37
197 Ives Grove Golf Links ... ... | T3N, R21E, Section 13 291
198 KOEIDEr PrOPEIY ..ccoueiiiiiiie ettt T4N, R21E, Section 15 11
199 Quarry Lake Park........cccoeiueeiiiiiieiiie e T3N, R23E, Section 6 40
200 Racine Harbor Park ... | T3N, R23E, Section 9 17
201 Reef POINt Marina.........cccvveiieeeicciiiieee et T3N, R23E, Section 9 40
202 Skewes Memorial Park.........ccccccoevvvvieeeeeecciiieeee e T3N, R21E, Section 14 4
203 Tabor Sokol Memorial Park. ... | T4N, R23E, Section 19 1
204 ROOt RIVEr PArkWay ..........coeiiieiiiiiieiiiiee i T3N, R23E, Section 6 651
T4N, R21E, Section 1
T4N, R22E, Sections 3, 4, 5, 10, 11, 14, 23, 25
T4N, R23E, Sections 19, 30, 31
Sheboygan County
Federal Sites
205 U.S. Fish and Wildlife Service ........ccccocvvivieeeiiiiiiiieeeeeenns T14N, R20E, Sections 32, 33 299
State Sites
206 Kettle Moraine Springs Fish Hatchery ..........ccccccoeviiennee. T13N, R20E, Sections 10, 11 313
207 Adell Wildlife Area.........uuvvveeeiiiiiiiee e T13N, R21E, Sections 12, 13 139
208 Nichols Creek State Wildlife Area..........cccceeveeeviciiiieeeeennn. T14N, R20E, Section 12 659
T14N, R21E, Sections 7, 18
209 WDNR SHt8 .oeiiiiieiciiii ettt et e T14N, R21E, Section 29 40
210 WDNR SHt8 .ottt ettt e T15N, R20E, Section 30 84
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Table 11 (continued)

Number Size
on Map 5 Site Name Location® (acres)
Washington County
State Sites
211 Gilbert Lake Open Space Site .......ccccevvveeiiiiresiiieeenieeesnns T11N, R19E, Section 20 35
212 Hacker Road Bog Natural Area..... T11N, R19E, Section 20 28
213 Ice Age Trail Corridor.................... .... | T11N, R19E, Section 10 8
214 Jackson Marsh Wildlife Area .........ccccooveeveiiiiiniinieeneennn T10N, R20E, Sections 8-11, 14-17 2,196
215 Kettle Moraine State Forest-Northern Unit ..............cccceeee. T12N, R19E, Section 1, 2, 10-15, 22-24 2,828f
216 Public Access-Big Cedar Lake ...........cccoevveveeniienannns T11N, R19E, Section 19 2
217 University of Wisconsin Center-Washington County .......... | T11N, R19E, Section 15 369
218 WDINR SHE ..ottt ettt T10N, R19E, Section 13 2
219 WDINR SHE .viiiiiieiie ettt sttt T10N, R19E, Section 13 3
220 WDNR Site ..... T10N, R19E, Section 14 17
221 WDNR Site ..... T10N, R20E, Section 19 23
222 WDNR Site ..... T11N, R19E, Section 17 20
223 WDNR Site .....ccvvvvvenieens T12N, R19E, Section 26 15
224 WisDOT Mitigation Site.... ... | T11N, R20E, Section 34 21
225 WisDOT Mitigation Site.........eeeeiirreiiiieeiiiiee e esiee e TON, R20E, Section 29 117
County Sites

226 Ackerman’s Grove County Park ..........cccccoeiiiniiiiiiiinenns T10N, R19E, Section 3 78
227 Cedar Lake Wayside .................... T11N, R19E, Section 28 3
228 Goeden Park........cccoeviiineennennn. T11N, R20E, Section 14 4
229 Henschke Hillside Lake Access.... ... | T11N, R19E, Section 27 9
230 Homestead HOlloW Park ............cccovvveeeiiiiiiiiieecceccciieeee T9IN, R20E, Section 20 105
231 Hughes Burckhardt T LU T11N, R19E, Section 13 12
232 Leonard J. Yahr Park.......... ... | T12N, R20E, Section 27 38
233 Lizard Mound Park....... .... | T12N, R20E, Sections 31, 32 31
234 Ridge Run Park ........ ... | T11N, R19E, Section 15 148
235 Sandy Knoll Park ...........cccceee ... | T11N, R20E, Section 5 257
236 Washington County Fair Park..........ccccooovveeniiieniiieciieeee T10N, R19E, Section 1 129

A ndicates location given in U.S. Public Land Survey Township, Range, and Section.

bOnIy includes those lands within the Milwaukee River Watershed that are outside the Southeastern Wisconsin Region-Fond du Lac and
Sheboygan County.

Cowned by the Southeast Wisconsin Professional Baseball Park District, a special purpose district established by the State.
dincludes Milwaukee Yacht Club, which is privately owned.

€Includes South Shore Yacht Club, which is privately owned.

fOnly includes those lands located in Washington County.

9The University of Wisconsin Center-Washington County is located on lands managed by the University, but owned jointly by Washington
County and the City of West Bend. The entire site encompasses 60 acres, of which 36 acres are in recreational or open space use.

hHughes Burckhardt Field is on County-owned land leased by the County to the West Bend Little League.
Source: SEWRPC.

Historic Sites

Historic sites within the study area often have important recreational, educational, and cultural value. A number of
inventories and surveys of potentially significant historic sites have been conducted by various units and agencies
of government within the study area. The results of these inventories and surveys are on file at agencies, such as
the Wisconsin Historical Society, as well as county and local agencies.

Certain sites of known historic significance are listed on the National Register of Historic Places. In 2004, there

were 237 individual sites and 48 historic districts within the study area listed on the National Register. The
locations of these sites and districts are presented in Tables 12 through 14 and Map 6, respectively.
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Table 12

HISTORIC SITES AND DISTRICTS ON THE NATIONAL REGISTER OF
HISTORIC PLACES WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN
UPDATE STUDY AREA, EXCEPTING THE CITIES OF MILWAUKEE AND RACINE: 2004

Number Year
on Map 62 Site Name Locationb Civil Division Listed
Fond du Lac County
3 Saint John Evangelical Lutheran Church ..........ccccocoveviiiiiiiee e, 131926 Town of Auburn 1986
4 St. Matthias MiSSION .......cccueiiiiiiiiiiiiieieee e 131924 Town of Auburn 1988
Milwaukee County
1 Benjamin Church HOUSE .........ccueiiiiiiiiiiiciiie e 072204 Village of Shorewood 1972
2 Lowell Damon HOUSE ...........ccoiiiiiiiiiiic e 072121 City of Wauwatosa 1972
4 Frederick C. BOgK HOUSE ..........ccooiiiiiiiiiiii e 072215 City of Milwaukee 1972
5 Jeremiah Curtin HOUSE...........coiiiiiiiiiiiii e 062133 Village of Greendale 1972
9 St. Josephat BasSiliCa..........cooueiriiiiiiiiiiiieec e 062208 City of Milwaukee 1973
16 Milwaukee -Downer “Quad”.. 072210 City of Milwaukee 1974
17 Henni Hall........cccoooeiiiiiiiccce 062215 City of St. Francis 1974
19 Annunciation Greek Orthodox Church . . 072105 City of Wauwatosa 1974
29 Frederick Pabst HOUSE..........coiiiiiiiiie e 072230 City of Milwaukee 1975
31 Joseph Schlitz Brewing Company Saloon..........ccccevviiveniieeiiieeesieeennns 062209 City of Milwaukee 1977
32 Robert Machek HOUSE ..........coouiiiiiiiiiiiicc e 072219 City of Milwaukee 1977
33 Painesville Chapel...........coiiiiiiiiiiiii s 052124 City of Franklin 1977
36 Joseph W. Kalvelage HOUSE ..........cocuviiiiiiiiiiiieiiice e 072230 City of Milwaukee 1978
37 South Milwaukee Passenger Station............cccvvveviieenniieeniiee e, 052211 City of South Milwaukee 1978
41 Charles QUArES HOUSE ..........coiuiiiiiiiiiiiiieeie et 072215 City of Milwaukee 1979
44 SPrNG GrOVE SIE....eiiiiiiiiiiiieeiiee sttt 082219 City of Glendale 1979
47 SUNNYNIlHOME ... 072121 City of Wauwatosa 1980
48 TrMBOIN FarmM ..o 062128 Village of Greendale 1980
49 Forest Home Cemetery and Chapel...........ccccovviiiiiiiieiiiiicciiec e, 062207 City of Milwaukee 1980
50 EIJEIWOOM ...ttt 082220 City of Glendale 1980
51 Milwaukee Fire Department-High Pressure Pumping Station ................ 062205 City of Milwaukee 1981
52 Bay View HiStOriC DISHCE .......cciueireirieiiieriie et 062210 City of Milwaukee 1982
59 Herman UIhlien HOUSE ........cceiiiiiiiiieiiic et 082233 Village of Whitefish Bay 1983
61 Ward Memorial Hall............oooiiiiiiiiiiecies e 072135 City of Milwaukee 1984
66 Shorewood Village Hall ..........cocviiiiiiiiiiiiiiee e 072210 Village of Shorewood 1984
72 N. 1st Street HiStoriC DISTHC ........covvvieiieiiiiiie i 072217 City of Milwaukee 1984
77 North Point Light HOUSE .........cccceeiiiiiiiiiiiiceeciiee e e ———————— 072215 City of Milwaukee 1984
79 Milwaukee County Dispensary and Emergency Hospital ....................... 072230 City of Milwaukee 1985
80 Concordia HiStoriC DISIHCE.......cciuvieiiiie i 072125 City of Milwaukee 1985
81 Highland Boulevard HiStoric DiStrCt ...........cceevriireriieeiiiiiesiiee e 072125 City of Milwaukee 1985
82 McKinley Boulevard HiStoric DiStrCt...........ccuveiririeriiie e 072124 City of Milwaukee 1985
83 Starke Meyer House ...................... 082216 Village of Fox Point 1985
84 Otto F. Fiebing House..... 072126 City of Milwaukee 1985
85 Alfred M. Hoelz House ... 072203 City of Milwaukee 1985
86 Thomas Bossert House.. 072210 Village of Shorewood 1985
87 Erwin Cords House .........cccevveenenne. . 072203 Village of Shorewood 1985
88 Seneca W. and Bertha Hatch HOUSE ..........cccccoviiiiiiiiinicnicecc e 072210 Village of Shorewood 1985
89 Henry A MEYEI HOUSE .......ooiuiiiiiiiiieieeie et 072210 Village of Shorewood 1985
90 George E. Morgan House . 072203 Village of Shorewood 1985
91 H. R. Davis House............. 072127 City of Wauwatosa 1985
92 J. H. Fiebing House. 072121 City of Wauwatosa 1985
93 Warren B. George House.. 072127 City of Wauwatosa 1985
94 Willis Hopkins House ........ . 072128 City of Wauwatosa 1985
95 Pearl C. NOMON HOUSE ........evveiiiiiiiiiieeiiie ettt 072121 City of Wauwatosa 1985
96 RUFUS ArNAt HOUSE ...ttt 072203 Village of Whitefish Bay 1985
97 Barfield-Staples House... 082233 Village of Whitefish Bay 1985
98 George Gabel House .. 072203 Village of Whitefish Bay 1985
99 Paul S. Grant HOUSE ........cccoouiiiiiiiiiiiciic e 082233 Village of Whitefish Bay 1985
100 Harrison Hardie HOUSE...........ccoiiiiiiiiiiiicc e 072203 Village of Whitefish Bay 1985
101 Horace W. Hatch House.... 082228 Village of Whitefish Bay 1985
102 Halbert D. JenKiNS HOUSE........ccuiiiiiiieiiciie et 082233 Village of Whitefish Bay 1985
103 JOhN F. MCEWENS HOUSE .....cuviiiiiiiiiiciie ettt 082233 Village of Whitefish Bay 1985
104 Frederick Sperling House.. 082233 Village of Whitefish Bay 1985
105 William Van Altena House. . 072204 Village of Whitefish Bay 1985
106 Frank J. Williams HOUSE........ccoiuriiiiiiieiiiee e 082233 Village of Whitefish Bay 1985
107 G. B. Van DEeVaN HOUSE .........cciiiiiieiiiieiiiee ettt 072203 Village of Whitefish Bay 1985
108 American System Built Homes (Burnham Street District).. 062101 City of Milwaukee 1985
109 Thomas B. Hart HOUSE..........cccoviviiiiieiiiceeiee e . 072121 City of Wauwatosa 1985
110 Charles ADBreSCh HOUSE ........ueiiiiiiiiiiii e 072230 City of Milwaukee 1986
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Table 12 (continued)

Number Year
on Map 62 Site Name LocationP Civil Division Listed
Milwaukee County (continued)
112 Michael Carpenter HOUSE.............coiviiiiiiiiiiiii e 072125 City of Milwaukee 1986
114 Thomas COOK HOUSE .........ccccciiiiiiiiiiiiiiecc e 072230 City of Milwaukee 1986
115 Abraham H. Esbenshade HOUSE............ccccoeoieiieniciiciecec e 072125 City of Milwaukee 1986
117 Grand Avenue Congregational Church ..........ccccoeiiiiiiiciicceen 072230 City of Milwaukee 1986
118 Highland Avenue Methodist ChUrch.........c.ccoooeiiiiiiiiiiec e 072230 City of Milwaukee 1986
119 David W. HOWI€ HOUSE ......cccueiiiiiriiiiiiiiec e 072125 City of Milwaukee 1986
122 Milwaukee Normal School (Mil. Girls’ Trade and Tech. H.S.).. 072230 City of Milwaukee 1986
123 Pabst BreWery SAl00N..........coiiiiiiiiiieiiiie et 072219 City of Milwaukee 1986
124 George Schuster House and Carriage Shed.........ccoocveeiivieiiiinesiiieennns 072125 City of Milwaukee 1986
125 Second Church of Christ SCIENtISt.........vveiiiiiiiiiieiee e, 072125 City of Milwaukee 1986
126 Fred SIVYEr HOUSE ....cc.vviiiiiiieciieee et 072230 City of Milwaukee 1986
127 Street George Melkite Catholic Church.........cccoccoveviieiiiiiiiiie e, 072230 City of Milwaukee 1986
128 Tripoli Temple ......coooveeviiiiiiieiieees 072125 City of Milwaukee 1986
129 Harry B. Walker House 072125 City of Milwaukee 1986
132 Town of Milwaukee Town Hall.............cccccoiiiiiiiii, 082230 City of Glendale 1986
133 Victor SChlitz HOUSE ......c..ooviiiiiiiicc e 072230 City of Milwaukee 1986
134 Edward J. Dahinden House.. 072125 City of Milwaukee 1986
135 Eagles’ Club 072230 City of Milwaukee 1986
136 Kilbourn Avenue Row House HiStoric DiStriCt...........coccvevverienierinieeneens 072230 City of Milwaukee 1986
139 Fred W. Ullius Jr. HOUSE ........ccocvvviiiiiiennnne 082229 Village of Whitefish Bay 1987
141 Christ Evangelical Lutheran Church 062206 City of Milwaukee 1987
142 St. Martini Evangelical Lutheran Church..........ccccooiviiiiiinciciccee 062206 City of Milwaukee 1987
144 St. Vincent's Infant ASYIUM..........ooiiiiiiiiiieiiie e 062205 City of Milwaukee 1987
149 NEW COLIN HOUSE ....cooviiiiiiiiieiiie et 062232 City of Milwaukee 1988
150 Pythian Castle LOAGE ......coovuvieiiiieiiiieeiie e 072231 City of Milwaukee 1988
154 Chief Lippert Fire Station..........ccueeieiieniieeiiie e 072117 City of Milwaukee 1988
156 Kneeland-Walker HOUSE ..........coooiiiiiiiiiiiiiiee e 072122 City of Wauwatosa 1989
159 Church Street HiStoric DiStrCt .........cveviviiieriieeiii e 072121 City of Wauwatosa 1989
160 Washington Highlands Historic DiStriCt ...........cccocveeiiiieiiiiesniiiesieee s 072122 City of Milwaukee 1989
168 Garden Homes Historic DiStriCt...........ccociiiiiiiiiiiiii e 072206 City of Milwaukee 1990
172 St. Peter and Paul Roman Catholic Church Complex............c.ccccceeneene 072215 City of Milwaukee 1991
174 Congregation Beth Israel Synagogue ............cccoceeeiiiiiiiiiiiiciicicnee 072218 City of Milwaukee 1992
176 | LAKE PArK...ooeciiiiiiicecie e 072215 City of Milwaukee 1993
177 | Newberry Boulevard Historic DiStriCt............cooveriieiieniinienieeieeeei 072215 City of Milwaukee 1994
178 | Brown Deer SChOOI .....cc.eeiiiiiiiiiciic ittt 082102 Village of Brown Deer 1993
179 Washington & Hi-Mount Blvds. Historic DiStriCt...........c.cccooveervericnieenne. 072123 City of Milwaukee 1994
181 Harley-Davidson Motorcycle Factory Building............ccceevevienieniiiiieens 072125 City of Milwaukee 1994
182 North Grant Boulevard HiStoric DiStriCt...........coovvveeriieeiiiieeniie e, 072113 City of Milwaukee 1995
185 South Layton Historic District ............... 062101 City of Milwaukee 1996
187 Wauwatosa Arcade Building 072115 City of Wauwatosa 1997
188 Wauwatosa Woman'’s Club . 072121 City of Wauwatosa 1998
190 Mil. Cty School of Ag. & Domestic Economy Historic District................. 072120 City of Wauwatosa 1998
191 Mil. Cty Home for Dependent Children School...........cccoccvveviiieeiniieennnes 072120 City of Wauwatosa 1998
192 Mil. Cty Home for Dependent Children Administration Bldg. .................. 072120 City of Wauwatosa 1999
195 North Point North Historic DiStrict..............ccccovciiiiiiininnen. 072215 City of Milwaukee 2000
199 Lawson Airplane Company/Continental Faience & Tile Co.. . 052211 City of South Milwaukee 2001
200 Kenwood Park-Prospect Hill Historic District..............cccoociiviiiiiiiinnnnns 072210 City of Milwaukee 2002
202 Whitefish Bay National Guard Armory..........cccccceeveiiiiiiiniiciieieeiees 082233 Village of Whitefish Bay 2002
205 North Sherman Boulevard HiStoric DiStriCt...........cocvereerieriinieeieeseens 072113 City of Milwaukee 2004
206 The Goodwill Industries BUilding ...........cccooiiiiiiieiiiniecceeeeseee 072231 City of Milwaukee 2004
207 Wadhams Gas Station ...........cccoccviiiiiiiiiciicc e 062104 City of West Allis 2004
1 [010)Y=T¢=To I =14 o [o =P PUPRPURT PPN 102110 Town of Cedarburg 1973
2 Concordia Mill ... 102135 Town of Cedarburg 1974
3 Cedarburg Mill 102127 City of Cedarburg 1974
5 Hamilton HiStOric DIStHCE .........ccvviiiiiiiiiiee e 102135 Town of Cedarburg 1976
6 Stony Hill School...........cccccveenns 122128 Town of Fredonia 1976
9 Hilgen and Wittenberg Woolen Mill 102127 City of Cedarburg 1978
10 Jonathan Clark HOUSE.............ccoociiiiiiiiiicc 092103 City of Mequon 1982
11 John Reichert FarmhOUSE ..........ccioiiiiiiiiieiieceec e 092104 City of Mequon 1982
13 Grafton Flour Mill............coooiiiii e 102124 Village of Grafton 1983
14 Cedarburg Woolen Company Worsted Mill ............cccoovevieniininiiieieens 102124 Village of Grafton 1983
16 WaAYSIAE HOUSE ...ttt 102134 City of Cedarburg 1986
17 Washington Avenue Historic District . 102127 City of Cedarburg 1986
18 Payne Hotel..........ccocoveiieniciicieee 112125 Village of Saukville 1991
19 Columbia Historic District..... 102126 City of Cedarburg 1992
20 Edwin J. Neiman Sr. HOUSE ........ooviiiiiiiiiieiie e 092110 City of Mequon 1996
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Ozaukee County (continued)
23 Mequon Town Hall and Fire Department............cccoccooveiviiiiiiiiiiicienns 092110 City of Mequon 2000
24 Bigelow School . 092101 City of Mequon 2000
25 William F. Jahn Farmstead..........ccccoovvieeiiieiiiiieciiee e 092115 City of Mequon 2000
27 Jacob VOIgt HOUSE .....ccoiiiiiiiiiiiiice et 092121 City of Mequon 2000
28 O'Brien-Peushel Farmstead............cccvviiiiieiiiie i 092116 City of Mequon 2000
29 Isham Day House (Yankee Settler's Cottage) 092110 City of Mequon 2000
30 Green Bay Road Historic District. . 092123 Village of Thiensville 2004
31 Main Street HiStoric DIStIiCE.........cciiviiiiiieiiiieesece e 092123 Village of Thiensville 2004
4 JONN COllINS HOUSE ...ttt 042215 Village of Caledonia 1974
8 Herbert F. Johnson House (Wingspread) 042327 Village of Wind Point 1975
9 Racine Harbor Lighthouse and Life Saving Station.............ccccoovvveeninen. 032309 City of Racine 1975
18 HANSEN HOUSE ..ottt e 032309 City of Racine 1979
20 NO. 4 ENQGING HOUSE ......vviiiiiiiiiiie ittt 032309 City of Racine 1979
21 St. Patrick’'s Roman Catholic Church ............cccoovviiiiiin e, 032309 City of Racine 1979
30 Wind Point Light Station...........cooiiiiiiiiiiiie e 042327 Village of Wind Point 1984
38 Karel Jonas House 032309 City of Racine 1982
47 Southern Wisconsin Home Historic District............c.cceevnees 032025 Town of Dover 1991
48 Northside Historic District of Cream Brick Workers’ Cottages................ 032304 City of Racine 1994
Sheboygan County
1 St. Patrick's Roman Catholic Church ...........ccccooiiiiiiiiic 132101 Town of Sherman 1983
2 Gooseville Mill/Grist Mill 132117 Town of Sherman 1984
1 Lizard Mound County ParkC............c..cccovocuemrueeeeeeeeeeeeeeeeeeeee e 122032 Town of Farmington 1970
2 GAAOW'S Ml s 111901 City of West Bend 1974
3 St. John of God Roman Catholic Church, Convent, and School . . 121910 Village of Kewaskum 1979
5 Washington County Courthouse and Jail ............cccevviieiiiieeiiiieiiieees 111914 City of West Bend 1982
6 St. Peter's ChUIMCH ..o 122034 Town of Farmington 1983
7 Christ Evangelical ChUrCh ..........ccccooiiiiiiiiiiiiceciee e 092009 Village of Germantown 1983
8 Jacob Schunk Farmhouse. . 092026 Village of Germantown 1983
9 Leander F. Frishy HOUSE..........cccviiiiiiiiiiic e 111914 City of West Bend 1985
16 St. Augustine Catholic Church and Cemetery.........cccccovcvvevviienniirennnen, 112025 Town of Trenton 1990
17 Barton Historic DISErCE..........ccciiiiiiiiiciic e 111911 City of West Bend 1992
19 Washington County “Island” Effigy Mound DiStrict ...........ccccovevveniiiennnns 122031 Town of Farmington 1996
Waukesha County
5 Miller DavidSON HOUSE .........oieiiiiieiiiie e 082003 Village of Menomonee Falls 1973
18 DOUSMAN INN .ottt e e 072027 City of Brookfield 1979
30 Garwin Mace Lime KilNS.......c.uiiiiiiiiiiiieesiiee e 082010 Village of Menomonee Falls 1982
95 AlDert R. BAEI HOUSE .......uvviiiiiiiiiie ettt 082003 Village of Menomonee Falls 1988
96 Andrew Barnes House ... 082003 Village of Menomonee Falls 1988
101 LeRoy H. Henze House.. 082003 Village of Menomonee Falls 1988
102 Herbert Hoeltz House...... . 082010 Village of Menomonee Falls 1988
103 Elizabeth HOOS HOUSE..........ciiiiiiiiiiicicccc e 082003 Village of Menomonee Falls 1988
104 ROWEll HOOS HOUSE........ociiiiiiiiiiiic e 082003 Village of Menomonee Falls 1988
105 Frank Koehler House and OffiCe .........coccoiiiriiniiiiiiiie e 082003 Village of Menomonee Falls 1988
106 Garwin A. MaACE HOUSE ........coeiiiiiiiiriieiit ettt 082003 Village of Menomonee Falls 1988
107 Main Street Historic District.. 082003 Village of Menomonee Falls 1988
108 Menomonee Falls City Hall .. 082003 Village of Menomonee Falls 1988
109 Menomonee Golf Club ...... 082013 Village of Menomonee Falls 1988
110 John A. Pratt House..... . 082003 Village of Menomonee Falls 1988
111 Third Street Bridge ....veei it 082003 Village of Menomonee Falls 1988
112 Village Park Bandstand............cccccuveiiiiiiniie i 082010 Village of Menomonee Falls 1988
113 Michael Wick Farmhouse and Barn ...........cccccovvieniieeiniiieniec e, 082013 Village of Menomonee Falls 1988
114 Johann Zimmer FarmhOUSE ............coiuiiiiiieiiiiiecieee e 082002 Village of Menomonee Falls 1988
129 George Lawrence Clarke HOUSE ..........cocuviiiiiiiiiiieiiit e 082036 Village of Butler 1995
149 Enoch Gardener and Mary Caroline Koch Needham House.................. 062001 City of New Berlin 2000

aNumbering of sites is not in sequence in cases where portions of counties lie outside the study area. The numbering used is the same as in
countywide listings in order to maintain consistency with local county plans.

bindicates location given in U.S. Public Land Survey Township, Range, and Section.

CIn 2005, this site was listed as “Lizard Mound State Park” on the National Register of Historic Places. However, the site was acquired by Washington

County in 1986.

Source: The Wisconsin Historical Society and SEWRPC.
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Table 13

HISTORIC SITES AND DISTRICTS ON THE NATIONAL REGISTER

OF HISTORIC PLACES IN THE CITY OF MILWAUKEE: 2004

Number Year
on Map 62 Site Name LocationP Civil Division Listed
3 Pabst TREALET .......coiiiiiiiii e 072229 City of Milwaukee 1972

6 Holy Trinity Roman Catholic Church (Our Lady of Guadlupe).. 072232 City of Milwaukee 1972

7 North Point Water TOWET ..........ccoiiieiiiiieeiiie e 072222 City of Milwaukee 1973

8 Old St. Mary's Church........ 072228 City of Milwaukee 1973
10 Milwaukee City Hall ..............ccoeeenee. 072229 City of Milwaukee 1973
11 Milwaukee County Historical Center.. 072229 City of Milwaukee 1973
12 Federal BUilding ..o 072228 City of Milwaukee 1973
13 Northwestern Mutual Life Insurance Company, Home Office................... 072228 City of Milwaukee 1973
14 Mitchell Building 072229 City of Milwaukee 1973
15 Mackie Building...........cccocvervienecnnnen. 072229 City of Milwaukee 1973
18 St. Patrick’'s Roman Catholic Church..........cccccoccveeiiiieiiie e 072232 City of Milwaukee 1974
20 Immanuel Presbyterian Church ..o 072228 City of Milwaukee 1974
21 IroN BIOCK ...t 072229 City of Milwaukee 1974
22 All Saints’ Episcopal Cathedral Complex.. 072221 City of Milwaukee 1974
23 St. Paul’'s Episcopal Church . 072221 City of Milwaukee 1974
24 First Unitarian Church........... 072221 City of Milwaukee 1974
25 Central Library ............. 072229 City of Milwaukee 1974
26 Lloyd R. SMIth HOUSE .......eeiiiiiiiiiiie e 072222 City of Milwaukee 1974
27 St. John’s Roman Catholic Cathedral............ccccovoviiiiiniiiniiciiicee 072228 City of Milwaukee 1974
28 Charles Allis HOUSE .......cccocvvveeiiinenns 072221 City of Milwaukee 1975
30 German-English Academy .... 072228 City of Milwaukee 1977
34 Turner Hall ... 072229 City of Milwaukee 1977
35 First Ward Triangle Historic District ... 072221 City of Milwaukee 1987
38 Walker's Point Historic District........... 072232 City of Milwaukee 1978
39 Trinity Evangelical Lutheran Church............ccccoooiiiiiiiiiiceee e 072229 City of Milwaukee 1979
40 St. James Episcopal ChurCh..........cccceviiie i 072229 City of Milwaukee 1979
42 Graham ROW........ccccceeviiieeiiiieeee. 072221 City of Milwaukee 1979
43 North Point South Historic District .. 072222 City of Milwaukee 1979
45 Sixth Church of Christ SCIENtIST ........ccovciieeiiie e 072228 City of Milwaukee 1980
46 KNapP-ASIOr HOUSE .....ooiiiiiiiiie ettt 072221 City of Milwaukee 1980
53 Milwaukee County Courthouse. 072229 City of Milwaukee 1982
54 Women'’s Club of WIiSCONSIN ........ccceeiiiiieniieeecieee e 072228 City of Milwaukee 1982
55 Milwaukee News Building and Mil. Abstract Assoc. Building.... 072228 City of Milwaukee 1982
56 Germania Building .........ccoceooiiiiiiiienicc e 072229 City of Milwaukee 1983
57 Valentin Blatz Brewing Company Office Building .. 072229 City of Milwaukee 1983
58 Baumbach BUildiNg .........c.ceiiiiiiiiiee e 072228 City of Milwaukee 1983
60 ADDOTE ROW ...t 072221 City of Milwaukee 1983
62 Historic Third Ward DiStriCt..........ccccvevviveiiceee e 072228 City of Milwaukee 1984
63 The State Bank of Wisconsin/Bank of Milwaukee Block. 072228 City of Milwaukee 1984
64 William Steinmeyer HOUSE..........cocveviiriieniiciiieieccieee 072220 City of Milwaukee 1984
65 Shorecrest Hotel ..........ccccccueee... 072222 City of Milwaukee 1984
67 Baasen House-German YMCA.............. 072220 City of Milwaukee 1984
68 Golda Meir School (4th Street SChoOl) ........ccoovviriiiiiiiiiicee 072220 City of Milwaukee 1984
69 Gallun Tannery Historic DiStrHCE ........ceovieeeiiie e 072221 City of Milwaukee 1984
70 Frederick Ketter Warehouse.................. 072220 City of Milwaukee 1984
71 F. Mayer Boot and Shoe Co., Building .. 072220 City of Milwaukee 1984
73 N. 3rd Street HiStOric DIStHCE .....cccuvveeiiiee e cie e 072220 City of Milwaukee 1984
74 PUDIIC SChOOI NO. 27 ..o 072220 City of Milwaukee 1984
75 Oneida Street Station ........... 072229 City of Milwaukee 1984
76 Vine/Reservoir Historic District. 072220 City of Milwaukee 1984
78 Astor on the Lake.................. 072228 City of Milwaukee 1984
111 Calvary Presbyterian Church 072229 City of Milwaukee 1986
116 Gesu Church........cccceevinns 072229 City of Milwaukee 1986
120 JONNSION Hal ..o e 072229 City of Milwaukee 1986
121 Kilbourn Masonic TEMPIE .........ccooiiiiiiiiiiiii e 072229 City of Milwaukee 1986
130 Blatz Brewery Complex ........c.cccveennen 072229 City of Milwaukee 1986
131 East Side Commercial Historic District .. 072228 City of Milwaukee 1986
137 Cass-Wells Street Historic District...... 072228 City of Milwaukee 1986
138 Plankinton-Wells-Water Street Historic DiStriCt.........ccccovvevivveiiieeeiiineens 072229 City of Milwaukee 1986
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140 Old World 3rd Street HiStoric DiStriCE..........ccueiiiiieiiiiieerieee e 072229 City of Milwaukee 1987
143 St. Peter's Evangelical Lutheran Church ... 072232 City of Milwaukee 1987
145 Salem Evangelical Church........c.cccccocveviiinens 072232 City of Milwaukee 1987
146 South First & Second Street Historic District ... 072232 City of Milwaukee 1987
147 J. L. Burnham BIOCK.........ccccconiiiiiiiniiniicies 072232 City of Milwaukee 1988
148 South Branch Library ........ccccceevvvevcieeiinnnnnn 072232 City of Milwaukee 1988
151 Lohman Funeral Home and Livery Stable .... 072232 City of Milwaukee 1988
152 Foth Christian HOUSE ..........ccocoiiiviiieiiiieene 072232 City of Milwaukee 1988
153 Knickerbocker Hotel...........c.cccceeeneen. 072221 City of Milwaukee 1988
155 Cass-Juneau Street Historic District... 072228 City of Milwaukee 1988
157 First Church of Christ Scientist ........... 072221 City of Milwaukee 1989
158 Old Coast Guard Station.............. 072222 City of Milwaukee 1989
161 Herman W. Buemming House...... 072221 City of Milwaukee 1990
162 Elias R. Calkins Double HOUSE............ccooviiiieiiiiicniccceee e 072221 City of Milwaukee 1990
163 JOSEPh B. OlIVEI HOUSE .......vvieiiiie et ee et e e e e neee e 072221 City of Milwaukee 1990
164 Desmond-Farmham-Hustis House . 072221 City of Milwaukee 1990
165 Brady Street Historic District............cccceevennen. 072221 City of Milwaukee 1990
166 Prospect Avenue Mansions Historic DiStriCt...........ccccoveveeiiiiieesiieeesieeens 072221 City of Milwaukee 1990
167 Prospect Avenue Apartment Buildings Historic District ............ccccceviveene 072222 City of Milwaukee 1990
169 Emanuel D. Alder HOUSE ..........cccoovviiiiiniiiicniceec e 072221 City of Milwaukee 1991
170 Sanford R. Kane HouSe..........ccccceevvvveeennenn. 072221 City of Milwaukee 1991
173 Milwaukee Western Fuel and Oil Company 072222 City of Milwaukee 1992
175 St. John’s Evangelical Lutheran Church CompleX...........ccooeviiiniiicienne. 072220 City of Milwaukee 1992
180 Wisconsin Consistory Building..........cccccveveveeiinnenn. 072228 City of Milwaukee 1994
183 Brewers Hill Historic District...... 072220 City of Milwaukee 1995
184 Friedman ROW ..........cccceeeeee 072221 City of Milwaukee 1996
186 Exton Apartments Building ... 072221 City of Milwaukee 1997
189 Public Service Building ................ 072229 City of Milwaukee 1998
193 Commerce Street Power Plant .........ccccccocvviiiiciienncnns 072220 City of Milwaukee 1999
194 Joseph Schlitz Brewing Company Brewery Complex 072220 City of Milwaukee 1999
196 Mcintosh-Goodrich Mansion...........ccccceeviiiieniieeennns 072221 City of Milwaukee 2000
197 West Side Commercial Historic District .... 072228 City of Milwaukee 2000
198 Gimbels Parking Pavilion .........cc.cccccveenne. 072228 City of Milwaukee 2001
201 Lindsay-Bostrom Building................ 072232 City of Milwaukee 2002
203 Pabst Brewing Company COMPIEX ........c.cccveriiiiiiiiieniieieesiee e 072229 City of Milwaukee 2003
204 East Village HiStoric DiStrCt.......cccuveeiiee e eee e 072221 City of Milwaukee 2004
-- Total: 95 sites -- -- --

ANumbering of sites is not in sequence in cases where portions of counties lie outside the study area. The numbering used is the same as in
countywide listings in order to maintain consistency with local county plans.

bindicates location given in U.S. Public Land Survey Township, Range, and Section.

Source: The Wisconsin Historical Society and SEWRPC.

PUBLIC UTILITY BASE

Utility systems are among the most important and permanent elements of urban growth and development, as
urban development is highly dependent upon such systems. Sanitary sewerage, water supply, stormwater
management, and solid waste disposal systems are particularly important to sound water resource planning
because their location should influence the location and density of urban development and these systems can have
direct and indirect impacts on surface water and groundwater quality and quantity. Proper land use planning can
serve to discourage development to prevent the need to serve some areas, while encouraging development to
make serving other areas more feasible, in both cases minimizing environmental impacts and public expenditures.

The majority of sewerage and water supply utilities in the regional water quality management plan update study
area are organized as sewer and water departments of incorporated municipalities or as municipal utility
enterprises, and serve largely those areas within the respective political boundaries of the municipalities. A
general pattern of sewer and water service areas following political boundaries rather than natural topographic
boundaries, such as watershed boundaries, exists within the study area.
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Table 14

HISTORIC SITES AND DISTRICTS ON THE NATIONAL REGISTER OF HISTORIC PLACES IN THE CITY OF
RACINE WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2004

Number Year
on Map 62 Site Name LocationP Civil Division Listed
3 MCCIUIG BUIIAING ..ot 032309 City of Racine 1977

13 ShOoOP BUIIAING ...eeiieiieieie e 032309 City of Racine 1978

31 United Laymen Bible Student Tabernacle.............cccccceeviiiiiniieninn. 032316 City of Racine 1983

35 Racine Depot (Chicago & Northwestern) ...........ccccvvevenieiiicniciinens 032308 City of Racine 1980
40 Uptown (MajestiC Theater) ..........cooiiiieiiiieiiiiee e 032317 City of Racine 1982
43 Peter JohNSON HOUSE...........oiiiiiiiiii e 032308 City of Racine 1986
45 Old Main Street Historic DIStHCt .........ccceeiiiiiiiiieiiiesecceeee e 032309 City of Racine 1987

46 Historic 6th Street BUSINESS DIStIiCE ........ceevivveeiiiie e 032309 City of Racine 1988
49 Lincoln School ... 032308 City of Racine 1994
50 Wilmanor Apartments 032317 City of Racine 1994
52 The Thomas Driver and Sons Manufacturing Company.................... 032309 City of Racine 2004

-- Total: 11 sites - - - .-

@Numbering of sites is not in sequence in cases where portions of counties lie outside the study area. The numbering used is the same as in
countywide listings in order to maintain consistency with local county plans.

bindicates location given in U.S. Public Land Survey Township, Range, and Section.

Source: The Wisconsin Historical Society and SEWRPC.

Sanitary Sewer Service

Table 15 lists the sanitary sewerage facilities in the regional water quality management plan update study area. As
shown on Map 7, areas served by sanitary sewers in the portion of the regional water quality management plan
study area within the Southeastern Wisconsin Region in 2000 encompassed about 303 square miles, or about
27 percent of the total area of the study area. In 2004, there were 17 public sewage treatment plants located in the
study area. In addition, while the City of Racine’s sewage treatment plant is not located in the study area and
discharges to Lake Michigan at a location south of the study area, much of its service area is located within the
study area. Urban development outside of areas served by sanitary sewers encompassed approximately 33 square
miles, or about 3 percent of the study area. An estimated 1,216,000 persons, or about 95 percent of the population
of the watersheds, were served by public sanitary sewers in 2000. Planned or anticipated future sanitary sewer
service areas in the study area in 2000 encompassed approximately 429 square miles, or approximately 38 percent
of the study area. Planned sewer service areas are shown on Map 8.

In addition to the publicly owned sewage treatment facilities, the following three private sewage treatment plants
were in existence in 2000 in the regional water quality management plan update study area. These plants served
the following uses: Long Lake Recreational Area in Fond du Lac County, Fonks Mobile Home Park in Racine
County, and Kettle Moraine Correctional Institution in Sheboygan County.

Water Supply Service

As shown on Map 9, areas served by public water utilities in 2000 encompassed about 256 square miles, or about
23 percent of the total area of the regional water quality management plan study area. An estimated 1,155,683
persons, or about 90 percent of the population of the study area, were served by public water utilities in 2000. In
addition, urban areas not served by public water supplies constitute about 61 square miles, or about 5 percent of
the study area. Municipal water supply facilities in the study area are listed in Table 16.

In addition to publicly owned water utilities, there are numerous privately or cooperatively owned water systems
operating in the study area. These water supply systems typically serve residential subdivisions, apartment or
condominium developments, mobile home parks, and institutions. The areas served by such systems are shown on
Map 9. This map distinguishes those municipal water supply systems which currently utilize Lake Michigan as a
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144

PUBLIC AND PRIVATE SEWERAGE FACILITIES WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Sewage Treatment Facility or Collection System

Watershed within Which System Lies

Sewerage Facilities Type

Lake Private Public Sewer
Michigan Sewage Collection/
Direct Menomonee Milwaukee Oak Root Treatment Treatment Conveyance
Name Location Drainage River River Creek River Plant System
Dodge County
Village of Lomira........cccoovveiieiiiiiciiciiccee Village of Lomira -- -- X -- -- -- X
Fond du Lac County
Village of Campbellsport............cccccovveiiieinennn. Village of Campbellsport -- -- X -- -- -- X
Village of Eden..........couoiiiiiiiiiiiieene Village of Eden -- -- X -- -- -- X
Long Lake Recreation Area..........c.cccccvvvereeennns Town of Osceola -- -- X -- -- X --
Milwaukee County
City of Cudahy .......ccccoveiiiiiiiee City of Cudahy X -- -- X -- -- X
City of Franklin... City of Franklin -- -- -- X X -- X
City of Glendale..... City of Glendale -- -- X -- -- -- X
City of Greenfield City of Greenfield -- X -- X X -- X
City of Milwaukee City of Milwaukee X X X X X -- X
City of Oak Creek . City of Oak Creek X -- X X -- X
City of St. Francis ....... City of St. Francis X -- -- -- -- -- X
City of South Milwaukee .. | City of South Milwaukee X -- -- X -- -- X
City of Wauwatosa...... .. | City of Wauwatosa -- X -- -- -- -- X
City of West Allis... City of West Allis -- X -- -- X -- X
Village of Bayside Village of Bayside X -- -- -- -- -- X
Village of Brown Deer ... Village of Brown Deer -- -- X -- -- -- X
Village of Fox Point..... Village of Fox Point X -- X -- -- -- X
Village of Greendale ... Village of Greendale -- X -- -- X -- X
Village of Hales Corners Village of Hales Corners -- -- -- -- X -- X
Village of River Hills.... Village of River Hills X -- X -- -- -- X
Village of Shorewood.. Village of Shorewood X -- X -- -- -- X
Village of West Milwaukee Village of West Milwaukee -- X -- -- -- -- X
Village of Whitefish Bay ...........cccocveeiieeninennnns Village of Whitefish Bay X -- X -- -- -- X
Milwaukee Metropolitan Sewerage DistrictP .... | Milwaukee County X X X X X -- --
Ozaukee County
City of Cedarburg City of Cedarburg -- -- X -- -- X -- X
City of Mequon ..... City of Mequon X X X -- -- -- X
Village of Fredonia Village of Fredonia -- -- X -- -- X -- X
Village of Grafton.. Village of Grafton -- -- X -- -- X -- X
Village of Newburg... Village of Newburg -- -- X -- -- X -- X
Village of Saukuville... Village of Saukville -- -- X -- -- X -- X
Village of Thiensville.... Village of Thiensville -- -- X -- -- -- -- X
Waubeka Area Sanitary District Town of Fredonia -- -- X -- -- -- X
Racine County
City of Racine® City of Racine X -- -- -- X -- X
Caledonia West Utility District Village of Caledonia -- -- -- -- X -- X
Caledonia East Utility DiStrict...........c.cccoevennene Villages of Caledonia X -- - -- X -- X
Mt. Pleasant Sewer Utility District No. 1 .. | Village of Mt. Pleasant X -- -- -- X -- X
Village of North Bay .........ccccoeevieiiiiieniiiiee Village of North Bay X -- -- -- -- -- X
Village of Union Grove.... Village of Union Grove -- -- -- -- X -- X
Village of Wind Point... Village of Wind Point X -- -- -- -- -- X
Fonks Mobile Home Park............ Town of Yorkville -- -- -- -- X X --
Yorkville Sewer Utility District No. 1 Town of Yorkville -- -- -- -- X -- X
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Table 15 (continued)

Sewage Treatment Facility or Collection System Watershed within Which System Lies Sewerage Facilities Type
Lake Public Private Public Sewer
Michigan Sewage Sewage Collection/
Direct Kinnickinnic Menomonee Milwaukee Oak Root Treatment Treatment Conveyance
Name Location Drainage River River River Creek River Plant Plant System
Sheboygan County
Scott Sanitary District NO. 1.......cccocoverieiiennnnne Town of Scott -- -- -- X -- -- X -- X
Lake Ellen Sanitary District Town of Lyndon -- -- -- X -- -- -- -- X
Village of Adell Village of Adell .- -- .- X -- -- -d .- X
Village of Cascade. Village of Cascade -- -- -- X -- -- X -- X
Village of Random Lake...........cccoceeenveenneennnne Village of Random Lake -- -- -- X -- -- X -- X
Kettle Moraine Correctional Institute................. Town of Greenbush -- -- -- X -- -- -- X --
Washington County®
City of West Bend City of West Bend -- -- -- X -- -- X -- X
Village of Germantown Village of Germantown -- -- X X -- -- -- -- X
Village of Jackson Village of Jackson -- -- -- X -- -- X -- X
Village of Kewaskum ..........cccccooviiiiniieiieenns Village of Kewaskum -- -- -- X -- -- X -- X
Wallace Lake Sanitary District . ... | Towns of Barton and Trenton -- -- -- X -- -- -- -- X
Silver Lake Sanitary DistriCt...........cccocovveiinnnne Town of West Bend -- -- -- X -- -- -- -- X
Waukesha County
City of Brookfield... City of Brookfield -- -- X -- -- -- -- -- X
City of Muskego.. City of Muskego -- -- -- -- -- X -- -- X
City of New Berlin City of New Berlin -- -- X -- -- X -- -- X
Village of Butler ..... Village of Butler -- -- X -- -- -- -- -- X
Village of EIm Grove.... ... | Village of EIm Grove -- -- X -- -- -- -- -- X
Village of Menomonee Falls.............c.ccceeuvnene Village of Menomonee Falls -- -- X -- -- -- -- -- X

village of Lomira operates a sewage treatment plant which discharges into the Rock River watershed.

bOperates two sewage treatment plants discharging to Lake Michigan and trunk/interceptor sewer system.

CCity of Racine operates a sewage treatment plant discharging directly to Lake Michigan.

dVillage of Adell operates a sewage conveyance system which discharges into a regional sewage treatment plant that discharges into the Onion River Watershed.
€The Sand Drive Sanitary District in the Town of Trenton does not provide sanitary sewer service.

fCity of Brookfield operates a sewage treatment plant tributary to the Fox River and a sewage collection system serving portions of the Fox River and Menomonee River watershed, with the Menomonee River watershed
being tributary to the Milwaukee Metropolitan Sewerage District sewerage system.

9Small portion of collection system in the Menomonee River watershed.

Source: SEWRPC.












Table 16

MUNICIPAL WATER UTILITY FACILITIES WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Water Supply Source
Water Utility Facility Watershed Local Municipal
Lake Michigan
Kinnickinnic | Menomonee Milwaukee Oak Root Direct Drainage Lake
Name Class? River River River Creek | River Area Groundwater | Michigan | Other

Dodge County

Village of Lomira Municipal Water Utility ....................... D -- -- X -- -- -- X -- --
Fond du Lac County

Campbellsport Municipal Water Utility ............ccccoeeenne D -- -- X -- -- -- X -- --
Milwaukee County

Village of Brown Deer Public Water Utility ..................... AB -- -- X -- -- -- -- -- xb

City of Cudahy Water Utility ............ccceenee AB X -- -- X -- X -- X --

City of Franklin Water Utility C -- -- -- X X -- -- -- XC

Village of Fox Point Water Utility Cc -- -- X -- -- -- -- -- xd

City of Glendale Water Utility...........c..cc.cccoervevrerrrennnnn. AB -- -- X -- -- -- -- -- xd

Village of Greendale Water Utility...........ccceevivveeiinnenns AB -- X -- -- X -- -- -- xb

City of Milwaukee Water Works®............... AB X X X X X X -- X --

City of Oak Creek Water and Sewer Utility AB -- -- -- X X X -- X --

Village of Shorewood Municipal Water Utility ...... C -- -- X -- -- X -- -- xP

Village of Bayside (We Energies Water Services)f ........ N/A -- -- -- -- -- X -- -- xd

City of South Milwaukee Water Utility...........c.cccccuverennne AB -- -- -- X -- X -- X --

City of Wauwatosa Water Utility ............. AB -- X -- -- -- -- -- -- xb

City of West Allis Water Utility ... AB X -- X -- X -- -- -- xb

Village of West Milwaukee........... N/A X X -- -- -- -- -- -- xb

Village of Whitefish Bay Water Utility.................c.......... AB -- -- X - -- X -- -- xd
Ozaukee County

City of Cedarburg Light & Water Commission............... AB -- -- X -- -- -- X -- --

Village of Fredonia Municipal Water Utility ................... D -- -- X -- -- -- X -- --

Village of Grafton Water and

Wastewater COmMmMISSION ........cocuververnieenieiiee e C -- -- X -- -- -- X -- --
City of Mequon Water Utility
(We Energies Water Services)f .................................. D -- -- X -- -- X -- -- xb

Village of Saukville Municipal Water Utility .................... C -- -- X -- -- -- X -- --
Racine County

Town of Caledonia Water Utility District No. 19... C -- -- -- -- X X -- -- xh

City of Racine Water and Wastewater Utility ... AB -- -- -- -- X X -- X --

Village of Union Grove Municipal Water Utility .............. C -- -- -- -- X -- X -- --

Village of Wind Point Municipal Water Utility ................. D -- -- -- -- -- X -- -- xh

Town of Yorkville Water Utility District No. 1 D -- -- -- -- X -- X -- --

Caddy Vista Sanitary Districtd ............cccce..... D -- -- -- -- X -- -- -- X!

Crestview Sanitary DistrictJ ........ D -- -- -- -- -- X -- -- X!

North Park Sanitary District No. 1J..........cccoeveiurinnnn. (o4 -- -- -- -- X X -- -- xhii
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Table 16 (continued)

Water Supply Source
Water Utility Facility Watershed Local Municipal
Lake Michigan
Kinnickinnic | Menomonee Milwaukee Oak Root Direct Drainage Lake
Name Class& River River River Creek | River Area Groundwater | Michigan | Other
Sheboygan County
Village of Adell Water and Sewer Utility ............cccccueeene D -- -- X -- . -- X .- .-
Village of Cascade Water ULtility ...........cccccovveviinneviinnnnne D -- -- X -- -- -- X -- --
Village of Random Lake Municipal D -- -- X -- -- - X -- --
Water Department ..........cccceeeviiieiiiiieciiee e
Washington County
Village of Germantown Water Utility ...........cccoceeinineenne AB -- X -- -- -- . X .- .-
Village of Jackson Water Utility ..........ccocovvvveniiniicnncnnns C -- -- X -- -- -- X -- --
Village of Kewaskum Municipal Water Utility.................. C -- -- X -- -- -- X -- --
City of West Bend Water ULility.........ccccoocveeniiiieniienenns AB -- -- X -- -- -- X - .-
Waukesha County
City of Brookfield Municipal Water Utility ........................ AB -- X -- -- -- -- X -- --
Village of Butler Public Water Utility .......... C -- X -- -- -- -- - -- xb
Village of Menomonee Falls Water Utility .. . AB -- X -- -- -- -- -- - xb
City of Muskego Public Water Utility ............cccceeiniiernnns C -- -- -- -- X -- X .- .-
City of New Berlin Water Utility.........cccccoeevveviiiresiienenns AB -- X -- -- X -- X -- xP

aThe municipal water and combined water and sewer utilities are based upon the number of customers as follows: Class AB — four thousand or more customers; Class C — From one thousand
to less than four thousand customers; and Class D — Less than one thousand customers.

bCity of Milwaukee Water Works.

CCity of Milwaukee Water Works and City of Oak Creek Water and Sewer Utility.

dNorth Shore Water Utility.

€Pprovides retail water supply services to the Cities of Greenfield and Saint Francis, a portion of the City of Franklin and Village of Hales Corners.

fThe we Energies Water Services, a private water utility, provides water supply service to portions of the Village of Bayside and the City of Mequon.

9The Caledonia West Utility District, incorporating the Town of Caledonia Water Utility District No. 1 and the Caddy Vista Sanitary District, was formed in 2007.
hCity of Racine Water and Wastewater Utility.

iCity of Oak Creek Water and Sewer Utility.

IThe caledonia East Utility District, incorporating the Crestview Sanitary District and the North Park Sanitary District No. 1, was formed in 2007.

Source: Public Service Commission of Wisconsin and SEWRPC.



source of supply and those systems which utilize groundwater as a source of supply. In addition, all of the study
area private water supply systems utilize groundwater as a source of supply.

The entire study area is located within the Great Lakes-St. Lawrence drainage basin. Thus, the use of Lake
Michigan as a source of water supply is not a limitation from regulatory and policy considerations. However,
given the distance from Lake Michigan and the availability of groundwater resources, much of the study area is
expected to continue to rely upon groundwater as a source of supply. Tables 17 and 18 illustrate the water uses
and sources of supply for the nine counties within, or partially within, the study area. As can be seen by review of
Table 17, the highest use of water within the counties located within, or partially within, the study area is for
electric power generation, comprising about 87 percent of the usage. Most of the water used for electric power
generation is returned to Lake Michigan following use. As shown in Table 18, about 77 and 96 percent of the
public water supplies and total water supplies, respectively, within the counties involved, is obtained from Lake
Michigan and 23 and 4 percent of the public water supplies and total water supplies, respectively, is obtained
from groundwater.

Municipal Stormwater Management Systems

Municipal stormwater management systems are comprised of facilities that function to provide stormwater
drainage and control of nonpoint source pollution. The facilities that perform those two functions generally work
as part of an integrated system which incorporates the streams, lakes, ponds, and wetlands of the study area.
Components of a stormwater management system may include subsurface pipes and appurtenant inlets and
outlets, streams and engineered open channels, detention basins, retention basins, pumping facilities, infiltration
facilities, constructed wetlands for treatment of runoff, and proprietary treatment devices based on settling
processes and control of oil and grease.

Within the study area, the urban portions of the communities indicated on Map 10 are served by engineered
stormwater management systems.

In Wisconsin, the U.S. Environmental Protection Agency (USEPA) has designated the WDNR as the
administering authority for the program to regulate stormwater discharges as required under the Federal Clean
Water Act. In that respect, the WDNR administers the Wisconsin Pollutant Discharge Elimination System
(WPDES) for permitting of stormwater discharges. Under that program discharge permits have been issued to the
units of government listed in Table 19.

In order to establish a reliable funding source to meet the requirements of their stormwater discharge permits,
several communities in the study area have established stormwater utilities. Those communities are indicated on
Map 10. In addition, each of the communities within the MMSD service area, with the exception of the Village of
West Milwaukee,? and all of the communities with WPDES stormwater discharge permits have a stormwater
management ordinance and/or plan and a construction erosion control ordinance. Those communities and several
additional ones with ordinances and/or plans are indicated on Map 10.

Solid Waste Disposal Facilities

Landfilling and recycling are the primary methods of managing solid wastes generated in the regional water
guality management plan update study area. As shown in Table 20, as of 2005, there were six active, licensed,
privately owned and operated solid waste landfills within or adjacent to the study area. Four of these, the Kestrel
Hawk Park Landfill within the City of Racine, the Metro Landfill and Development within the City of Franklin,
the Onyx Emerald Park within the City of Muskego, and the WMW!I Orchard Ridge Landfill within the Village of
Menomonee Falls accept municipal wastes. These four facilities also accept a variety of other types of solid

’The Village of West Milwaukee does have a construction erosion control ordinance. It is anticipated that the
Village will adopt a stormwater management ordinance to fulfill the conditions of their stormwater discharge
permit.
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Table 17

ESTIMATED USE OF WATER WITHIN THE COUNTIES LOCATED WITHIN, OR PARTIALLY
WITHIN, THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA
(IN MILLION GALLONS PER DAY)&

Public Use

County Domestic Agricultural Irrigation Industrial Commercial | Thermoelectric and Losses Total
Dodge.....ccccoeuveenen. 4.03 2.90 0.16 4.06 1.34 0.00 1.76 14.25
Fond du Lac. 6.06 211 0.15 4.82 2.56 22.33 3.37 41.39
Kenosha...... 7.02 0.18 0.25 4.44 2.95 15.21 3.89 33.94
Milwaukee ... 54.06 0.01 0.81 57.92 33.14 1,867.56 43.60 2,057.10
Ozaukee ... 4.11 0.32 0.51 1.88 1.08 118.78 1.42 128.09
Racine...... 13.00 1.80 2.16 10.82 5.22 0.00 6.87 39.86
Sheboygan .. 8.12 2.02 0.40 6.21 3.75 487.55 4.94 512.99
Washington.. 5.64 0.62 0.31 2.55 1.84 2.89 2.42 16.26
Waukesha .............. 14.12 0.27 2.68 9.10 5.07 0.00 6.67 37.90
Total 116.16 10.23 7.43 101.80 56.95 2,514.32 74.94 2,881.78
Percent of Total 4.03 0.35 0.26 3.53 1.98 87.25 2.60 100.00

@Includes all water use for the entire counties, including those only partially within the study area.
Source: B.R. Ellefson, G.D. Mueller, and C.A. Buchwald, U.S. Geological Survey, “Water Use in Wisconsin, 2000.”
Table 18
ESTIMATED SOURCE OF WATER SUPPLY WITHIN THE COUNTIES LOCATED IN THE
REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA
(IN MILLION GALLONS PER DAY)&
Public Water Supply Useb Total Water Use
County Surface Water Groundwater Total Surface Water Groundwater Total

Dodge......ccevvevriiieien, 0.00 7.04 7.04 0.30 13.95 14.25

Fond du Lac.................. 0.00 13.47 13.47 22.52 18.87 41.39

Kenosha ........ccccceeeeunen. 15.47 0.08 15.55 31.25 2.69 33.94

Milwaukee ............coc..... 173.65 0.75 174.40 2,050.78 6.32 2,057.10

Ozaukee.......ccceeveeennns 1.43 4.24 5.67 120.29 7.80 128.09

Racine ... 23.72 3.75 27.47 26.23 13.63 39.86

Sheboygan ............cc.c... 15.50 4.26 19.76 503.56 9.43 512.99

Washington................... 0.00 9.67 9.67 2.96 13.30 16.26

Waukesha .................... 0.00 26.67 26.67 0.34 37.56 37.90

Total 229.77 69.93 299.70 2,758.23 123.55 2,881.78

Percent of Total 76.70 23.30 100.00 95.71 4.29 100.00

3ncludes all water use for the entire counties, including those only partially within the study area.

bInt:ludes water delivered to residents, industry, and commerce within the served area.

Source: B.R. Ellefson, G.D. Mueller, and C.A. Buchwald, U.S. Geological Survey, “Water Use in Wisconsin, 2000.”

wastes as indicated in Table 20. As of January 2004, these four sites had slightly over 16 million cubic yards of
capacity remaining. The estimated remaining lives of these sites range from two to seven years. In addition to
these facilities, one active landfill within the Village of Caledonia is licensed to accept fly ash and another active
landfill within the City of South Milwaukee is licensed to accept foundry wastes. The locations of the solid waste
disposal sites within and near the study area are shown on Map 11. An inventory of all of the landfills in the study
area, including both active and inactive sites, is included in a technical report which supplements this planning

report. That information is summarized in Chapter IV of this report.

NATURAL RESOURCES AND ENVIRONMENTAL FEATURES OF THE STUDY AREA

The natural resource base is an important determinant of the development potential of a watershed-based water
resources planning area and of its ability to provide a pleasant and habitable environment for all forms of life. The
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Table 19

COMMUNITIES IN THE REGIONAL
WATER QUALITY MANAGEMENT PLAN UPDATE
STUDY AREA THAT HAVE STATE OF WISCONSIN

WPDES STORMWATER DISCHARGE PERMITS

Grafton Group
Village of Grafton
Town of Grafton

Menomonee River Watershed Group
City of Brookfield
City of Greenfield
City of Wauwatosa
Village of Butler
Village of EIm Grove
Village of Germantown
Village of Menomonee Falls
Village of West Milwaukee

Mequon/Thiensville Group
City of Mequon
Village of Thiensville

North Shore Group
City of Glendale
Village of Bayside
Village of Brown Deer
Village of Fox Point
Village of River Hills
Village of Shorewood
Village of Whitefish Bay

Root River Watershed Group
City of Franklin
City of New Berlin
City of Racine
Village of Caledonia
Village of Greendale
Village of Hales Corners
Village of Mt. Pleasant

Upper Fox River Watershed Group?
Town of Brookfield
Town of Lisbon

Communities and Districts that Applied Individually
City of Cedarburg
City of Cudahy
City of Milwaukee
City of Oak Creek
City of St. Francis
City of South Milwaukee
City of West Allis

Southeast Wisconsin Professional Baseball District

@Most of the land area of these communities is in the Upper Fox
River watershed, but a part is in the Menomonee River watershed
in the regional water quality management plan update study area.

Source: Wisconsin Department of Natural Resources and
SEWRPC.

principal elements of the natural resource base which
are important considerations inthe regional water
quality management plan update planning program
are climate, physiography, air quality, soils, vegeta-
tion, water resources, fish and wildlife resources, and
environmentally sensitive areas. Without a proper
understanding and recognition of the elements com-
prising the natural resource base and their inter-
relationships, human use and alteration of the natural
environment proceed at the risk of excessive costs in
terms of both monetary expenditures and destruction
of nonrenewable or slowly renewable resources.
Given the location of the regional water quality
management plan update study area in a rapidly
urbanizing region, it is especially important that the
natural resource base be a significant consideration in
the water quality management planning effort, since
the areawide diffusion of urban land uses makes the
underlying and sustaining resource base highly
vulnerable to misuse and destruction.

Accordingly, the spatial distribution, extent, and
quality of the natural resources of the study area
pertinent to the planning effort are described in this
report. While the most pertinent components of the
natural resource base are described in this chapter,
some are considered in more detail in later chapters of
this report or in the accompanying technical report.®
For example, this chapter provides an overview of the
surface water resources of the watershed, while the
findings of a more detailed evaluation of the surface
water quality conditions and sources of pollution are
described in Chapters 11l and IV of this report and in
the accompanying technical report.*

Climate

General Climatic Conditions

The mid-continental location of the regional water
quality management plan update study area, far
removed from the moderating effect of the oceans,
gives the study area a typical continental climate,
characterized primarily by a continuous progression
of markedly different seasons and a large range in
annual temperature. Low temperatures during winter
are intensified by prevailing frigid northwesterly
winds, while summer high temperatures are rein-
forced by the warm southwesterly winds common
during that season.

3SEWRPC Technical Report No. 39, Water Quality Conditions and Sources of Pollution in the Greater Milwaukee

Watersheds, November 2007.
“Ibid.
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Table 20

SOLID WASTE LANDFILLS LICENSED FOR YEAR 20052 WITHIN AND ADJACENT
TO THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

WDNR Capacity As of Estimated
Number License January 2004 Site Life Categories of
on Map 11 Facility Name Number Civil Division (cubic yards) (years) Waste Accepted
1 Falk Corporation Landfill 1882 City of South Milwaukee 95,557 7 4
2 Kestrel Hawk Landfill 572 City of Racine 4,077,890 6 1,6,21, 22,23
3 Metro Landfill and 1099 City of Franklin 3,629,000 4 1, 4,5, 6, 19, 21, 23
Development
4 Onyx Emerald Park Landfill 3290 City of Muskego 7,319,503 7 1,6, 19, 21, 22, 23
WMWI Orchard Ridge 3360 Village of Menomonee Falls 1,220,794 2¢ 1,3,4,5,6,21,23
Recycling and Disposal
6 WEPCo Caledonia Landfill 3232 Village of Caledonia 2,627,084 66 2

AThe license period runs from October 1, 2004 to September 30, 2005.

PThe waste categories are as follows:

1-Municipal Waste 19-Fee Exempt Waste Used for Dikes, Berms, etc.
2-Utility Ash and Sludge 20-Energy Recovery Incinerator Ash

3-Pulp and Paper Mill Manufacturing Wastes 21-High-Volume Industrial Waste Used for Daily Cover
4-Foundry Wastes 22-Shredder Fluff Used for Daily Cover

5-Publicly Owned Treatment Works Sludge 23-Treated Contaminated Soil Used for Daily Cover

6-All Other Solid Waste, Excluding Hazardous Wastes

CDuring 2004, an expansion to the Orchard Ridge Recycling and Disposal facility was approved. The expansion provides for an additional capacity of
10,900,000 cubic yards and extends the site life by approximately 10.5 years. This facility is located immediately in the vicinity of three inactive landfills:
the Omega Hills North landfill in the Village of Germantown and the Boundary Road and Parkview landfills in the Village of Menomonee Falls.

Source: Wisconsin Department of Natural Resources and SEWRPC.

The study area is positioned astride cyclonic storm tracks along which low-pressure centers move from the west
and southwest and also lies in the path of high-pressure centers moving in a generally southeasterly direction.
This location at the confluence of major migratory air masses results in the watersheds generally being influenced
by a continuously changing pattern of different air masses, which results in frequent weather changes being
superimposed on the large annual range in weather characteristics, particularly in winter and spring, when distinct
weather changes normally occur every three to five days. These temporal weather changes consist of marked
variations in temperature, type and amount of precipitation, relative humidity, wind speed and direction, and
cloud cover.

In addition to these distinct temporal variations in weather, the study area exhibits spatial variations in weather
due primarily to its proximity to Lake Michigan, particularly during the spring, summer, and autumn seasons,
when the temperature differential between the lake water and the land air masses tends to be the greatest. During
these periods, the presence of the Lake tends to moderate the climate of the eastern portion of the study area.

Map 12 shows the location of several meteorological stations located in or near the study area, as well as the
availability of temperature and other meteorological data. These stations were used to construct a Thiessen
polygon network, which was used to associate land areas with specific meteorological data as input into the water
quality modeling. Table 21 provides data for meteorological stations for which records were used to characterize
the climatological and meteorological conditions in the study area as presented in the following paragraphs.

Climate Change

Changes in climate over the last century, attributed to both natural and anthropogenic influences, have been
extensively studied in recent years. The most significant indicator of climate change presented in the scientific
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Table 21

SELECTED NATIONAL WEATHER SERVICE METEOROLOGICAL STATIONS WITHIN AND
NEAR THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Station Location
National
Weather
Service Year
Name Number County Civil Division Current Location Operation Began Data Recorded
Germantown@ 3058 Washington | Germantown Waterworks Plant 1942 (NCDC- Daily precipitation,
climate data) daily temperature
MilwaukeeP 5479 Milwaukee Milwaukee General Mitchell 1925 (NCDC- Daily precipitation,
International climate data) daily temperature
Airport
Plymouth@ 6678 Sheboygan Plymouth Sewage treatment | 1908 (NCDC- Daily precipitation,
plant climate data) daily temperature
Port Washingtonb 6764 Ozaukee Port Washington | City of Port 1928 (NCDC- Daily precipitation,
Washington climate data) daily temperature
Racine® 6922 Racine Racine Sewage treatment | 1948 (NCDC- Daily precipitation,
plant climate data) daily temperature
Union GroveP 8723 Racine Union Grove Sewage treatment | 1939 (NCDC- Daily precipitation,
plant climate data) daily temperature
West Bend® 9050, 90530 Washington | West Bend West Bend fire 1948 (NCDC- Daily precipitation,
station climate data) daily temperature®

Astation used for data analysis.
bstation used for water quality modeling calibration and data analysis.
Cstation used for water quality modeling calibration.

dror the period from January 1948 through November 2003, data was obtained from station 9050 (private citizen observer). Data from
December 2003 to the present was obtained from station 9053 (West Bend fire station).

€Daily temperature observations ceased in December 2004.

Source: National Weather Service; National Climatic Data Center; and SEWRPC.

literature is an increase in mean annual air temperature over the last century.” That change has influenced other
climatological parameters, hydrology, water quality, and natural ecosystems. Considerable effort has also been
directed toward applying computer models to predict future climate change based on different assumptions
regarding natural and anthropogenic influences on climate. Such climate change modeling is generally
accomplished at a global scale, and it is not directly applicable to more-localized areas such as the regional water
quality management plan study area.

The calibration and validation of the continuous simulation water quality model that was developed for the
regional water quality management plan update were based on simulation of hydrologic conditions using
meteorological data for the time period from 1994 through 2001 and the alternative plans were developed based
on simulation of the period from 1988 through 1997, during which rainfall characteristics were consistent with the
long-term mean. Those simulations were made to develop streamflow, nonpoint source pollutant loads, and
instream concentrations of pollutants from both point and nonpoint sources.

Streamflow is a major, climate-related influence on washoff of nonpoint source pollutants and a determinant of
instream concentrations. A recent study of streamflow trends in the United States, prepared by the U.S.
Geological Survey (USGS) under its National Streamflow Information Program and summarized in a USGS fact

°Great Lakes Water Quality Board of the International Joint Commission, Climate Change and Water Quality in
the Great Lakes Basin,” August 2003, www.ijc.org/php/publications/html/climate/.
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sheet® indicates increasing trends in annual minimum, annual median, and annual maximum streamflows at 435
stream gages that are part of the USGS national Hydroclimatic Data Network (HCDN). The gages of the HCDN
have been identified as gages where the main influence on streamflows is climatic variations, thus, they are
suitable for the study of long-term climate change. The USGS study fact sheet states that “the observed trends ...
appear to have occurred around 1970 as an abrupt rather than gradual change.” The simulation periods applied for
the regional water quality management plan update are both after 1970, indicating that they should adequately
reflect the climate conditions subsequent to the abrupt change in streamflows identified by the USGS.

The effects of climate change over the planning period, which extends to the year 2020, cannot be explicitly
evaluated in the context of the water quality model. However, model input parameters approximate the current
state of the climate and they are considered to adequately represent the anticipated climate regime over the
relatively short planning period.

Temperature

Temperatures, which exhibit a large annual range, are relevant to watershed-based water resource planning.
Seasonal temperatures determine the kinds and intensities of the recreational uses for which surface waters and
adjacent riverine lands may be used and, consequently, the periods over which the highest levels of water quality
should be maintained. More importantly, aerobic and anaerobic biochemical processes fundamental to the self-
purification of streams are temperature-dependent, since reaction rates approximately double with each rise of 20
degrees Fahrenheit (°F) in temperature within the temperature range normally encountered in nature. The supply
of oxygen available for such processes is a function of oxygen solubility in water or the maximum concentration
of oxygen that can be retained in solution, which is also highly dependent on temperature. For example, a stream
at or near freezing temperatures can hold about 15 milligrams per liter (mg/l) of dissolved oxygen, but the
capacity is reduced by almost one-half at 80°F. The summer period is therefore critical and limiting in both
natural and artificially induced aerobic processes, since oxygen demands are at their annual maximum because of
accelerated reaction rates while the oxygen supply is at its annual minimum because of solubility limitations
associated with high temperatures.

Data for selected air temperature observation stations in and near the study area are presented in Table 22. The air
temperature and precipitation data used to develop the related tables and figures presented in this and subsequent
sections of this chapter are for periods encompassing the 54 years from 1950 to 2003. The temperature data
illustrate how air temperatures in the study area lag approximately one month behind the summer and winter
solstices during the annual cycle, with the result that July is the warmest month in the study area and January the
coldest. In addition, the effects of Lake Michigan are seen when comparisons are made between inland and
lakeshore observations stations that have the same latitude.’

Summer air temperatures throughout the study area as reflected by monthly means at these five stations for July
and August, range from 68.3°F to 70.9°F. Average daily maximum temperatures within the study area for these
two months range from 73.5°F to 76.6°F, average daily minimum temperatures vary from 60.3°F to 66.2°F. With
respect to minimum daily temperatures, the meteorological network is not sufficiently dense to reflect the effects
of topography. During nighttime hours, cold air, because of its greater density, flows into low-lying areas.
Because of this phenomenon, the average daily minimum temperatures in these topographically low areas will be
lower than those recorded by the meteorological stations, particularly during the summer months.

Winter temperatures in the study area, as measured by monthly means for January and February at the five
selected meteorological stations, range from 17.6°F to 24.4°F. Average daily maximum temperatures within the
study area for these two months vary from 27.8°F to 35.0°F, whereas average daily minimum temperatures range
from 3.1°F to 14.9°F.

u.S. Geological Survey, “Streamflow Trends in the United States,” Fact Sheet 2005-3017, March 2005.

’SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002.
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Table 22

AIR TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS WITHIN AND NEAR
THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1950-2003

Observation Station
Plymouth Port Washington Germantown
Average Average Average Average Average Average
Daily Daily Daily Daily Daily Daily
Month Maximum Minimum?& MeanP Maximum Minimum?& MeanP® Maximum?@ Minimum?& MeanP
January................. 29.4 5.9 17.9 30.1 6.3 19.5 27.8 3.1 17.6
February .... 31.5 13.6 22.0 334 14.1 235 32.7 11.6 22.4
March ... 40.1 22.3 31.3 39.1 23.3 31.9 40.6 21.7 31.7
April ... 50.4 37.2 44.2 51.4 37.9 43.0 50.1 37.9 44.4
May.... 62.7 48.7 55.3 59.4 47.1 53.2 61.8 48.5 55.1
June... 71.0 58.7 65.2 69.2 58.0 62.9 69.8 58.9 64.7
July......... 74.9 64.2 70.1 75.2 64.9 69.0 74.5 63.9 69.4
August ....... 74.0 63.3 68.5 735 62.9 68.3 74.1 60.3 67.9
September. 65.2 55.0 60.4 65.9 56.4 60.7 64.5 51.6 59.9
October...... 58.2 44.1 49.3 57.9 44.1 49.8 58.0 42.2 48.9
November .. 44.2 26.9 35.8 45.8 25.8 36.8 45.6 27.3 35.7
December............. 31.7 12.4 235 32.6 13.6 249 31.3 10.8 23.5
Year 52.8 37.7 45.3 52.8 37.9 44.8 52.6 36.5 45.1
Observation Station
Milwaukee® Union Grove Study Area Summary
Average Average Average Average Average Average
Daily Daily Daily Daily Daily Daily
Month Maximum® | Minimum?& MeanP Maximum Minimum?& MeanP Maximum?@ Minimum?& MeanP
January...... 30.8 7.9 20.2 28.9 5.9 19.6 294 5.8 19.0
February 34.3 14.9 24.4 35.0 14.8 24.0 334 13.8 23.2
March .... 41.5 21.3 33.1 41.6 24.9 33.6 40.6 22.7 32.3
April ... 50.4 375 44.6 52.1 37.0 455 50.9 37.5 44.3
May.... 62.8 49.1 549 63.9 50.6 56.2 62.1 48.8 54.9
June... 71.8 58.5 65.3 69.9 60.4 66.1 70.3 58.9 64.8
July........ 76.3 66.2 70.9 76.7 65.9 71.2 75.5 65.0 70.1
August........ 75.8 65.2 69.7 76.4 62.9 69.4 74.8 62.9 68.8
September. 67.2 57.5 61.9 69.2 55.5 61.8 66.4 55.2 61.0
October...... 58.1 39.4 50.5 60.5 44.0 50.6 58.5 42.7 49.8
November .. 47.2 29.0 36.9 45.2 28.9 37.2 45.6 27.6 36.5
December............. 34.1 12.8 25.3 33.6 13.3 25.2 32.7 12.6 245
Year 54.2 38.3 46.6 54.4 38.7 46.7 53.3 37.8 45.7

8The monthly average daily maximum temperature and the monthly average daily minimum temperature are obtained by using daily measurements to compile an
average for each month.

PThe mean monthly temperature is the average of the average daily maximum temperatures and average daily minimum temperatures for each month.
CGeneral Mitchell International Airport.

Source: National Climate Data Center; Wisconsin State Climatologist; and SEWRPC.

Extreme high and low temperatures for the watershed, based on 40 years of data recorded at Milwaukee General
Mitchell International Airport, located within the study area, range from a high of 105°F to a low of -26°F. The
growing season, which is defined as the number of days between the last 32°F frost in spring and the first freeze
in autumn, normally begins in late April and ends in late October.

Precipitation

Precipitation within the watershed takes the form of rain, sleet, hail, and snow, ranging from gentle showers of
trace quantities to destructive thunderstorms and major rainfall-snowmelt events, which may cause property
damage, the inundation of poorly drained areas, and stream flooding. Rainfall events may also cause sanitary
sewerage systems to surcharge and back up into basements and overflow into surface watercourses. Surcharging
of sanitary sewerage systems is caused by the entry of excessive quantities of rain, snowmelt, and groundwater
into sanitary sewers via manholes, building sewers, building downspouts, and foundation drain connections and
by infiltration through faulty sewer pipe joints, manhole structures, and cracked pipes.
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Total precipitation data for the Germantown, Milwaukee, Plymouth, Port Washington, and Union Grove,
observation stations are presented in Table 23. Monthly total precipitation observations are presented graphically
in Figure 3. The table and figure illustrate the amount of precipitation that normally occurs within and near the
study area.

The average annual total precipitation in the study area and immediate surroundings, based on data from the five
stations, is 32.20 inches, expressed as water equivalent. Average total monthly precipitation for the study area,
based on data for the three weather stations, ranges from a low of 1.22 inches in February to a high of 3.77 inches
in August.

During the 54-year period examined, annual precipitation within the study area and the immediate surroundings
has varied from a low of approximately 21 inches, or about 65 percent of the area average, to a high of
approximately 41 inches, or about 27 percent above the average. The maximum monthly precipitation recorded at
the five stations is 18.33 inches, recorded at Port Washington in June 1996.

Snow Cover

The likelihood of snow cover and the depth of snow on the ground are important factors influencing the planning,
design, construction, and maintenance of public utilities. Snow cover, particularly early in the winter season,
significantly influences the depth and duration of frozen ground, which, in turn, affects engineered works
involving excavation and underground construction. Accumulated snow depth at a particular time and place is
primarily dependent on antecedent snowfall, rainfall, and temperature characteristics and the amount of solar
radiation. Rainfall is relatively unimportant as a melting agent but, because of compaction effects, can
significantly affect the depth of snow cover on the ground.

Table 24 indicates the snow cover probabilities at Milwaukee as measured during the 94-year period from 1900
through 1993. It should be emphasized that the tabulated data pertain to snow depth on the ground as measured at
the place and time of observation, but are not a direct measure of average snowfall. Recognizing that snowfall and
temperatures, and therefore snow accumulation on the ground, vary spatially within the study area, the data
presented in Table 24 should be considered only as an approximation of conditions throughout the study area. As
indicated by the data, snow cover is most likely during the months of December, January, and February, when
there is at least a 0.39 probability of having one inch or more of snow cover in Milwaukee. Furthermore, during
January and early February, there is at least a 0.31 probability of having five or more inches of snow on the
ground. During early March, the time during which severe spring snowmelt-rainfall flood events are most likely
to occur, there is at least a 0.31 probability of having one inch or more of snow on the ground.

By using Table 24, the probability that a given snow cover will exist or be exceeded at any given time can be
estimated; thus, the data in the table can be useful in planning winter outdoor work and construction activities and
in estimating runoff for hydrologic purposes. There is, for example, only a 0.18 probability of having one inch or
more of snow cover on November 30 of any year, whereas there is a much higher probability, 0.63, of having that
much snow cover on January 15.

Frost Depth

The terms “ground frost” or “frozen ground” refer to that condition in which the ground contains variable
amounts of water in the form of ice. Frost influences hydrologic processes, particularly the proportion of rainfall
or snowmelt that will run off the land directly to sewerage or stormwater systems and to surface watercourses in
contrast to that which will enter and be temporarily detained in the soil. Anticipated frost conditions influence the
design of engineered works in that structures and facilities are designed either to prevent the accumulation of
water and, therefore, the formation of damaging frost, as in the case of pavements and retaining walls, or to be
partially or completely located below the frost-susceptible zone in the soil, as in the case of foundations and water
mains. For example, in order to avoid or minimize the danger of structural damage, foundation footings must be
placed at a depth sufficient in the ground to be below that zone in which the soil may be expected to contract,
expand, or shift as a result of frost actions. The design and construction of sanitary sewers are based on similar
considerations.
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Table 23

AVERAGE MONTHLY PRECIPITATION FROM SELECTED METEOROLOGICAL STATIONS WITHIN
AND NEAR THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1950-2003

Average Monthly Precipitation (inches)
Port
Month Plymouth Washington Germantown Milwaukee® Union Grove Averageb
January ............ 1.35 1.45 1.26 1.70 1.36 1.42
February .......... 1.27 1.15 1.09 1.47 1.15 1.22
March............... 2.16 1.86 1.81 2.38 2.01 2.04
April....cooiinen. 3.37 3.18 3.11 3.45 3.46 3.31
May......ccoeenee 3.46 2.99 3.01 2.93 3.19 3.12
June.........oceee. 3.68 3.49 3.66 3.57 3.91 3.66
July .o, 3.75 3.63 3.79 3.61 3.78 3.71
August.............. 3.92 3.62 3.79 3.56 3.99 3.77
September ....... 3.76 3.37 3.39 3.03 3.21 3.35
October-............ 2.77 2.34 2.43 2.39 241 2.47
November ........ 2.64 2.17 2.27 2.37 2.38 2.36
December ........ 1.84 1.69 1.52 1.99 1.70 1.75
Annual Total 33.97 30.93 31.12 32.45 32.54 32.20

8General Mitchell International Airport.
PThis represents the mean based on data from these five observation stations.

Source: National Climatic Data Center; Wisconsin State Climatologist; and SEWRPC.

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

Data on frost conditions for the Region are available on a semimonthly basis, from late November through mid-
April, as shown in Table 25, and are based upon data for a 33-year period of record extending from 1961 through
1993. These data are provided for representative locations on a semimonthly basis by funeral directors and
cemetery officials. Since cemetery soils are normally overlaid by an insulating layer of turf, the frost depths
shown in Table 25 should be considered minimum values. Frost depths in excess of four feet have been observed
in Southeastern Wisconsin. During the period in which frost depth observations have been made in Southeastern
Wisconsin, one of the deepest regionwide frost penetrations occurred in early March 1963, when 25 to 30 inches
of frost depth occurred throughout the Region. Even deeper frost depths, over 36 inches, were observed through-
out the Region in January and February 1977. The Milwaukee and West Allis City Engineers reported over five
feet of frost beneath some city streets in January and February 1977.

The data indicate that frozen ground is likely to exist throughout the study area for approximately four months
each winter season, extending from late November through March, with more than 10 inches of frost normally
occurring during January, February, and the first half of March. Historical data indicate that the most severe frost
conditions normally occur in February, when 14 or more inches of frost depth may be expected.
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Figure 3

PRECIPITATION CHARACTERISTICS AT SELECTED LOCATIONS WITHIN OR NEAR THE
REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1950-2003
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Source: National Climatic Data Center, Wisconsin State Climatologist, and SEWRPC.

Evaporation

Evaporation is the natural process in which water is transformed from the liquid or solid state to the vaporous
state and returned to the atmosphere. Total evaporation includes evaporation from water and snow surfaces and
directly from the soil and also includes evaporation of precipitation intercepted on, or transpired by, vegetation.
The magnitude of, and annual variation in, evaporation from water surfaces and the relation of the evaporation to
precipitation are important because of the key role of this process in the hydrologic cycle of a watershed.

On the basis of the limited pan evaporation data available, pan evaporation for the study area averages about 29
inches annually, somewhat less than the total annual evaporation. During the period from May through October,
the total average pan evaporation of about 24 inches exceeds precipitation. However, pan evaporation is not
indicative of total evaporation in the study area, in part, because, the area of surface waters in the study area is
much smaller than the total area of the study area. In addition, pan evaporation has been found to typically be
40 percent higher than actual evaporation from reservoirs.2 On an annual basis, reservoir evaporation typically
equals 0.7 times pan evaporation, and the multiplier varies substantially on a month-to-month basis. Thus, in the
modeling, potential evapotranspiration estimated from other meteorological variables is used to compute the
water balance.

SR.K. Linsley, Jr., M.A. Kohler, and J.L.H. Paulhus, Hydrology for Engineers, 1982.
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Table 24

SNOW COVER PROBABILITIES AT MILWAUKEE BASED ON DATA FOR 1900-1993

Show Cover?
1.0 inch or more 5.0 inches or more 10.0 inches or more 15.0 inches or more Average (inches)
Month Number of Probability of Number of Probability of Number of Probability of Number of Probability of Per
and Day Occurrences Occurrences® | Occurrences Occurrences® | Occurrences Occurrences® | Occurrences Occurrences® Occurrenced Overall®
November 15 5 0.06 0 0.00 0 0.00 0 0.00 1.3 0.1
November 30 16 0.18 2 0.02 1 0.01 0 0.00 2.9 0.5
December 15 41 0.46 14 0.16 0 0.00 0 0.00 35 15
December 31 48 0.51 14 0.15 2 0.02 0 0.00 3.6 1.9
January 15 59 0.63 30 0.31 6 0.07 4 0.04 5.6 3.3
January 31 64 0.68 30 0.34 13 0.15 5 0.06 6.3 4.3
February 15 63 0.68 33 0.37 12 0.13 5 0.06 6.2 4.1
February 28 37 0.39 12 0.13 4 0.04 1 0.01 4.4 1.2
March 15 29 0.31 9 0.10 4 0.04 0 0.00 3.8 1.2
March 31 8 0.09 1 0.01 1 0.01 0 0.00 2.7 0.2

AData pertain to snow depth on the ground as it was measured at the time and place of observation and are not direct measures of average snowfall.
PNumber of occurrences is the number of times during the period of record when measurements revealed that the indicated snow depth was reached or exceeded on the indicated date.

CProbability of occurrence for a given snow depth and date is computed by dividing the number of occurrences by 94, the number of years recorded, and is defined as the probability that the
indicated snow cover will be reached or exceeded on the indicated date.

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

€0verall average snow cover is defined as the sum of all snow cover measurements in inches for the indicated date divided by 94, that is, the number of observation times.

Source: U.S. Department of Commerce, National Climatic Data Center; Wisconsin Statistical Reporting Service; and SEWRPC.



Table 25

AVERAGE FROST DEPTHS IN SOUTHEASTERN
WISCONSIN: LATE NOVEMBER TO MID-APRIL

Nominal Frost Depth
Month and Day (inches)@
November 30 .........ccccceeee.. 1.0
December 15 ............cco...... 3.6
December 31 ........ccceeeee.. 6.4
January 15......ccccceeviiinnnnn. 10.2
January 31 ......ccccvvvvivininnnns 12.7
February 15.........ccccvveeennn. 145
February 28.........cccccvveeee. 145
March 15......cccciiiiiiennnnn, 125
March 31.....cccooviiiiiiennenn, 7.3
APl 1-15 oo, 5.20

8Based on 1961-1993 frost-depth data for cemeteries as
reported by funeral directors and cemetery officials. Since
cemeteries have soils that are overlaid by an insulating
layer of turf, the frost depths should be considered minimum
values.

bAverage depth from April 1 through April 15.
Source: Wisconsin Agricultural Reporting Service, Snow

and Frost in Wisconsin, October 1978 and
November 1979; Wisconsin Agricultural Statistics

Wind

Over the seasons of the year, prevailing winds in the
regional water quality management plan update study
area follow a clockwise directional pattern, north-
westerly in the late autumn and winter, northeasterly
in the spring, and southwesterly in the summer and
early autumn. Based on data from Milwaukee, wind
velocities in the study area may be expected to be less
than five miles per hour about 6 percent of the time,
between five and 12 miles per hour about 52 percent
of the time, and in excess of 12 miles per hour about
42 percent of the time. The highest average wind
velocities occur during March and April, the lowest
annual wind velocities occur during August. During
any month, peak gusts in excess of 40 miles per hour
may be expected.

Daylight and Sky Cover

The annual variation in the time of sunrise and sunset
and the daily hours of sunlight for the watersheds are
presented in Figure 4. The data shown in the figure
are from the southern portion of the study area. Time
of sunrise and sunset and the daily hours of sunlight
do vary with latitude; however, the greatest difference
in day length between the southern and northern

Service 1994; and SEWRPC. extremes of the study area that occurs during the year
is about seven minutes. Given this, the data in
Figure 4 can be considered representative of the entire
study area. Information on expected sky cover in the
form of the expected percentage of clear, partly cloudy, and cloudy days each month is summarized in Figure 5.
These daylight and sky-cover data are useful in planning outdoor construction and maintenance work and in
analyzing and explaining diurnal changes in observed surface water quality. For example, marked changes in
measured stream dissolved oxygen levels are normally correlated with the transition from daytime to nighttime
conditions, when photosynthetic oxygen production by algae and aquatic plants is replaced by oxygen utilization
through respiration by those plants. As illustrated in Figure 4, the duration of daylight ranges from a minimum of
9.0 hours on about December 22, at the winter solstice, to a maximum of 15.4 hours on about June 21, at the
summer solstice.

Mean monthly sky cover between sunrise and sunset varies somewhat during the year. The smallest amount of
daytime sky cover may be expected to occur during the four-month period from July through October, when the
mean monthly daytime sky cover is at, or slightly above, 0.5. Clouds or other obscuring phenomena are most
prevalent during the five months from November through March, when the mean monthly daytime sky cover is
about 0.6. Furthermore, during the summer months, as shown in Figure 5, about one-third of the days may be
expected to be categorized as clear, one-third as partly cloudy, and one-third as cloudy. Greater sky cover occurs
in the winter, however, when over one-half of the days are classified as cloudy, with the remainder being about
equally divided between “partly cloudy” and “clear” classifications.

Physiography and Topography

Glaciation has largely determined the physiography, topography, and soils within the regional water quality
management plan update study area. Physiographic features or surficial landforms within the study area have
resulted from the underlying bedrock and the overlying glacial deposits of the watershed. There is evidence of
several stages of glaciation in the study area, and the last and most influential in terms of present physiography
and topography was the Wisconsin stage which is believed to have ended approximately 11,000 years ago.

65



Figure 4

SUNSET, SUNRISE, AND DAY LENGTH IN THE REGIONAL
WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA
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Source: Adapted by SEWRPC from National Weather Service and U.S. Naval Observatory data.

The variation in elevation within the study area is shown on Map 13. Land slopes in the study area may be
classified into three major groups: slight (O to 6 percent), moderate (7 to 12 percent), and steep (greater than
12 percent). As shown on Map 14, approximately 81 percent of the study area is characterized as having slight
slopes, 12 percent as having moderate slopes, and 8 percent as having steep slopes (Table 26).

One of the dominant physiographic and topographic features within the study area is the Kettle Moraine, an
interlobate glacial deposit or moraine, formed between the Green Bay and Lake Michigan lobes of the continental
glacier that moved in a generally southerly direction from its origin in what is now Canada. The Kettle Moraine,
which is oriented in a general northeast-southwest direction across the northwestern portion of the study area, is a
complex system of hummocky sand and gravel. Some of its features include kames (crudely stratified conical
hills), kettles (holes that mark the site of buried glacial ice blocks that became separated form the ice mass and
melted to form depressions), eskers (long, narrow ridges of drift deposited in tunnels of ice), and abandoned
drainageways. It forms some of the most attractive and interesting landscapes within the study area, and is the
area of the highest elevation and the area of greatest local elevation difference, or relief. The Kettle Moraine
includes areas around Holy Hill in eastern Washington County that are the topographic high points within the
study area.
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Figure 5

AVERAGE MONTHLY SKY COVER AT GENERAL MITCHELL
INTERNATIONAL AIRPORT, MILWAUKEE, WISCONSIN: 1948-2003
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NOTE: Based on Milwaukee sky cover data. The monthly data are similar to those observed at Madison and Green Bay, which suggests
that there is very little variation in this monthly data for the larger geographic region relative to the regional water quality
management plan update study area, represented by these three national weather service stations. Therefore, the Milwaukee sky
cover data may be considered applicable to the study area. Sky cover consists of clouds or obscuring phenomena, and is expressed
in tenths. A day is classified as clear if the sky cover during the daylight period is 0-0.3, partly cloudy if the sky cover is 0.4-0.7, and
cloudy if the sky cover is 0.8-1.0. Monthly sky cover indicates, by month, the percentage of days that historically have been clear,
partly cloudy, or cloudy.

Source: National Climatic Data Center, Wisconsin State Climatologist, and SEWRPC.

The remainder of the study area is covered by a variety of glacial landforms and features, including rolling
landscapes of heterogeneous material deposited beneath the ice; terminal moraines, consisting of material
deposited at the forward margins of the ice sheet; lacustrine basins, which are former glacial lake sites; outwash
plains, formed by the action of flowing glacial meltwater; drumlins, elongated teardrop shaped mounds of glacial
deposits streamlined parallel to the flow of the glacier; and eskers.

Currently, natural surface drainage is poorly developed and very complex within the study area due to the effects
of the relatively recent glaciation. The land surface is complex as a result of being covered by glacial deposits,
containing thousands of closed depressions that range in size from potholes to large areas. Significant portions of
the study area are covered by wetlands and many streams are mere threads of water through these wetlands.

Air Quality

Air quality is an important determinant of the quality of life and the economy in the study area. In addition,
surface water quality can be directly or indirectly impacted by air quality. Because of these considerations, this
section of the report summarizes the current air quality conditions and programs most directly impacting the study
area. However, it should be recognized that air quality problem resolution is not being specifically addressed in
this planning program.

In accordance with the requirements of the Clean Air Act, the USEPA has set national ambient air quality
standards (NAAQS) for six criteria pollutants, including carbon monoxide (CO), lead (Pb), nitrogen dioxide
(NO2), particulate matter (PM), ozone (03), and sulfur dioxide (SO2), which are considered harmful to public
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Table 26

SOIL SLOPE CLASSIFICATIONS WITHIN THE REGIONAL WATER
QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2000

Watershed
Lake Michigan
Direct Drainage Kinnickinnic River Menomonee River Milwaukee River
Percent Percent Percent Percent
Category Acres of Total Acres of Total Acres of Total Acres of Total
Oto6 Percent......cccccoevvennnne 24,078 92.1 13,979 88.6 73,516 84.6 338,816 75.6
6to 12 Percent....... 1,027 3.9 1,796 11.4 12,105 13.9 56,560 12.6
12 to 20 Percent 32 0.1 5 0.0 1,121 1.3 28,432 6.4
Greater than 20 Percent......... 1,004 3.9 -- -- 148 0.2 24,217 5.4
Total 26,141 100.0 15,780 100.0 86,890 100.0 448,025 100.0
Watershed
Oak Creek Root River Total
Percent Percent Percent
Category Acres of Total Acres of Total Acres of Total
Oto6 Percent.......cccceevvernenne 16,214 89.9 115,423 91.2 582,024 80.7
6 to 12 Percent 1,709 9.4 9,605 7.6 82,802 11.5
12 to 20 Percent .........cccovnee. 65 0.4 1,145 0.9 30,800 4.3
Greater than 20 Percent......... 52 0.3 317 0.3 25,738 3.5
Total 18,040 100.0 126,490 100.0 721,366 100.0

Source: SEWRPC.

health and the environment. The WDNR, in cooperation with the USEPA, conducts a comprehensive air quality
management program designed to meet these standards and to otherwise protect air quality in the State. The
WDNR air management program includes operation of a network of air quality monitors and a series of rules that
limit emission for air pollution sources based upon various criteria. To ensure facilities meet their emission limits,
the WDNR uses tools, such as air pollution control permits, compliance inspections, emission testing, and
emission reports and certifications.

Areas not meeting the NAAQS for one or all of the criteria pollutants are designated as nonattainment areas by
the USEPA. In areas where observed pollutant levels exceed the established NAAQS, and are designated as
“nonattainment” areas by the USEPA, growth and development patterns may be constrained. For example,
industry seeking to locate or expand in a designated nonattainment area, or close enough to impact upon it, must
apply special emission control technologies. In addition, new or expanding industries may be required to obtain a
greater than one-for-one reduction in emissions from other sources in the vicinity so as to provide a net
improvement in ambient air quality or to purchase emission offset credits. In order to change a designation as a
nonattainment area, it is necessary to demonstrate compliance with the NAAQS and petition the USEPA for
redesignation of the nonattainment areas.

All of the study area currently meets all NAAQS, with the exception of the ozone standards in portions of the
study area. Because of standard exceedences, the USEPA has designated seven counties within, or partially
within, the study area as ozone nonattainment areas. These counties include Kenosha, Milwaukee, Ozaukee,
Racine, Sheboygan, Washington, and Waukesha Counties.

Ozone is formed when precursor pollutants, such as volatile organic compounds and nitrogen oxides, react in the
presence of sunlight. The ozone air quality problem within seven counties of the study area is a complex
problem because ozone is meteorologically dependant. Peak ozone levels typically occur during hot and dry
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summer-time conditions. In addition, the ozone problem in a portion of the study area is believed to be
attributable in large part to precursor emissions which are generated in the large urban areas located to the south
and southeast and carried by prevailing winds into the study area. The full resolution of the ozone problem, thus,
remains beyond the control of the study area and State and can be effectively addressed only through a multi-state
abatement effort. Over the past decade, the combination of local controls and offsets implemented within and
external to the seven counties noted, along with national vehicle emissions control requirements, have resulted in
a significant improvement in ambient air quality, and projections of future emissions indicate a continued decline
in precursor emissions and a continued improvement in air quality.

The ozone levels in the State of Wisconsin, which are relatable to the USEPA eight-hour standard, are shown in
Figure 6° for years 2001 through 2003. The standard was exceeded in all of the counties within the study area
which directly border on Lake Michigan, with the levels in the inland counties of Dodge, Fond du Lac,
Washington, and Waukesha Counties, not exceeding the standard. Similar data are not yet available for the years
2002 through 2004. However, the summer of 2004 was cooler and, thus, the values for 2002 through 2004 are
lower.

In addition to the pollutants discussed above, atmospheric mercury is an important pollutant because of its
potential public health risks. The health risks include those associated with fish consumption advisories which are
in place for most of the surface waters in the State of Wisconsin. The WDNR has established mercury emission
reduction requirements for coal-fired electric utility boilers.

Soils

The nature of the soils within the regional water quality management plan update study area has been determined
primarily by the interaction between the parent glacial deposits covering Southeastern Wisconsin and topography,
climate, plants, animals, and time. In Southeastern Wisconsin, soils have only developed in the past approxi-
mately 11,000 years, which, in a geologic sense, is not a long period of time. Soils usually compose only the
upper two to four feet of unconsolidated materials at the earth’s surface. Soils are the basis of agricultural
production, provide the foundation for buildings and roads, and if properly used, aid in the treatment and
recycling of wastes from homes. Soil characteristics, particularly depth, texture, and permeability, are significant
factors in determining the rate and extent of groundwater recharge and the degree of natural protection against
contamination.

Land characteristics, such as slope, vegetation type, and type of rock or unconsolidated material will, in
conjunction with the soil, determine the overall potential of the environment to protect groundwater. These land
characteristics along with climate, particularly temperature and precipitation, and time determines what kinds of
soil develop.

In order to assess the significance of these soil types to sound regional development, the Commission, in
cooperation with the then U.S. Soil Conservation Service (now the U.S. Natural Resources Conservation Service),
published SEWRPC Planning Report No. 8, Soils of Southeastern Wisconsin, June 1966. The regional soil survey
not only has resulted in the mapping of soils within the Region in great detail and provided data on the physical,
chemical, and biological properties of the soils, but also has provided interpretations of the soil properties for
planning, engineering, agricultural, and resource conservation purposes.

Map 15 shows the hydrologic soil groups within the study area. Soils within the study area have been categorized
into four main hydrologic groups, as indicated in Table 27. Soils that could not be categorized were included in an
“other” group. About 8 percent of the drainage area is covered by well drained soils, about 44 percent by

®Historically, exceedences of the ozone standards have been considered using both the one-hour and the eight-
hour standards established by the USEPA. The one-hour ozone standard was revoked by the USEPA June 15,
2005, and an eight-hour standard became effective. The eight-hour standard for ozone is 0.085 ppm and it is
calculated as the fourth highest peak daily eight-hour running value for the most recent three consecutive years.
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Table 27

GENERAL HYDROLOGIC SOIL TYPES WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2000

Group

Soil Characteristics

Watershed

Lake Michigan
Direct Drainage

Kinnickinnic
River

Menomonee
River

Milwaukee
River

Oak Creek

Root River

Total

Percent

Acres of Total

Percent

Acres of Total

Percent

Acres of Total

Percent

Acres of Total

Percent

Acres of Total

Percent

Acres of Total

Percent

Acres of Total

Well drained; very rapidly
to rapid permeability;
low shrink-swell potential

507 2.0

4,209 5.0

47,953 11.0

661 4.0

2,791 2.0

56,121 8.0

Moderately well drained;
texture intermediate
between coarse and fine;
moderately rapid to
moderate permeability; low
to moderate shrink-swell
potential

4,165 16.0

426 3.0

19,606 22.0

262,985 59.0

2,606 14.0

26,916 21.0

316,704 44.0

Poorly drained; high water
table for part or most of the
year; mottling, suggesting
poor aeration and lack of
drainage, generally present
in A to C horizons

15,012 57.0

3,209 20.0

45,755 53.0

105,187 23.0

14,119 78.0

91,213 72.0

274,495 38.0

Very poorly drained; high
water table for most of
the year; organic or clay
sails; clay soils having high
shrink-swell potential

720 3.0

1,745 2.0

2,446 <1.0

528 3.0

3,503 3.0

8,942 1.0

Other

Group not determined

5,738 22.0

12,144 77.0

15,575 18.0

29,454 7.0

125 1.0

2,068 2.0

65,102 9.0

Total

26,142 100.0

15,779 100.0

86,890 100.0

448,025 | 100.0

18,039 100.0

126,491 | 100.0

721,366 | 100.0

Source: SEWRPC.




moderately drained soils, about 38 percent by poorly drained soils, and about 1 percent by very poorly drained
soils. About 9 percent of the drainage area is covered by disturbed soils that could not be classified. The areal
extent of these soils and their locations within the study area are shown in Map 15. The detailed soils data were
utilized in the study area planning program in the hydrologic modeling, the identification of areas having
limitations for urban development utilizing onsite waste disposal systems and for development utilizing public
sanitary sewer service, the identification of prime agricultural lands, and the delineation of primary environmental
corridors.

Vegetation

Watershed vegetation at any given time is determined by a variety of factors, including climate, topography, soils,
proximity to bedrock, drainage, occurrence of fire, and human activities. Because of the temporal and spatial
variability of these factors and the sensitivity of different forms of vegetation to these factors, vegetation in the
regional water gquality management plan update study area watersheds is a changing mosaic of different types.
The terrestrial vegetation in the study area occupy sites which may be subdivided into three broad classifications:
prairie, wetland, and woodland.

Prairies

Prairies are treeless or generally treeless areas dominated by perennial native grasses. Prairies consist of five basic
types that include low prairie, mesic or moderately moist prairie, dry-mesic prairie, dry prairie, and savanna.
Prairies, which once covered extensive areas of Southeastern Wisconsin, have been reduced to scattered remnants,
primarily in the southern portions of the study area. The chief causes of the loss of prairies is their conversion to
urban and agricultural use and the suppression of wildfires, which had served to constrain the advancing shrubs
and trees that shade out the prairie plants. The location, extent, type, and quality of wetland, woodland, and prairie
areas are important determinants of the environmental quality of the watersheds throughout the regional water
quality management plan update study area. Such areas can, for example, support a variety of outdoor recreational
activities. They offer aesthetic values, contributing to the beauty and visual diversity of the landscape and
functioning as visual and acoustic shields or barriers. Such areas, as well as the vegetation contained within them
have important scientific value and serve important ecological functions, since they are typically, on a unit area
basis, biologically the most productive areas of the watershed, provide continuous wildlife range and sanctuary
for native biota, and help to maintain surface water quality by functioning as sediment and nutrient traps. Many of
the remaining prairies are encompassed with the natural areas and critical species habitat sites described later in
this section.

Wetlands

Wetlands generally occur in depressions and near the bottom of slopes, particularly along lakeshores and stream
banks, and on large land areas that are poorly drained. Wetlands may, however, under certain conditions, occur on
slopes and even on hilltops. Wetlands perform an important set of natural functions which include support of a
wide variety of desirable, and sometimes unique, forms of plant and animal life; water quality protection;
stabilization of lake levels and streamflows; reduction in stormwater runoff by providing areas for floodwater
impoundment and storage; protection of shoreline from erosion; and provision of groundwater discharge areas.

As identified in the regional water quality management plan update study area land use inventory, wetlands
encompassed about 128 square miles, or 11 percent of the total study area, in 2000. Those wetlands are shown on
Map 16. The wetlands shown on Map 16 are based upon the Wisconsin Wetland Inventory completed in 1985 by
the WDNR to help protect wetlands, and updated to the year 2000 as part of the regional water quality
management plan update land use inventory. It should be noted that, in addition to the wetlands shown in Map 16,
certain other areas have been identified by the U.S. Natural Resources Conservation Service as farmed wetlands,
which are subject to Federal wetland regulations.

Wetlands and their boundaries are continuously changing in response to changes in drainage patterns and climatic
conditions. While wetland inventory maps provide a sound basis for areawide planning, detailed field
investigations are often necessary to precisely identify wetland boundaries for individual tracts of land at a given
point in time.
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Woodlands

Three woodland types are recognized in the regional water quality management plan update study area: northern
upland hardwoods, southern upland hardwoods, and northern upland conifers. The northern and southern upland
hardwood types are the most common in the study area. The remaining stands of trees within the study area
consist largely of even-aged mature, or nearly mature specimens, with insufficient reproduction and saplings to
maintain the stands when the old trees are harvested or die of disease or age. Located largely on ridges and slopes
and along lakes and streams, woodlands are a natural resource of immeasurable value. Woodlands enhance the
natural beauty of, and are essential to the overall environmental wellbeing of the study area.

As identified in the regional water quality management plan update study area land use inventory, upland
woodlands encompassed about 77 square miles, or 7 percent of the total area of the study area, in 2000. It should
be noted that lowland wooded areas, such as tamarack swamps, are classified as wetlands in the land use
inventory. Existing upland woodlands in the study area, as identified in the year 2000 land use inventory, are
identified on Map 16.

Surface Water and Groundwater Resources

Surface water resources, lakes and streams and their associated floodlands, form the most important element of
the natural resource base of the regional water quality management plan update study area. Their contribution to
the economic development, recreational activity, and aesthetic quality of the watersheds is immeasurable. Lake
Michigan is a major source of water for domestic, municipal, and industrial users in the Greater Milwaukee
watersheds. Understanding the interaction of the surface water and groundwater resources is essential to sound
water resource planning. Both the surface water and the groundwater are interrelated components of the
hydrologic system.’® Accordingly, both these elements of the hydrologic system are described herein. The
groundwater resources of the watersheds are hydraulically connected to the surface water resources inasmuch as
the former provide the base flow of streams. The groundwater resources constitute the major source of supply for
domestic, municipal, and industrial water users located in the northern portion of the study area and those
resources are discussed below.

Lakes and Ponds

There are more than 120 named lakes and ponds greater than two acres in area within the regional water quality
management plan update study area, of which 21 lakes are greater than 50 acres in area and are capable of
supporting a variety of recreational uses.'* The total surface area of these 21 lakes is 3,438 acres, or less than
1 percent of the total study area. More than three quarters of the 3,438 acres is comprised of nine lakes all greater
than 100 acres in size that include: Silver, Big Cedar, and Little Cedar Lakes in Washington County; Auburn,
Kettle Moraine, and Long Lakes in Fond du Lac County; Mud Lake in Ozaukee County; and Ellen and Random
Lakes in Sheboygan County. Ponds and other surface waters are present in relatively smaller proportions, totaling
less than 200 acres in area throughout the study area. These lakes and smaller bodies of water provide residents of
the regional water quality management plan update study area and persons from outside the study area with a
variety of aesthetic and recreational opportunities and also serve to stimulate the local economy by attracting
recreational users. The major lakes in the study area are shown on Map 17. More-detailed mapping and
information on the lakes is presented in Chapter 111 of this report and in an accompanying technical report.*?

®Thomas C. Winter, Judson W. Harvey, O. Lehn Franke, William M. Alley, Ground water and surface water; a
single resource, USGS Circular 1139.

Hwisconsin Department of Natural Resources PUBL WT 704-2001, State of the Milwaukee River Basin, August,
2001; Wisconsin Department of Natural Resources PUBL WT-700-2002, State of the Root-Pike River Basin,
May, 2002.

12SEWRPC Technical Report No. 39, op. cit.
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Streams and Channel Conditions

Water from rainfall and snowmelt flows into stream systems by one of two pathways; either directly flowing
overland as surface water runoff into streams or infiltrating into the soil surface and eventually flowing
underground into streams as groundwater. Ephemeral streams generally flow only during the wet season. Streams
that flow year-round are called perennial streams and are primarily sustained by groundwater during dry periods.
The surface water drainage systems and the 1,010 miles of mapped streams are shown on Map 17 on a study area
basis. More-detailed mapping and information on the stream system is presented in Chapter 111 of this report and
in an accompanying technical report.*®

Viewed from above, the network of water channels that form a river system displays a branchlike pattern as
shown in Figure 6. A stream channel that flows into a larger channel is called a tributary of that channel. The
entire area drained by a single river system is termed a drainage basin, or watershed. Stream size increases
downstream as more and more tributary segments enter the main channel. A classification system based on the
position of a stream within the network of tributaries, called stream order, was developed by Robert E. Horton and
later modified by Arthur Strahler. In general, the lower stream order numbers correspond to the smallest
headwater tributaries and are shown as the Order 1 or first-order streams in Figure 7. Second-order streams (Order
2) are those that have only first-order streams as tributaries, and so on (Figure 7). As water travels from headwater
streams toward the mouth of larger rivers, streams gradually increase their width and depth and the amount of
water they discharge also increases. It is important to note that over 80 percent of the total length of Earth’s rivers
and streams are headwater streams (first- and second-order), which is similar to the case in terms of the
watersheds within the regional water quality management plan update study area.

To better understand stream systems and what shapes their conditions, it is important to understand the effects of
both spatial and temporal scales. Streams can be theoretically subdivided into a continuum of habitat sensitivity to
disturbance and recovery time as shown in Figure 8.** Microhabitats, such as a handful-sized patch of gravel, are
most susceptible to disturbance and river systems and watersheds, or drainage basins, the least. Furthermore,
events that affect smaller-scale habitat characteristics may not affect larger-scale system characteristics, whereas
large disturbances can directly influence smaller-scale features of streams. For example, on a small spatial scale,
deposition at one habitat site may be accompanied by scouring at another site nearby, and the reach or segment
does not appear to change significantly. In contrast, a large-scale disturbance, such as a debris flood, is initiated at
the segment level and reflected in all lower levels of the hierarchy (reach, habitat, microhabitat). Similarly, on a
temporal scale, siltation of microhabitats may disturb the biotic community over the short term. However, if the
disturbance is of limited scope and intensity, the system may recover quickly to pre-disturbance levels.*® In
contrast, extensive or prolonged disturbances, such as stream channelization due to ditching and tile drainage
practices, have resulted in longer term impacts throughout the study area.

The most important fundamental aspects of stream systems are that 1) the entire fluvial system is a continuously

integrated series of physical gradients in which the downstream areas are longitudinally linked and dependent
upon the upstream areas; and 2) that streams are intimately connected to their adjacent terrestrial setting, in other

Bpid.

Y¥C.A. Frissell and others, “A Hierarchical Framework for Stream Classification: Viewing Streams in a
Watershed Context,” Journal of Environmental Management, Volume 10, pages 199-214, 1986.

15G.J. Niemi and others, “An Overview of Case Studies on Recovery of Aquatic Systems From Disturbance,”
Journal of Environmental Management, Volume 14, pages 571-587, 1990.
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Figure 7 words the land-stream interaction is crucial to the
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ON HORTON’S CLASSIEICATION SYSTEM regara, land uses nave a signiticant Impact on stream

channel conditions and associated biological
responses.*®

Floodlands

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

Source: Oliver S. Owen and others, Natural Resource Con-
servation: Management for a Sustainable Future.

How much of the natural floodplain will be occupied

by any given flood will depend upon the severity of

that flood and, more particularly, upon its elevation,
or stage. Thus, an infinite number of outer limits of the natural floodplain may be delineated, each set of limits
related to a specified flood recurrence interval. The Southeastern Wisconsin Regional Planning Commission,
therefore, has for over 40 years recommended that the natural floodplains of a river or stream be more specifically
defined as those lands inundated by a flood having a recurrence interval of 100 years (or a 1 percent annual
chance of occurrence), with the natural floodlands being defined as consisting of the river channel plus the 100-
year floodplain. Mapped floodplains in the study area are shown on Map 18. A floodway is that designated
portion of the floodlands required to convey the 100-year recurrence interval flood discharge. The floodway,
which includes the channel, is that portion of the floodlands least suited for human habitation. All fill, structures,
and other development that would impair floodwater conveyance by adversely increasing flood stages or
velocities, or would themselves be subject to flood damage, should be prohibited in the floodway.

The floodplain fringe is that portion of the 100-year recurrence interval floodplain lying outside the floodway.
Floodwater depths and velocities are small in this area compared to those in the floodway and, therefore, in a
developed urban floodplain fringe area, further development may be permitted, although restricted and regulated
S0 as to minimize flood damage.

For zoning purposes, the floodplain fringe may be divided into districts related to floodplain storage and natural
resource characteristics. Although the floodplain fringe does not convey floodwaters, it does provide a volume of
storage which affects the magnitude and timing of flood peaks. If the analyses conducted for the delineation of the

®Lizhu Wang and others, “Influences of Watershed Land Use on Habitat Quality and Biotic Integrity in
Wisconsin Streams,”” Fisheries, Volume 22, No. 6, June 1997; Jana S. Stewart and others, “Influences of
Watershed, Riparian-Corridor, and Reach-Scale Characteristics on Aquatic Biota in Agricultural Watersheds,”
Journal of the American Water Resources Association, Volume 37, No. 6, December 2001; Faith A. Fitzpatrick
and others, “Effects of Multi-Scale Environmental Characteristics on Agricultural Stream Biota in Eastern
Wisconsin,” Journal of the American Water Resources Association, Volume 37, No. 6, December 2001.
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Figure 8

RELATION BETWEEN RECOVERY TIME AND SENSITIVITY TO DISTURBANCE FOR
DIFFERENT HIERARCHICAL SPATIAL SCALES ASSOCIATED WITH STREAM SYSTEMS
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Source: C.A. Frissell and others, “A Hierarchical Framework for Stream Habitat Classification: Viewing Streams in a Watershed Context,”
Environmental Management, Vol. 10, and SEWRPC.

floodplain boundaries of a stream, or a system of streams, include consideration of the effect of storage volume in
the floodplain fringe, a flood storage zone should be designated. Such a zone may include a conservancy district,
which includes wetlands in the floodplain fringe, as well as a storage district, which includes lands located outside
of wetlands.

The delineation of the natural floodlands in rural or largely undeveloped watersheds is extremely important to
sound planning and development. Flood hazard delineations have many practical uses, including identification of
areas which are not well suited to urban development but which could be prime locations for needed park and
open space areas, identification of flood hazard areas possibly requiring structural or nonstructural floodland
management measures, delineation of hazard areas for flood insurance purposes, and provision of stage and
probability data needed to quantify flood damages in monetary terms.

Geology and Groundwater Resources

Groundwater resources constitute another key element of the natural resource base of the regional water quality
management plan update study area. Groundwater not only sustains lake levels and wetlands and provides the
base flows of streams in the study area, but it also comprises a major source of water supply for domestic,
municipal, and industrial water users in the northern portion of the study area.

Groundwater occurs within three major aquifers that underlie the study area. From the land’s surface downward,
they are: 1) the sand and gravel deposits in the glacial drift; 2) the shallow dolomite strata in the underlying
bedrock; and 3) the deeper sandstone, dolomite, siltstone, and shale strata. Because of their proximity to the land’s
surface and hydraulic interconnection, the first two aquifers are commonly referred to collectively as the “shallow
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aquifer,” while the latter is referred to as the deep aquifer. Within the study area, the shallow and deep aquifers
are separated by the Maquoketa shale, which forms a relatively impermeable barrier between the two aquifers
(see Figure 9).

Recharge to the sand and gravel aquifer occurs primarily through infiltration of precipitation that falls on the land
surface directly overlying the aquifer. Within the study area, the rate of recharge to the sand and gravel aquifer
varies depending on the permeability of the overlying glacial till.

Recharge to the Silurian aquifer occurs primarily through infiltration of precipitation that seeps through the glacial
drift above the aquifer. As with the sand and gravel aquifer, the rate of recharge varies with the permeability of
the glacial drift. Some additional recharge to the Silurian aquifer occurs as lateral subsurface inflow from the
west.

Recharge to the sandstone aquifer, located in the Cambrian and Ordovician strata occurs in the following three
ways: 1) seepage through the relatively impermeable Maquoketa shale, 2) subsurface inflow from natural
recharge areas located to the west in Waukesha, Jefferson, and Dodge Counties, and 3) seepage from wells that
are hydraulically connected to both the Niagara and the sandstone aquifers. Although the natural gradient of
groundwater movement within the sandstone aquifer is from west to east, concentrated pumping which has
occurred over the years has reversed the gradient so that groundwater now flows from the east toward a cone of
depression located in the vicinity of the Milwaukee-Waukesha county line in the west-central portion of the
study area.

Like surface water, groundwater is susceptible to depletion in quantity and to deterioration in quality as a result of
urban and rural development. Consequently, water quality management planning must appropriately consider the
potential impacts of urban and rural development on this important resource. Water quality management and land
use planning must also take into account, as appropriate, natural conditions which may limit the use of
groundwater as a source of water supply, including the relatively high levels of naturally occurring radium in
groundwater in the deep sandstone aquifer, found in certain areas of the Region. Other considerations which may
limit the uses of groundwater include decreasing aquifer levels and increasing concentrations of dissolved solids
and other constituents.

Springs are areas of concentrated discharge of groundwater at the land surface. Alone, or in conjunction with
numerous smaller seeps, they may provide the source of base flow for streams and serve as a source of water for
lakes, ponds, and wetlands. Conversely, under certain conditions, streams, lakes, ponds, and wetlands may be
sources of recharge that create springs. The magnitude of discharge from a spring is a function of several factors,
including the amount of precipitation falling on the land surface, the occurrence and extent of recharge areas of
relatively high permeability, and the existence of geologic and topographical conditions favorable to discharge of
groundwater to the land surface.

SEWRPC, working with the U.S. Geological Survey, Wisconsin Geological and Natural History Survey, the
University of Wisconsin-Milwaukee, and the Wisconsin Department of Natural Resources, recently completed
two major groundwater studies for the Region that will be important resources for regional and local planning.
These studies include a regional groundwater inventory and analysis and the development of a regional
groundwater aquifer simulation model. The groundwater inventory and analysis findings are presented in
SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002. The aquifer
simulation model is documented in SEWRPC Technical Report No. 41, A Regional Aquifer Simulation Model for
Southeastern Wisconsin, June 2005. As described in Chapter X, important groundwater recharge areas were
identified under this Regional water quality management planning update. Delineation of those areas utilized the
results of the inventory and analysis work and the aquifer model. In addition, the Wisconsin Department of
Natural Resources in conjunction with local water utilities has undertaken an effort to identify areas of
contribution to municipal wells that can be used for well protection planning.
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The distribution and abundance of fishes in rivers and streams may be used as an indication of both short- and
long-term changes in water quality and general instream ecological conditions. There are several advantages to
using fish life as an indicator of the water quality and general ecological health of a stream system. First, fish
occupy multiple trophic levels in the aquatic food chain feeding on a variety of vegetation, insects, as well as
other fishes and their presence, therefore, implies the presence and health of many other types of plants and
animals upon which they feed. Second, fish live continuously for generations in a waterbody, and therefore over
time come to reflect the condition of that waterbody. Finally, fish have been well studied; therefore, more accurate
identification of fish species and more complete descriptions of fish life histories are available than is the case for
other aquatic species, permitting relationships between fish and their environment to be well assessed.

An Index of Biotic Integrity (IB1)*" was used to classify the fishery and environmental quality in this stream
system using fish survey data from various sampling locations of the regional water quality management plan
update study area watersheds.”® The IBI consists of a series of fish community attributes that reflect basic
structural and functional characteristics of biotic assemblages: species richness and composition, trophic and
reproductive function, and individual abundance and condition.*® Detailed data on the biotic index is provided in
Chapter 111 of this report and in an accompanying technical report.

In Wisconsin, high-quality warmwater streams are characterized by many native species, darters, suckers, sunfish,
and intolerant species (species that are particularly sensitive to water pollution and habitat degradation). Tolerant
fish species are capable of persisting under a wide range of degraded conditions and are also typically present
within high-quality warmwater streams, but do not dominate. Tolerant species may also include nonnative fishes,
such as carp, as well as many native species, such as bullheads and creek chubs. Insectivores (fish that feed
primarily on small invertebrate bugs) and top carnivores (fish that feed on other fish, vertebrates, or large
invertebrate bugs) are generally common. Omnivores (fish that feed on both plant and animal material) are also
generally common, but do not dominate. Simple lithophilous spawners which are species that lay their eggs
directly on large substrate, such as clean gravel or cobble, without building a nest or providing parental care for
the eggs are also generally common. In addition, deformities, eroded fins, lesions, or tumors on fish species in
high-quality streams are generally few to none.

Streams located within urbanized areas, such as Lincoln Creek, Kinnickinnic River, and Oak Creek, have very-
poor to poor warmwater 1Bl scores. Underwood Creek and the Root River watershed also have degraded fish
communities resulting in very poor to fair warmwater IBI scores. Species richness is much lower in these

Although the fish IBI is useful for assessing environmental quality and biotic integrity in warmwater streams,
this index is most effective when used in combination with additional data on physical habitat, water quality,
macro-invertebrates, and other biota when evaluating a site.

8John Lyons, “Using the Index of Biotic Integrity (IBI) to Measure Environmental Quality in Warmwater
Streams of Wisconsin,” United States Department of Agriculture, General Technical Report NC-149, 1992. John
Lyons and others, “Development and Validation of an Index of Biotic Integrity for Coldwater Streams in
Wisconsin,”” North American Journal of Fisheries Management, Volume 16, No. 2, May 1996.

9John Lyons, General Technical Report NC-149, op. cit. The Wisconsin IBI described here consists of 10 basic
metrics, plus two additional metrics (termed ““correction factors™) that affect the index only when they have
extreme values. These 12 metrics are: Species Richness and Composition—total number of native species, darter
species, sucker species, sunfish species, intolerant species, and percent (by number of individuals) that are
tolerant species; Trophic and Reproductive Function—Percent that are omnivores, insectivores, top carnivores,
and simple lithophilous spawners; and Fish Abundance and Condition—number of individuals (excluding
tolerant species) per 300 meters sampled and percent with deformities, eroded fins, lesions, or tumors (DELT).
The last two metrics are not normally included in the calculation of the IBI, but they can lower the overall IBI
score if they have extreme values (very low number of individuals or high percent DELT fish).

SEWRPC Technical Report No. 39, op. cit.
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watersheds than expected, tolerant species dominate, and intolerant species are absent. The only sportfish present
in appreciable numbers is the highly tolerant green sunfish, and most individuals of this species are small. The
Little Menomonee River does not contain intolerant species, but it does have extremely low numbers of northern
pike. The Little Menomonee River has been channelized, which undoubtedly affects the fish community.
Conversely, the East Branch of the Milwaukee River contains a high quality warmwater fish community with a
high diversity of species and a large portion of this segment of stream has been classified as exceptional resource
water. The East Branch contains good numbers of the rock bass, an intolerant sportfish, small numbers of the
intolerant lowa darter, and a few northern pike and good numbers of bluegill. Headwater tributaries within the
North and East and West Branches of the Milwaukee River also contain several high quality coldwater trout
stream fish assemblages. The Lower Milwaukee River estuary and harbor area has recently shown signs of
significant improvement in the quality of the fishery, since removal of the North Avenue dam and major habitat
improvements in the late 1990s, which opened up an additional 9.6 kilometers of stream with Lake Michigan.?*
The smallmouth bass, which is an intolerant fish species, have dramatically increased in abundance within
this area.

In addition to resident stream fishes within the river systems themselves, certain fishes, including highly sought
after game fishes, such as walleye, steelhead, and salmon, regularly migrate between these streams and Lake
Michigan. Typically these migrations occur in spring and fall for breeding purposes, but such migrations may
occur at other times of the year depending upon the characteristics of the particular strain. In particular the
steelhead fishery in the Root River system provides an example of a highly managed fishery, where multiple
strains of steelhead have been introduced to provide a high quality year-round fishery. This fishery is supported
by the WDNR Root River Steelhead Facility located in Lincoln Park, Racine County. This facility, established in
1992-93, processes approximately 500,000 steelhead annually, using a system of fish ladders, holding ponds, and
laboratory facilities to enhance reproduction. Similarly, the WDNR has actively stocked and continues to manage
the anadromous salmon fishery using more traditional stocking techniques in other stream systems tributary to
Lake Michigan, including the Milwaukee River. Recently these programs have been expanded to include the
stocking of lake sturgeon which historically were known to be present in this River system. The net result of all of
these programs is a restored fishery that has contributed to significantly improved recreational sport fishing in the
Lake and its tributary stream systems.

Wildlife

Wildlife in the regional water quality management plan update study area includes upland game, such as white-
tailed deer, rabbit and squirrel; predators, such as coyote, fox, and raccoon; game birds, such as pheasant; marsh
furbearers, such as beaver and muskrat; migratory and resident song birds; and waterfowl. In addition, amphibians
and reptiles are common to the study area, and include toads, and salamanders, as well as turtles and snakes. The
spectrum of wildlife species originally present in the watershed has, along with the habitat, undergone tremendous
alterations since settlement by Europeans and the subsequent clearing of forests, plowing of the oak savannas and
prairies, and draining of wetlands for agricultural purposes. Modern-day activities that can adversely affect
wildlife and wildlife habitat include the excessive use of fertilizers and pesticides, road salting, heavy traffic and
resulting disruptive noise levels and damaging air pollution, the introduction of domestic animals, and the
fragmentation and isolation of remaining habitat areas for urban and agricultural uses. It is therefore important to
consider protection and preservation of remaining wildlife habitat in the watershed, along with development
objectives.

Zwisconsin Department of Natural Resources PUB-FH-510-2004, An Evaluation of Walleye Population
Restoration Efforts in the Lower Milwaukee River and Harbor, Wisconsin, 1995-2003, January 2004.
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Endangered, Threatened, and Rare Fauna

Sixty-seven animal species that have been listed as endangered, threatened, or of special concern occur within the
study area.?” As designated by the Wisconsin Department of Natural Resources, 10 of these species have been
classified as endangered and 12 as threatened. One Wisconsin designated special concern species, the bald eagle
(Haliaeetus leucocephalus), a migrant species through the watershed, has also been designated as a Federal
threatened species (see Table 28).

In addition, a total of 45 animal species, mostly waterfowl and songbirds, have been listed as species of special
concern. Many of these species are restricted to the extensive prairie, and wetland areas which remain in the study
area. Maintenance of suitable prairie and wetland habitat areas in the watershed will likely help to maintain good
populations of these special concern species, thereby contributing to the maintenance of adequate and stable
statewide populations of these species. Conversely, failure to maintain such habitat, given its extensive occurrence
within the watershed, could contribute to a substantial decline in such species.

Wildlife Habitat

Wildlife habitat areas within the regional water quality management plan update study area, were identified by the
Southeastern Wisconsin Regional Planning Commission and the Wisconsin Department of Natural Resources and
categorized as either Class I, Class I, or Class 11 habitat areas. Wildlife habitat areas provide valuable recreation
opportunities and constitute an invaluable aesthetic asset to the watershed. The following five major
characteristics were used to identify high value wildlife habitats: balanced diversity, adequate area to meet
territorial requirements of major species, vegetation, location, and disturbance. Class | wildlife habitat areas are
habitats of the highest value in the Region in that they contain a good diversity of wildlife, are adequate in size to
meet all habitat requirements for the species concerned, and are generally located in proximity to other wildlife
habitat areas. Class Il wildlife habitat areas generally lack optimal conditions for one of the three aforementioned
criteria for a Class | area. However, they do retain a good plant and animal diversity. Class Il wildlife habitat
areas are remnant in nature in that they generally lack optimal conditions for two or more of the three
aforementioned criteria for Class | wildlife habitat but are, nevertheless, important if located in close proximity to
other wildlife habitat areas, if they provide travel corridors linking other habitat areas, if they provide important
forage habitat, or if they provide the only available range in an area. It is in this respect that Class I11 wildlife
habitat areas may also serve as regionally significant habitat in Southeastern Wisconsin.

As a result of urban and agricultural activity and the associated decrease in woodlands, wetlands, prairies, and
other natural areas, wildlife habitat in the regional water quality management plan update study area has been
seriously depleted. The habitat that remains generally consists of land parcels that have not to date been
considered suitable for cultivation or urban development. Much of the remaining habitat has been modified or has
deteriorated; some of these remaining habitat areas are being increasingly encroached upon by encircling urban
development and agricultural uses.

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

#SEWRPC Planning Report No. 42, A Regional Natural Areas and Critical Species Habitat Protection and
Management Plan for Southeastern Wisconsin, September 1977; SEWRPC Technical Report No. 39, op.cit.
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Table 28

ENDANGERED AND THREATENED SPECIES AND SPECIES OF SPECIAL CONCERN
IN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Common Name

Scientific Name

Status under the U.S.
Endangered Species Act

Wisconsin Status

Butterflies and Moths

Broad-winged Skipper Poanes viator Not listed Special concern
Buck Moth Hemileuca maia Not listed Special concern
Dion Skipper Euphyes dion Not listed Special concern
Great Copper Lycaena xanthoides Not listed Special concern
Karner Blue Lycaeides melissa samuelis Endangered Special concern?
Liatris Borer Moth Papaipema beeriana Not listed Special concern
Little Glassy Wing Pompeius verna Not listed Special concern
Mulberry Wing Poanes massasoit Not listed Special concern
Regal Fritillary Speyeria indalia Not listed Endangered
Swamp Metalmark Calephelis muticum Not listed Endangered
Two-spotted Skipper Euphyes bimacula Not listed Special concern
Dragonfiles and Damselflies
Amber-Winged Spreadwing Lestes eurinus Not listed Special concern
Elegant Spreadwing Lestes inaequalis Not listed Special concern
Gilded River Cruiser Macromia pacifica Not listed Special concern
Great Spreadwing Archilestes grandis Not listed Special concern
Green-Striped Darner Aeshna verticalis Not listed Special concern
Lemon-faced Emerald Somatochlora ensigera Not listed Special concern
Silphium Borer Moth Papaipema silphii Not listed Endangered
Slaty Skimmer Libellula incesta Not listed Special concern
Slender Bluet Enallagma traviatum Not listed Special concern
Swamp Spreadwing Lestes vigilax Not listed Special concern
Unicorn Clubtail Arigomphus villosipes Not listed Special concern
Other Insects
Red-Tailed Prairie Leafhopper Aflexia rubranura Not listed Endangered
Crustacea
Prairie Crayfish Procambarus gracilis Not listed Special concern
Molluscs
Creek Heelspitter Lasmigona compressa Not listed Special concern
Elktoe Alasmidonta marginata Not listed Special concern
Ellipse Venustaconcha ellipsiformis Not listed Threatened
Tapered Vertigo Vertigo elatior Not listed Special concern
Fish
American Eel Anguilla rostrata Not listed Special concern
Banded Killifish Fundulus diaphanus Not listed Special concern
Bloater Coregonus hoyi Not listed Special concernb
Greater Redhorse Moxostoma valenciennesi Not listed Threatened
Lake Chubsucker Erimyzon sucetta Not listed Special concern
Lake Herring Coregonus artedi Not listed Special concern
Lake Sturgeon Acipenser fulvescens Not listed Special concernP
Least Darter Etheostoma microperca Not listed Special concern
Longear Sunfish Lepomis magalotis Not listed Threatened
Pugnose Shiner Notropis anogenus Not listed Threatened
Redfin Shiner Lythrurus umbratilis Not listed Threatened
Redside Dace Clinostomus elongatus Not listed Special concern
Striped Shiner Luxilus chrysocephalus Not listed Endangered
Weed Shiner Notropis texanus Not listed Special concern
Reptiles and Amphibians
Blanchard'’s Cricket Frog Acris crepitans blanchardi Not listed Endangered
Blanding’s Turtle Emydoidea blandingii Not listed Threatened
Bullfrog Rana catesbeiana Not listed Special concernP
Butler's Garter Snake Thamnophis butleri Not listed Threatened
Northern Ribbon Snake Thamnophis sauritus Not listed Endangered
Pickerel Frog Rana palustris Not listed Special concern
Queen Snake Regina septemvittata Not listed Endangered
Spotted Salamander Ambystoma maculatum Not listed Special concern
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Table 28 (continued)

Common Name

Scientific Name

Status under the U.S.
Endangered Species Act

Wisconsin Status

Birds
Acadian Flycatcher Empidonax virescens Not listed Threatened
Black Tern Chlidonias niger Not listed Special concern®
Black-Crowned Night Heron Nycticorax nycticorax Not listed Special concern®
Cerulean Warbler Dendroica cerulea Not listed Threatened
Common Tern Sterna hirundo Not listed Endangered
Foster’'s Tern Sterna forsteri Not listed Endangered
Grasshopper sparrow Ammodramus savannarum Not listed Special concern®
Hooded Warbler Wilsonia citrina Not listed Threatened
Kentucky Warbler Oporornis formosus Not listed Threatened
Louisiana Waterthrush Seiurus motacilla Not listed Special concern®
Northern Harrier Circus cyaneus Not listed Special concern®
Northern Pintail Anas acuta Not listed Special concern®
Pine Siskin Carduelis pinus Not listed Special concern®
Red-Shouldered Hawk Buteo lineatus Not listed Threatened
Upland Sandpiper Bartramia longicauda Not listed Special concern®

Mammals
Bobcat Lynx rufus Not listed Special concern
Franklin’s Ground Squirrel Spermophilus franklinii Not listed Special concern

Plants
American Fever-Few Parthenium integrifolium Not listed Threatened
American Gromwell Lithospermum latifolium Not listed Special concern
American Sea-Rocket Cakile edentula Not listed Special concern
Arrow Arum Peltandra virginica Not listed Special concern
Autumn Coral-Root Corallorhiza odontorhiza Not listed Special concern
Blue Ash Fraxinus quadrangulata Not listed Threatened
Bluestem Goldenrod Solidago caesia Not listed Endangered
Bog Bluegrass Poa paludigena Not listed Threatened
Capitate Spikerush Eleocharis olivacea Not listed Special concern
Christmas Fern Polystichum arcostichoides Not listed Special concern
Climbing Fumitory Adlumia fungosa Not listed Special concern
Clinton Woodfern Dryopteris clintoniana Not listed Special concern
Cluster Fescue Festuca paradoxa Not listed Special concern
Clustered Broomrape Orobanche fasciculate Not listed Threatened
Common Bog Arrow-Grass Triglochin maritime Not listed Special concern
Cooper’s Milkvetch Astragalus neglectus Not listed Endangered
Cuckooflower Cardamine pratensis Not listed Special concern
Downy Willow-Herb Epilobium strictum Not listed Special concern
Dwarf Lake Iris Iris lacustris Threatened Threatened
False Hop Sedge Carex lupuliformis Not listed Endangered
Few-Flower Spikerush Eleocharis quinqueflora Not listed Special concern
Forked Aster Aster furcatus Not listed Threatened
Giant Pinedrops Pterospora andromedea Not listed Endangered
Great Indian-Plantain Cacalia muehlenbergii Not listed Special concern
Green Arrow-Arum Peltandra virginica Not listed Special concern
Hairy Beardtongue Penstemon hirsutus Not listed Special concern
Handsome Sedge Carex Formosa Not listed Threatened
Harbinger-of-Spring Erigenia bulbosa Not listed Endangered
Heart-Leaved Plantain Plantago cordata Not listed Endangered
Heart-Leaved Skullcap Scutellaria ovata Not listed Special concern
Hemlock Parsley Conioselinum chinense Not listed Endangered
Hooker Orchis Platanthera hookeri Not listed Special concern
Indian Cucumber-Root Medeola virginiana Not listed Special concern
Kentucky Coffee-Tree Gymnocladus dioicus Not listed Special concern
Large Roundleaf Orchid Platanthera orbiculata Not listed Special concern
Leafy White Orchis Platanthera dilatata Not listed Special concern
Lesser Fringed Gentian Gentianopsis procera Not listed Special concern
Livid Sedge Carex livida Not listed Special concern
Low Nutrush Scleria verticillata Not listed Special concern
Many-Headed Sedge Carex sychnocephala Not listed Special concern
Marbleseed Onosmodium molle Not listed Special concern
Marsh Arrow-Grass Triglochin palustre Not listed Special concern
Marsh Blazing Star Liatris spicata Not listed Special concern
Marsh Willow-Herb Epilobium palustre Not listed Special concern
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Table 28 (continued)

Status under the U.S.
Common Name Scientific Name Endangered Species Act Wisconsin Status
Plants (continued)
Northern Bog Sedge Carex gynocrates Not listed Special concern
Northern Yellow Lady’s-Slipper Cypripedium parviflorum Not listed Special concern
Ohio Goldenrod Solidago ohioensis Not listed Special concern
One-Flowered Broomrape Orabanche uniflora Not listed Special concern
Pale Green Orchid Platanthera flava Not listed Threatened
Prairie Indian Plantain Cacalia tuberose Not listed Threatened
Prairie Parsley Polytaenia nuttallii Not listed Threatened
Prairie White-Fringed Orchid Platanthera leucophaea Threatened Endangered
Purple Bladderwort Utricularia purpurea Not listed Special concern
Purple False Oats Trisetum melicoides Not listed Endangered
Purple Milkweed Asclepias purpurascens Not listed Endangered
Ram’s-head Lady’s Slipper Cypripedium arietinum Not listed Threatened
Ravenfoot Sedge Carex crus-corvi Not listed Endangered
Reflexed Trillium Trillium recurvatum Not listed Special concern
Round-Leaved Orchis Amerorchis rotundifolia Not listed Threatened
Roundstem Foxglove Agalinis gaffingeri Not listed Threatened
Sand Reed-Grass Calamovilfa longifolia Not listed Threatened
Seaside Spurge Euphorbia polygonifolia Not listed Special concern
Showy Lady’s-Slipper Cypripedium reginae Not listed Special concern
Slender Sedge Carex lasiocarpa Not listed Special concern
Slenderleaf Sundew Drosera linearis Not listed Threatened
Slim-Stem Small-Reedgrass Calamagrostis stricta Not listed Special concern
Small White Lady’s Slipper Cypripedium candidum Not listed Threatened
Small Yellow Lady’s-Slipper Cypripedium calceolus Not listed Special concern
Smooth Black-Haw Viburnum prunifolium Not listed Special concern
Snow Trillium Trillium nivale Not listed Threatened
Sparse-Flowered Sedge Carex tenuflora Not listed Special concern
Spotted Pondweed Potamogeton pulcher Threatened Endangered
Sticky False-Asphodel Tofieldia glutinosa Not listed Threatened
Streambank Wheatgrass Elymus lanceolaus Not listed Threatened
Swamp Pink Helonias bullata Not listed Special concern
Tufted Hairgrass Deschampsia caespitosa Not listed Special concern
Twinleaf Jeffersonia diphylla Not listed Special concern
Variegated Horsetail Equisetum variegatum Not listed Special concern
Wafer-Ash Ptelea trifoliate Not listed Special concern
Waxleaf Meadowrue Thalictrum revolutum Not listed Special concern
Whip Nutrush Scleria triglomerata Not listed Special concern
White Adder’s-Mouth Malaxis brachypoda (Malaxis Not listed Special concern
monophyllos)
Wild Licorice Glycyrrhiza lepidota Not listed Special concern
Yellow Gentian Gentiana alba Not listed Threatened

aThis species is federally protected as endangered or threatened but not designated as endangered or threatened by the Wisconsin

Department of Natural Resources.

bTaking of this species is regulated by the establishment of open and closed seasons.

CThis species is fully protected under by Federal and State laws under the Migratory Bird Act of 1918.

Source: Wisconsin Department of Natural Resources, Wisconsin State Herbarium, Wisconsin Society of Ornithology, and SEWRPC.

Environmentally Sensitive Areas

One of the most important tasks completed under the regional planning program for Southeastern Wisconsin has
been the identification and delineation of those areas of the Southeastern Wisconsin Region in which concen-
trations of recreational, aesthetic, ecological, and cultural resources occur, resources which should be preserved
and protected. Similar delineations were completed for the regional water quality management plan update study
area within Dodge, Fond du Lac, and Sheboygan Counties. Such areas normally include one or more of the
following seven elements of the natural resource base which are essential to the maintenance of both the
ecological balance and natural beauty of the study area: 1) lakes, rivers, and streams and their associated
shorelands and floodlands, 2) wetlands, 3) woodlands, 4) prairies, 5) wildlife habitat areas, 6) wet, poorly drained,
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or organic soils, and 7) rugged terrain and high-relief topography. While the foregoing elements comprise the
integral parts of the natural resource base, there are five additional elements which, although not part of the
natural resource base per se, are closely related to, or centered on, that base and are a determining factor in
identifying and delineating areas with recreational, aesthetic, ecological, and cultural value: 1) existing park and
open space sites, 2) potential park and open space sites, 3) historic sites, 4) significant scenic areas and vistas, and
5) natural and scientific areas. The delineation of these 12 natural resource and natural resource-related elements
on a map results in a pattern of relatively narrow, elongated areas which have been termed “environmental
corridors” and have been delineated by the Southeastern Wisconsin Regional Planning Commission.?®

Primary Environmental Corridors

Primary environmental corridors include a wide variety of important resource and resource-related elements and
are at least 400 acres in size, two miles in length, and 200 feet in width. The primary environmental corridors in
the regional water quality management plan update study area are primarily located along major stream valleys,
around major lakes, and along the northern Kettle Moraine. As indicated in Table 29, primary environmental
corridors encompassed about 185 square miles, or about 16 percent of the study area, in 2000. These primary
environmental corridors contain almost all of the best remaining woodlands, wetlands, and wildlife habitat areas
in the study area, and represent a composite of the best remaining elements of the natural resource base. Primary
environmental corridors in the regional water quality management plan update study area are shown on Map 19.

Secondary Environmental Corridors

Secondary environmental corridors connect with primary environmental corridors, and are at least 100 acres in
size and one mile in length. Secondary environmental corridors are generally located along the small perennial
and intermittent streams within the regional water quality management plan update study area. In 2000, secondary
environmental corridors encompassed about 27 square miles, or about 2 percent of the total area of the study area.
Secondary environmental corridors also contain a variety of resource elements, often remnant resources from
primary environmental corridors which have been developed for intensive urban or agricultural purposes.
Secondary environmental corridors facilitate surface water drainage, maintain pockets of natural resource
features, and provide corridors for the movement of wildlife, as well as for the movement and dispersal of seeds
for a variety of plant species. Secondary environmental corridors in the regional water quality management plan
update study area are shown on Map 19.

Isolated Natural Resource Areas

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 within the regional water quality
management plan update study area. These natural areas, which are at least five acres in size, are referred to as
isolated natural resource areas. Widely scattered throughout the study area, isolated natural resource areas
encompassed about 28 square miles, or about 3 percent of the total study area, in 2000. These smaller pockets of
wetlands, woodlands, surface water, or wildlife habitat exist within the study area. Isolated natural resource areas
may provide the only available wildlife habitat in an area, provide good locations for local parks and nature study
areas, and lend unique aesthetic character or natural diversity to an area. These isolated natural resource areas
should also be protected and preserved in their natural state whenever possible. Isolated natural resource areas in
the regional water quality management plan update study area are shown on Map 19.

Natural Areas and Critical Species Habitat Sites

Natural areas, as defined by the Wisconsin Natural Areas Preservation Council, are tracts of land or water so little
modified by human activity, or sufficiently recovered from the effects of such activity, that they contain intact

2N detailed description of the process of delineating environmental corridors in Southeastern Wisconsin is
presented in the March 1981 issue (Volume 4, No. 2) of the SEWRPC Technical Record.
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Table 29

ENVIRONMENTAL CORRIDORS AND ISOLATED NATURAL RESOURCE AREAS IN
THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 2000

Total Environmental
Primary Secondary Corridors and

Environmental Environmental Isolated Natural Isolated Natural
Corridors Corridors Resource Areas Resource Areas

Percent Percent Percent Percent

Watershed Acres of Total Acres of Total Acres of Total Acres of Total
Lake Michigan Direct Drainage ....... 2,829 0.4 68 <0.1 515 0.1 3,412 0.5
Kinnickinnic River........cccccccoeeeeiiinn, 135 <0.1 193 <0.1 115 <0.1 443 0.1
Menomonee River... 7,270 1.0 2,328 0.3 1,339 0.2 10,937 1.5
Milwaukee River .. 101,325 14.0 9,725 1.3 11,431 1.6 122,481 16.9
Oak Creek........... 691 0.1 1,163 0.2 206 <0.1 2,060 0.3
ROOt RIVES ..ot 6,045 0.8 3,593 0.5 4,199 0.6 13,837 1.9
Total 118,295 16.4 17,070 2.4 17,805 25 153,170 21.2

Source: SEWRPC.

native plant and animal communities believed to be representative of the pre-European settlement landscape.
Natural areas are classified into one of the following three categories:

1. Natural area of Statewide or greater significance (NA-1)
2. Natural area of countywide or regional significance (NA-2)

3. Natural area of local significance (NA-3)

Classification of an area into one of these three categories is based upon consideration of several factors. These
factors include the diversity of plant and animal species and community types present; the structure and integrity
of the native plant or animal community; the extent of disturbance by human activity, such as logging, grazing,
water level changes, and pollution; the commonness of the plant and animal communities present; any unique
natural features within the area; the size of the area; and the educational value. Natural areas form an element of
the wildlife habitat base of the study area.

A comprehensive inventory of natural area sites in the regional water quality management plan update study area
was completed in 1994 by area naturalists and by the Regional Planning Commission staff. It is important to note
that this inventory did not specifically include areas within Sheboygan, Fond du Lac, and Dodge Counties, except
for areas that are immediately adjacent to or shared by the northern boundaries of Ozaukee and Washington
Counties. However, as shown in Table 30 and Map 20, there are total of five and three State natural areas
identified by the WDNR Bureau of Endangered Resources within Fond du Lac and Sheboygan Counties,
respectively. As indicated in Table 30, and illustrated on Map 20, there were 187 natural area sites inventoried in
the study area that encompassed a total of about 20,700 acres, or approximately 3 percent of the study area. In
addition, the 1994 natural areas inventory also included an inventory of critical species habitat sites located in the
study area, except for areas within Sheboygan, Fond du Lac, and Dodge Counties. Critical species are those
species of plant and animals that are considered endangered, threatened, or of special concern. The majority of
critical species habitat sites are located within identified natural areas of the study area; however, a few are
located outside of the known natural areas. Table 30 identifies 47 critical species habitat sites that are outside of
the abovementioned natural area sites.

SUMMARY

The regional water quality management plan update study area is a complex of natural and man-made features
that interact to provide a changing environment for human life. Future changes in the ecosystems of the study area
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Table 30

KNOWN NATURAL AREAS AND CRITICAL SPECIES HABITAT SITES WITHIN THE
REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA: 1994

Number on Classification
Map 20 Site Name or Description Watershed Code?
Fond du Lac County
1 Crooked Lake Wetlands .............cooiiiiiiiiiei i Milwaukee River SNA
2 Milwaukee River Tamarack Lowlands & Dundee Kame..... Milwaukee River SNA
3 Haskell Noyes WO0O0dS..........cceoiiiiiiiiie e Milwaukee River SNA
4 Milwaukee River and Swamp . Milwaukee River SNA
5 Spring Lake........cccceeveveeeiinnenne .. | Milwaukee River SNA
83 Kettle Moraine Driver WOOUS...........cuieeeiiiiiiiieee e siiiiee e e e sesiieeeeee e e s Milwaukee River NA-3
1 ROOt River Canal WOOdS ..........cocuviieiee ettt Root River NA-2, CSH
2 Root River Wet-Mesic Woods-West . .. | Root River NA-2, CSH
3 RaAWSON Park WOOS ........ooiiiiiieiiiiiiee et Oak Creek NA-2
4 CUAANY WOODS ...ttt Oak Creek NA-2
5 Falk Park Woods ..........cccceevvveennns .. | Oak Creek NA-2
6 Root River Wet-Mesic W00dS-East .........cccevveeeiiiiiiiiiee e Root River NA-2, CSH
7 Greenfield Park WOOAS............ooooiiiiiiiiiiee e Menomonee River, Root River NA-2
8 St. Francis Seminary Woods .. Lake Michigan Direct Tributary NA-2
9 Warnimont Park FeNSs...........cccoceviniieeniiieeeenn. Lake Michigan Direct Tributary NA-2
10 Grobschmidt Park Wetlands and Upland Woods ... Root River NA-3
11 Root River Parkway Woo0dS.........cccccecvveerveeennnnn. Root River NA-3
12 Whitnall Park Woods-South.... Root River NA-3
13 Monastery Lake Wetlands ... Root River NA-3
14 Mission Hills Wetlands............ .. | Root River NA-3
15 Franklin (Puetz Road) WOOUS ..........ccceeiiiieiiiiieniiee e Oak Creek NA-3
16 Fitzsimmons ROad WOOUS...........ceeiiuiiieiiiee i Oak Creek, Root River NA-3
17 Oakwood Park Oak WOOAS .........ccueeiiuiieeiiieie e e ssiee e sie e see e eniee e Root River NA-3
18 Root River Parkway Prairie.. .. | Root River NA-3
19 RYAN Creek WOOAS. ......ccviiiiiiiieiicieee e Root River NA-3
20 Franklin Oak Woods and Oak Savanna ...........ccceceeeeviveeeniveesneeeesnnneens Root River NA-3
21 Elm Road Woods .. | Root River NA-3
22 Grant Park Wo0ods-SOULh ...........ccoiiiiiiiiiiei e Oak Creek, Lake Michigan Direct NA-3
Tributary
23 Grant Park Woods-Old GIroOWth............ccooiiiiiiiieiiiie e Lake Michigan Direct Tributary NA-3
24 ESch-Honadel WOOS..........cueiiiiiie et Oak Creek NA-3
25 WOOd Cre€K WOOUS. ......cciiiieeiiiieesiieeesieeesiieeesiaeeeesseeeeetaeeesneneeesnneeennnes Oak Creek NA-3
26 Wedge Woods .. | Oak Creek NA-3
27 Oak Creek LOW WOOUS........uuviieieeeiiiiiiiee ettt Oak Creek, Root River NA-3
28 Root River Riverine Forest Root River NA-3, CSH
29 Whitnall Park Woods-North .. | Root River NA-3
30 Menomonee River Swamp-SoUth.........c.cccoeiiiiiiiiiici e Menomonee River NA-3
31 Harley-DavidSon WOOAS ..........cciiuiieiiiee e siiee e seeeessiees e siee e seeeesneee s Menomonee River NA-3
32 Currie Park Low Woods............. .. | Menomonee River NA-3
33 Blue Mound Country Club WoO0dS ..........cccceiiiiiiiiiiiniieicccec e Menomonee River NA-3
34 Wil-O-WaY WOOAS ....ccuvviieiieeiiiie e iieeesiee e e siee e satee e seaeeessaaeeensneeesnsaeeennes Menomonee River NA-3
35 Jacobus Park Woods.. Menomonee River NA-3
36 Downer Woods........ Milwaukee River NA-3
37 Bradley Woods .................... Menomonee River NA-3
38 Brown Deer Park Woods..... Milwaukee River NA-3
39 Harbinger Woods............cccccoen. Menomonee River NA-3
40 Menomonee River Swamp-North .. .. | Menomonee River NA-3
41 Haskell Noyes Park WOOdS .........ccooueieiiiiiiiiiieiiee e Menomonee River NA-3
42 Schlitz Audubon Center Woods and Beach ...........cccoceeeeiieiiiiieecniieeene Lake Michigan Direct Tributary NA-3
43 KIetzSCh Park WOOUS........cccuiieiiiie e cte e eee s ennaee e Milwaukee River NA-3
44 Elm Road Woods-North.... Root River CSH
45 Meyers Woods.................. Oak Creek CSH
46 PPG Woods... .. | Root River CSH
47 Fittshur Wetland............covviiiiii e Oak Creek CSH
48 Bender Park Woods and Clay Banks ............ccccoviiiiiiiiiniice e Lake Michigan Direct Tributary CSH
49 Bender Park W0oodsS-SOUth .........c.ccciiiiriiiiee e Lake Michigan Direct Tributary CSH
50 Oak Creek Power Plant WOoO0dS..............eoiiiiiiiiiieeiiieeee e Lake Michigan Direct Tributary CSH
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Table 30 (continued)

Number on Classification
Map 20 Site Name or Description Watershed Code?
Milwaukee County (continued)
51 Warnimont Park WOOUS...........cocieiiiiiiiiiiiie e Lake Michigan Direct Tributary CSH
52 Underwood Parkway Woods .. Menomonee River CSH
53 Stadium Bluff Woods......... Menomonee River CSH
54 Cambridge Bluff Woods.......... Milwaukee River CSH
55 Brynwood Country Club Woods .. | Milwaukee River CSH
56 FOX PoiNt Clay BIUFTS ......veiiiiiie et Lake Michigan Direct Tributary CSH
Ozaukee County
1 Fairy Chasm State Natural Area..........ccooceeeiiiiieiiiee e Lake Michigan Direct Tributary NA-1, CSH
2 Kurtz Woods State Natural Area .........ccccoeoveereiiieenieeneennen. Milwaukee River NA-1
3 Riveredge Creek and Ephemeral Pond State Natural Area .. .. | Milwaukee River NA-1, CSH
4 Cedarburg Bog State Natural Ar€a...........occceeeiiiieeiiieiiniiee e Milwaukee River NA-1, CSH
5 Sapa Spruce Bog State Natural Area.........ccceeveeeeiiveeeiiiieeesiieeesiee e Milwaukee River NA-1
6 Cedarburg Beech Woods State Natural Area.. .. | Milwaukee River NA-2, CSH
7 Pigeon Creek Low and MeSiC WOOUS.........ccooueieiiieiiniiiieiiiee e Milwaukee River NA-2
8 DONGES BAY GOIJE ....ccuiviiiiiiiie ittt Lake Michigan Direct Tributary NA-2, CSH
9 Milwaukee River Mesic Woods.. .. | Milwaukee River NA-2
10 DUCK’S LIMIted BOG .. cceiuevieeiiiiie ittt ettt Milwaukee River NA-2
11 Riveredge MeSiC WOOUS........ccoiiiieiiiiie it eieee e eeee s Milwaukee River NA-2, CSH
12 Kinnamon Conifer Swamp... .. | Milwaukee River NA-2
13 South CONIfEr SWaAMP......eoiiiiii e Milwaukee River NA-2
14 MAX'S BOQ ...t Milwaukee River NA-2
15 Huiras Lake Woods and Bog.. .. | Milwaukee River NA-2
16 JANIK'S WOOAS.......eeiiiitie ettt ettt e e e e e Milwaukee River NA-2
18 Highland Road WOOS...........ccciiiiiiiiiiicicciee e Milwaukee River NA-3
19 Pigeon Creek Maple Woods .. | Milwaukee River NA-3
20 Solar Heights LOW WOOAS .......coouiiiiiiieiiiiie i Menomonee River NA-3
21 THPIE WOOAS......coiieiiiieieec et Menomonee River NA-3
22 Ville de Parc Riverine Forest.. Milwaukee River NA-3
23 Mequon Wetland..................... Milwaukee River NA-3
24 Mole Creek Swamp .......... Milwaukee River NA-3
25 Cedar-Sauk Low Woods... Milwaukee River NA-3
26 Grafton Woods.................. Milwaukee River NA-3
27 Sherman Road Woods ..... Milwaukee River NA-3
28 Five Corners Swamp........ Milwaukee River NA-3
29 Cedar Creek Forest....... Milwaukee River NA-3
30 Cedar Heights Gorge...... Lake Michigan Direct Tributary NA-3
31 Lions Den Gorge......... Lake Michigan Direct Tributary NA-3
32 Ulao Lowland Forest...... .. | Milwaukee River NA-3
33 Hanson’ Lake Wetland............oooiiiiiiie e Milwaukee River NA-3
34 [N 10] [\ eToTe I = JoT= Vo I =To o SRR Milwaukee River NA-3
35 Hawthorne Drive Forest.... .. | Milwaukee River NA-3
36 Spring Lake Marsh.........cccoiiiiiiiiiiiie e Milwaukee River NA-3
37 Spring Lake BEECh FOreSt.........viuiiiieiiiie it Milwaukee River NA-3
38 County Line Low Woods .. | Milwaukee River NA-3
39 BEEKEEPET BOQ ...ttt Milwaukee River NA-3
40 Department of Natural Resources Lowlands.........ccccoccveevivveenieeecninnens Milwaukee River NA-3
41 Pioneer Road Lowlands .. | Milwaukee River NA-3
42 Cedar Valley SWamMP .....cccviiiiiiiieiieeiee et Milwaukee River NA-3
43 Evergreen ROAd BOg .......uviiiiieiiiiie it Milwaukee River NA-3
44 Kohler Road Woods .. | Milwaukee River NA-3
45 Waubeka LOW WOOUS.........ueeiiiiieeiiiieesiiee ettt e seee e sneee e Milwaukee River NA-3
49 SEAUSS WOOUS. ...ttt Menomonee River CSH
50 Pecard Sedge Meadow .... .. | Milwaukee River CSH
51 Eastbrook ROAA WOOAS..........coiiiiiiiiiiie et Milwaukee River CSH
52 Cedarburg ROAA WEST........ccoiiiie i Milwaukee River CSH
53 Cedar-Sauk Upland WoOdS...........c.eeiiiiieiiieeiiee e Milwaukee River CSH
Racine County
1 ROOt River Canal WOOAS .........coocuviiiiiiieiiiiee ittt Root River NA-2, CSH
3 Renak-Polak Maple-Beech Woods State Natural Area... .. | Root River NA-1, CSH
4 Kansasville Railroad Prairie............coceeiieiiiiiiiiiieeeee e Root River NA-1
5 Franksville Railroad Prairie...........ccoouiieiiiiiiiieeee e Root River NA-1
6 Root River Wet-Mesic W00dS-East ..........cccoovuiieiiiiiiiiiieieeece e Root River NA-2, CSH
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Table 30 (continued)

Number on Classification
Map 20 Site Name or Description Watershed Code?
Racine County (continued)
13 Union Grove Railroad Praifie..........c.coeieiieiieniiiene e Root River NA-2
20 County Line RIVEring WOOS ...........cooiuiiiiiiiieiiiee e Root River NA-2
21 HUNES WOOS ...ttt Root River NA-2
22 Caledonia Wildlife Area .. | Root River NA-2, CSH
23 Cliffside Park Woods and Clay Banks ...........ccccceeviiieiiiiiiiniec e Root River NA-2, CSH
28 ROOt RiVer RIVEINNE FOMeSt ......ccouiiiiiiiiciiiie et Root River NA-3, CSH
39 Ives Grove Woods .. | Root River NA-3
40 Sylvania Railroad Praifie ...........coocuviiiiiiiiiiieeeieee e Root River NA-3
46 KIMMEI WOOAS. ...t Root River NA-3
a7 Seven Mile Road Woods .. | Root River NA-3
48 ZIrDES WOOGS. ...ttt Root River NA-3
49 Caledonia LOW WOOAS........ccoiiiiiiiie ettt Root River NA-3
50 Foley Road Woods-West Root River NA-3
51 Foley Road Woods-East...... .. | Root River NA-3
52 TaDOE WOOUS ...ttt et Lake Michigan Direct Tributary, NA-3
Root River
53 Power Plant RAVINE WOOAS ..........ccoiiiieiiiiieiiiie e Lake Michigan Direct Tributary NA-3
59 Ives Grove Prairie Remnant ... Root River CSH
62 Washington Park Woods...... Root River CSH
68 Sherwood Property.............. Root River CSH
69 River Meadow Woods.... Root River CSH
70 Forked Aster Site Root River CSH
71 Caledonia Sanitary Sewer Right-of-Way ... Root River CSH
72 Caledonia Site South...........ccccceeiiieeennnen. Root River CSH
73 Root River Bluff.............. Root River CSH
74 Hoods Creek Swamp.. .. | Root River CSH
75 BreakerS WOOAS ........coiiuiiiiiiee ittt eneee s Lake Michigan Direct Tributary CSH
76 DOMINICAN RAVINE. ... .oiiiiiiiiieitie et Lake Michigan Direct Tributary CSH
7 Wind Point Lake Michigan Direct Tributary CSH
78 North Bay Ravine and BEaCh ...........ccccooiiiiiiiiiiiiiiie e Lake Michigan Direct Tributary CSH
79 Four Mile ROAA WOOUS ..........ooiiiiiiiiieiiciice e Root River CSH
80 Caledonia Low Woods .. | Root River CSH
81 River Bend Upland WOOS ...........cooiiiiiiiiiieiieeeeee e Root River CSH
82 ROOt RIVEr Strip WOOAS ........ooiiiiiiiiiieieccc e Root River CSH
86 Cliffside Park Old Fields ...........coooiiiiiiiiieiiieeciee e Lake Michigan Direct Tributary CSH
Sheboygan County
1 Butler Lake FIYNN'S SPring........cocuiioiiiiiiiie e Milwaukee River SNA
2 JONNSON Hill KAME ... et Milwaukee River SNA
3 Kettle HOIE WOOAS .......coieiiiiiiiieiiee e Milwaukee River SNA
38 County LINE LOW WOOUS.......cuuiiiiiiieiiiiee ettt Milwaukee River NA-3
Washington County
1 Kewaskum Maple-Oak Woods State Natural Area............cccceeveerneennene Milwaukee River NA-1, CSH
3 Germantown SWampP .......cooccvveveeeeeeeniniieeneeeennnens Menomonee River NA-1
5 Paradise Lake FeN.........ccccoiiiiiiiiiie e Milwaukee River NA-1
6 Milwaukee River Floodplain Forest State Natural Area... .. | Milwaukee River NA-1
7 Smith Lake and Wetlands............cocveoiiniiiiieiieecsieee e Milwaukee River NA-1
15 MU LEKE SWAMP ...ttt ettt nee s Milwaukee River NA-2
16 Big Cedar Lake Bog. .. | Milwaukee River NA-2
19 JACKSON SWAMP ... .tiiiiiiiie sttt e e see e ste e e sate e e snaa e e e nsaeeesnsaeeesnsaeeessneeeanes Milwaukee River NA-2, CSH
21 Lac Lawrann Conservancy Upland Woods and Wetlands ...................... Milwaukee River NA-2
22 Blue Hills WOOUS.........cccuvieiiee e .. | Milwaukee River NA-2, CSH
23 Silverbrook Lake WOOMS. ........ccoeeiiiiiiiiiieiiesee s Milwaukee River NA-2
24 Gilbert Lake Tamarack SWamp .......ccooceiiiiiiiiiiee e Milwaukee River NA-2, CSH
25 Hacker Road Bog .. | Milwaukee River NA-2
26 MULH WOOTS. ...t Milwaukee River NA-2
27 Little Cedar Lake Wetlands ...........coovueioiiiiiiiee e Milwaukee River NA-2
28 Schoenbeck Woods .. | Milwaukee River NA-2
29 22T (T =T o SRS S Milwaukee River NA-2
30 ReiNartz Cedar SWaMP ......ooiiiiiiee et Milwaukee River NA-2
31 Wayne Swamp............ccec.... Milwaukee River NA-2
32 Kettle Moraine Drive Bog Milwaukee River NA-2
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Table 30 (continued)

Number on Classification
Map 20 Site Name or Description Watershed Code?
Washington County (continued)
33 Glacial Trail FOrESt.......uiiiiiiiiiiie et Milwaukee River NA-2, CSH
34 St. MIiChAel's WOOAS .......coiiiiiiiiiiiie ettt Milwaukee River NA-2, CSH
35 North Branch Woods .. .. | Milwaukee River NA-2
36 MYFa WEHIANGS ..ot Milwaukee River NA-2
49 Faber-Pribyl WOOdS ..........cooiiiiiie e Menomonee River NA-3
50 Hoelz Swamp .. | Menomonee River NA-3
51 LaKe Park SWaMIP.......coiuiiiiiiieeiiii ettt Menomonee River NA-3
52 SCOESSOW WOOUS ...ttt ettt Menomonee River NA-3
53 USH 41 Swamp .... Menomonee River NA-3, CSH
54 Kleinman Swamp.. Menomonee River NA-3
59 Mueller Woods............... Milwaukee River NA-3, CSH
60 Slinger Upland Woods... Milwaukee River NA-3
62 Kowalske Swamp ............. Milwaukee River NA-3
63 Sherman Road Swamp .... Milwaukee River NA-3
65 Newark Road Wetland...... Milwaukee River NA-3
66 Sunset Park Wetlands...... Milwaukee River NA-3
67 Albecker Park Wetlands ... Milwaukee River NA-3
68 Silver Creek Marsh........... Milwaukee River NA-3
69 university Fen........ccoceviieinieeinen. Milwaukee River NA-3
70 CTH Z Upland Woods and Wetlands ..... Milwaukee River NA-3
71 Ziegler WoOods........c.ccovveeiveenicniieiene Milwaukee River NA-3
72 Sandy Knoll Swamp.... .. | Milwaukee River NA-3
73 Sandy Knoll Wetlands. ...........oooiiiriiiiieie et Milwaukee River NA-3
74 Poplar Road Lacustring FOrest...........ccovvvivieniiniiciiceiec e Milwaukee River NA-3
75 Fellenz Hardwood Swamp .. | Milwaukee River NA-3
76 Paradise Drive Tamarack SWamp .........cocceeriiieeiiiiieeiiee e Milwaukee River NA-3
77 Camp Wowitan Wetlands ...........coceeiiiiiiiiiiieccecec e Milwaukee River NA-3
78 Schalla Tamarack Swamp... .. | Milwaukee River NA-3
81 STOCKCAr SWAMP ..ttt ettt ae e e be e e enbeaeaas Milwaukee River NA-3, CSH
83 Kettle Moraine Drive WOOOS ...........cocuiiiiiiiiiniiiiiesiee et Milwaukee River NA-3
84 STH 28 Woods .. | Milwaukee River NA-3
85 SMIth LAKE SWaMP ...eeiiiiiieiiiie ettt ettt e e e s sinea e Milwaukee River NA-3
86 Lange HardWOOdS ..........c.ccouiiiiieniiiiieieceee s Milwaukee River NA-3
87 Wildwood Hardwood Swamp.. .. | Milwaukee River NA-3
88 Milwaukee RIVEN SWaMIP ...cocuviiiiiiiiaiiiee et Milwaukee River NA-3
89 Lizard Mound WOOS.........ccooriiiiiiiiieiic e Milwaukee River NA-3
90 Green Lake Bog Milwaukee River NA-3
91 Jackson Woods Milwaukee River CSH
94 RIESCH WOOS. ...ttt Milwaukee River CSH
95 Silver Lake Swamp.. Milwaukee River CSH
96 Cameron Property ... Milwaukee River CSH
97 Fechters Woods.... Milwaukee River CSH
98 High School Woods. Milwaukee River CSH
101 Silver Lake............ .. | Milwaukee River CSH
102 GIHIDEIE LAKE ... Milwaukee River CSH
33 ZION WOODS.... .ottt Menomonee River NA-2
35 Held Maple Woods .. | Menomonee River NA-2, CSH
36 Menomonee Falls Tamarack SWamp ......cccccovuvreiiieeenceee e Menomonee River NA-2, CSH
39 Harbinger WOOAS........coouiiiiiiiee ettt Menomonee River NA-3
40 Menomonee River Swamp - North .. | Menomonee River NA-3
51 Luther Park Cemetery Praili€ ..........cccveevcieeeiiiee e eeee e siee e seee s Root River NA-3
83 WIPth SWAIMP ... Menomonee River NA-3
84 Bishops Woods. .. | Menomonee River NA-3
85 Brookfield SWamMP.......ccccveiiiiie i see e e see et e e Menomonee River NA-3
99 Menomonee RIVEr SWAIMP .....ccoiiiiiiiiieeiiite e Menomonee River NA-3
100 Theater Swamp .. | Menomonee River NA-3
101 ClArkS WOOAS ..ottt Menomonee River NA-3
118 EIm Grove Road PONd..........coooiiiiiiiiiiiieee e Menomonee River CSH
120 Glass-Glick Woods .. | Menomonee River CSH
121 [ [T Vo [T Vo T o LSRN Menomonee River CSH
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Table 30 Footnotes

NOTE: Identification numbers are those that were assigned for SEWRPC Planning Report No. 42, A Regional Natural Resources and
Critical Species Habitat Protection and Management Plan for Southeastern Wisconsin, September 1997.

aNA-1 identifies Natural Area sites of statewide or greater significance
NA-2 identifies Natural Area sites of countywide or regional significance
NA-3 identifies Natural Area sites of local significance
SNA, or State Natural Area, identifies those sites officially designated as State Natural Areas by the State of Wisconsin Natural Areas
Preservation Council
CSH identifies a critical plant and/or bird species habitat site.

Source: Wisconsin Department of Natural Resources and SEWRPC.

and the favorable or unfavorable impact of those changes on the quality of life within the study area will largely
be determined by human actions. The regional water quality management plan update rationally directs those
actions so as to affect favorably the overall quality of life in the study area. This chapter describes the man-made
features and natural resource base of the study area, thereby establishing a factual base upon which the regional
water quality management plan update process was built.

The 1,127-square-mile regional water quality management plan update study area consists of the Kinnickinnic
River, Menomonee River, Milwaukee River, Oak Creek, and Root River watersheds along with lands directly
tributary to Lake Michigan, the Milwaukee Harbor Estuary, and the nearshore Lake Michigan Area. The study
area encompasses nine counties, 18 cities, 32 villages, and 38 towns.

The 2000 resident population of the study area was approximately 1,281,000 persons. This represented a decrease
from the approximately 1,323,000 persons residing in the study area in 1970. While population has declined in the
study area since 1970, the number of households has increased. In 2000, total employment in the study area was
about 829,000.

In 2000, urban land uses encompassed about 367 square miles, or 33 percent of the study area. Areas considered
“nonurban” under the land use inventory include agricultural lands, wetlands, woodlands, extractive, and unused
rural lands, and encompassed about 760 square miles or 67 percent of the study area. Since 1980, conversion of
land from rural to urban uses has been occurring at a rate of about 1,600 acres per year.

The public utility base of the study area most applicable to the regional water quality management plan update
includes sanitary sewerage, water supply, and stormwater management systems, as well as solid waste landfills.
Approximately 95 percent of the resident population is served by sanitary sewer systems. These systems include
17 public and three private sewage treatment plants within the study area. In addition, some residents of the study
area are served by sewage treatment plants that are located and that discharge outside of the study area.
Approximately 90 percent of the resident population is served by public water supply systems.

The study area experiences a typical Midwestern climate with an average annual precipitation of 32.20 inches and
average annual temperature of 45.7 degrees Fahrenheit. The physiography, topography, and soils of the study area
have largely been determined by the underlying bedrock and overlying glacial deposits. This contributes to a
complex surface drainage pattern with respect to channel cross-sectional shape, channel slope, degree of stream
sinuosity, and floodland shape and width. The heterogeneous character of the surface drainage system is due
partly to the natural effect of glaciation superimposed on the bedrock and partly to channel modifications and
other results of urbanization in the study area. About 1,010 miles of mapped streams drain the study area.

The groundwater system in the study area consists of a shallow and deep aquifer system, with the shallow aquifer
being directly connected to the surface water system. Thus, it is important to consider groundwater resources as
an important component of the regional water quality management plan update. Because of its largely rural
character, along with a mix of urbanized areas and the presence of important environmentally sensitive areas, the
study area continues to support diverse fish and wildlife resources. The environmental corridors and isolated
natural resource areas encompass about 240 square miles, or about 21 percent of the study area.
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Chapter |11

EXISTING AND HISTORICAL SURFACE WATER
AND GROUNDWATER CONDITIONS

INTRODUCTION

A basic premise of the Commission water quality management planning is that the human activities within a
watershed affect, and are affected by, surface and groundwater quality conditions. This is especially true in the
urban and urbanizing areas of the greater Milwaukee watersheds where the effects of human activities on water
quality tend to overshadow natural influences. The hydrologic cycle provides the principal linkage between
human activities and the quality of surface and ground waters in that the cycle transports potential pollutants from
human activities to the environment and from the environment into the sphere of human activities.

Comprehensive water quality planning efforts such as the regional water quality management plan update should
include an evaluation of historical, present, and anticipated water quality conditions and the relationship of those
conditions to existing and probable future land and water uses. The purpose of this chapter is to summarize the
available information as to the extent to which surface waters and ground waters in the greater Milwaukee
watershed have been and are polluted. More specifically, this chapter summarizes current water pollution
problems in the watersheds utilizing field data from a variety of water quality studies, most of which were
conducted during the past three decades. The information summarized herein provides an important basis for
development and testing of the alternative water quality control plan elements presented in Chapter IX of this
report. More-detailed information on surface and groundwater conditions in the greater Milwaukee watersheds is
presented in SEWRPC Technical Report No. 39, Water Quality and Sources of Pollution in the Greater
Milwaukee Watersheds, which is a companion report to this water quality plan.

QUANTITY OF SURFACE WATER

Since 1975, measurements of discharge have been taken at a number of locations along streams in the greater
Milwaukee watersheds. The period of record for many of these stations is rather short, with data collection
occurring over periods ranging from several months to a few years. Some stations have longer periods of record.

Figure 10 compares discharge during the baseline period to historical conditions on a monthly basis at several
gauges along the mainstems of major rivers and streams.” As shown in the legend of the figure, the background of

The baseline period used for the Kinnickinnic River, Menomonee River, and Oak Creek watersheds was 1998-
2001. As this study progressed, data became available and were incorporated into the analyses. Because of this,
the baseline period used for the Milwaukee River and Root River watersheds was 1998-2004. Those baseline
periods adequately represent conditions in the study area and the MMSD planning area following the
construction of major MMSD sewerage system facilities, including the Inline Storage System.
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Figure 10

HISTORICAL AND BASE PERIOD FLOW IN STREAMS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-2004

Kinnickinnic River at S. 11th Street, Milwaukee
(RM 3.2) USGS Station 4087159
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Figure 10 (continued)

Oak Creek at 15th Avenue, South Milwaukee (RM 2.8)
USGS Station 4087204
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Root River at Racine (RM 5.9)
USGS Station 4087240
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Root River near Franklin (RM 28.0)
USGS Station 4087220
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NOTE: Because of differences in data availability, the periods of record differ among these streams. For the Menomonee and Kinnickinnic
Rivers and Oak Creek, the period of record was 1975-2001. For the Milwaukee and Root Rivers, the period of record was 1975-2004.

Source: U.S. Geological Survey and SEWRPC.

the graph summarizes the historical conditions. The white area in the graphs shows the range of values observed
during the period 1975-1997. The upper and lower boundaries between the white and gray areas show historical
maxima and minima, respectively. A blue background indicates months for which no historical data were
available. The dashed black line plots monthly mean discharge for the historical period. Overlaid on this
background is a summary of baseline conditions from the period since 1998. The black dots show monthly mean
discharge for that period. The black bars show the monthly ranges of discharge for the same period.

Similar annual patterns are seen in mean discharge at several sites during the historical period. Mean monthly
streamflow tended to reach a low point during the winter. At most stations, this occurred during January. Mean
monthly discharge rose from this low point to a peak in March or April associated with spring snowmelt and
rains. It then declined slightly through the spring and summer. At some stations, discharge declined more rapidly
through the autumn to the winter minimum. At other stations, discharge increased slightly during the fall to a peak
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in December. Considerable variability was associated with these patterns, but some of this variability is more
likely attributed to sampling conditions rather than actual changes in discharge.

The pattern of discharge observed during the baseline period since 1998 shows both similarities and differences
from this historical pattern. At most stations, baseline period discharge was generally within historical ranges.
There was one major exception to this. During winter and spring months, monthly maximum discharges during
the baseline period were higher than the historical monthly maxima at the station at Jones Island along the
Milwaukee River. This may reflect the small amount of historical data available at this station. The pattern
observed during the baseline period showed the following three differences from the pattern observed during the
historical period.

. At most stations the low point in monthly mean discharge appears to have shifted such that it
occurred in the month of December during the baseline period.

. Baseline period streamflow in Oak Creek was higher than that seen during the historical period.
While the range of baseline period streamflow was generally within historical ranges, during most
months mean streamflow during the baseline period was higher than mean streamflow during the
historical period. Monthly minimum streamflow during most months of the baseline period was
higher than the historical monthly minima, in some months by about a factor of eight. In June and
July, monthly maximum streamflows during the base period were higher than historical maxima.
These trends suggest that baseflow has increased in Oak Creek.

o During the baseline period monthly mean discharge at stations along the Kinnickinnic, Menomonee,
and Root Rivers during the late spring and early summer was higher then historical means. This was
not observed at most stations along the mainstem of the Milwaukee River.

In order to estimate the relative contributions of discharge from the Kinnickinnic, Menomonee, and Milwaukee
Rivers to the harbor, flow fractions were calculated for the S. 11th Street station along the Kinnickinnic River, the
N. 70th Street station along the Menomonee River, and the Estabrook Park station along the Milwaukee River
relative to the discharge at the Jones Island station near the mouth of the Milwaukee River using the procedure
described in Chapter 111 of SEWRPC Technical Report No. 39. Several generalizations emerge from this analysis:

. The Milwaukee River is the dominant source of discharge to the harbor. Median discharge at the gage
at Estabrook Park represents about 75 percent of the median discharge at Jones Island.

. The Menomonee River accounts for much of the remaining discharge into the harbor. Median
discharge at the gage at N. 70th Street represents slightly more than 13 percent of the median
discharge at Jones Island.

. The Kinnickinnic River contributes only a small portion of the discharge entering the harbor. Median
discharge at S. 11th Street represents less than 3 percent of the median discharge at Jones Island.

. About 9 percent of the discharge at the gage at Jones Island is not accounted for by discharge at the
gages on the three Rivers. This represents contributions entering the Rivers between their respective
gages and the Jones Island gage and contributions from at least one tributary, Woods Creek, as well
as direct runoff.

An additional aspect of water quantity is the level of water in Lake Michigan. Water levels in the Lake undergo a
seasonal cycle, rising from February to July and falling during the rest of the year. The seasonal rise from
February to July reflects the pattern of higher runoff and lower evaporation during that period in comparison to
the remainder of the year. In a typical one-year period, the range in average monthly Lake Michigan levels may
be expected to be about 0.3 meters. While longer period fluctuations have been observed in Lake Michigan, there
appears to be a general lowering in lake level since the early 1970s. Large declines in lake level were observed
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following the maximum levels achieved in 1986 and 1997. In fact, the decline since 1997 is the largest drop
observed since records have consistently been kept, beginning in 1860. It is not clear whether the current decline
represents a long-term trend or reflects an additional fluctuation.” The long-term average Lake Michigan level,
based on data collected from 1918 into 2006 is about 176.45 meters above International Great Lakes Datum of
1985 (IGLD85), or 578.90 feet above IGLD85, or 579.43 feet above National Geodetic Vertical Datum, 1929
adjustment. Daily average lake levels have been below that long-term average since early in 1999.

SURFACE WATER QUALITY CONDITIONS IN THE
GREATER MILWAUKEE WATERSHEDS: 1975-2004

Water Quality of Streams

The earliest systematic collection of water quality data in streams of the greater Milwaukee watersheds occurred
in the 1960s.> Data collection after that was sporadic until the 1970s. Since then, considerable data have been
collected, especially on the mainstems of the major rivers and streams. The major sources of data include the
Milwaukee Metropolitan Sewerage District (MMSD), the Wisconsin Department of Natural Resources (WDNR),
the U.S. Geological Survey (USGS), the Washington County Land and Water Conservation Division, the City of
Racine Health Department, the University of Wisconsin-Milwaukee, and the U.S. Environmental Protection
Agency’s (USEPA) STORET legacy and modern databases. Most of the data were obtained from sampling
stations along the mainstems of the major rivers and streams. In addition, sufficient data were available for several
tributaries to assess baseline period water quality for several water quality parameters. These tributaries are listed
in Table 31. The data record for other tributary streams in the greater Milwaukee watersheds is fragmentary.

For analytic purposes, data from four time periods were examined: 1975-1986, 1987-1993, 1994-1997, and 1998-
2001.* Bimonthly data records exist from several of MMSD’s long-term monitoring stations beginning in 1975.
After 1986, MMSD no longer conducted sampling during the winter months. In 1994, the Inline Storage System
(1SS) or Deep Tunnel came online. The remaining period since 1998 defines the baseline water quality conditions
of the river systems.

Water quality parameters from the streams of the greater Milwaukee watersheds were examined for the presence
of several different types of trends: changes along the length of the stream, changes at individual sampling
stations over time, and seasonal changes throughout the year. Changes over time were assessed both on an annual
and a seasonal basis. In addition, for the mainstems of the Kinnickinnic, Menomonee, and Milwaukee Rivers,
differences between average values from sampling stations located in upstream areas and the average values of
parameters from sampling stations in the Milwaukee River estuary were assessed using analysis of variance
(ANOVA). Data were log-transformed for some parameters, in order to meet the normal distribution assumption
of ANOVA. Maps 21 through 26 and Table 31 show the 42 sampling stations along the mainstems of the major
rivers and streams, designated by their River Mile locations, which had sufficiently long periods of sampling to be
used for these analyses. Where sufficient data were available, water quality parameters from tributary streams
were examined for the presence of trends. It is important to note that only limited data were available to assess
baseline water quality conditions for tributary streams.

2Additional, detailed information on historical Lake Michigan levels is set forth in SEWRPC Technical Record,
Volume 4, No. 5, December 1989.

3SEWRPC Technical Report No. 4, Water Quality and Flow of Streams in Southeastern Wisconsin, April 1964.

*The baseline period used for the Kinnickinnic River, Menomonee River, and Oak Creek watersheds was 1998-
2001. As this study progressed, data became available and were incorporated into the analyses. Because of this,
the baseline period used for the Milwaukee River and Root River watersheds was 1998-2004 and the baseline
period used for streams of the Lake Michigan direct drainage area was 2002-2005.
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Table 31

SAMPLE SITES USED FOR ANALYSIS OF WATER QUALITY TRENDS
IN THE STREAMS OF THE GREATER MILWAUKEE WATERSHEDS

Location River Mile Period of Record Data Sources
Kinnickinnic River Watershed
Wilson Park Creek Outfall at General
Mitchell International Airport...........ccceevvveeniieeiiiie e 5.122 1996-2001 USEPA, USGS
Wilson Park Creek Infall at General Mitchell
International Airport near Grange Avenue...........cccoceeuenne 3.632 1996-2001 USEPA, USGS
Wilson Park Creek at St. Luke’s Hospital ...........ccccceevvernenne 0.032 1996-2001 USEPA, USGS
Kinnickinnic River at S. 27th Street 4.90P 1981-2001 MMSD, USGS
Kinnickinnic River at S. 11th Street 3.200 1983-2001 USGS
Kinnickinnic River at S. 7th Street............cocooiiieiiiciene, 2.800 1975-2001 MMSD, USEPA, USGS
Kinnickinnic River at S. 1st Street...........cccocovevieiiiiennnn, 1.400 1980-2001 MMSD, USGS
Kinnickinnic River at Greenfield Avenue (extended)............. 0.600 1982-2001 MMSD
Kinnickinnic River at the Jones Island ferry .......................... 0.20° 1982-2001 MMSD
Menomonee River Watershed
Menomonee River at N. County Line Road ............ccccveevnne 23.50P 1964-1975, 1982-2001 MMSD, SEWRPC
Menomonee River at N. 124th Street ........ 13.50b 1985-2001 MMSD, USEPA, USGS
Menomonee River at W. Hampton Avenue 12.50P 1985-2001 MMSD
Menomonee River at N. 70th Street .......... . 8.00b 1964-2001 MMSD, SEWRPC, USEPA, USGS
Menomonee River at N. 25th Street .........cccoccveeviiieiiiieennns 1.80b 1984-2001 MMSD
Menomonee River at Muskego Avenue.............cccceecveeeens 0.90P 1975-2001 MMSD, USEPA
Menomonee River at Burnham Canal.............ccoocvveveeeennnns 0.80b 1992-2001 MMSD
Menomonee River at S. 2nd Street.........ccccceveeeiiiiiiiieeeenens 0.00b 1980-2001 MMSD
Milwaukee River Watershed
West Branch Milwaukee River at Drumlin
Drive near LOMira.........ccccevveeiiiiiiinneeennnns 15.90P 1998-1999, 2001 USEPA, USGS
Kewaskum Creek at USH 45 at Kewaskum.. 0.100 1998-1998 USEPA, USGS
Parnell Creek near DUNAEE ............covvvvvevvveeeeeeeiieiieeeeeeveeannnns 0.75¢ 1996-1997, 2001-2002 USGS
East Branch Milwaukee River at New Fane...........ccccccceeee.. 5.71b 1993, 1995, 2004 USEPA, USGS, WDNR
Quaas Creek upstream of Decorah Road
Near WeSt BENG..........oovvvvvviiiiiiiiieiieeieieveeeveeevvesssesssesssennanns 0.52b 2000-2003 UW-Milwaukee, Washington
County Land and Water
Conservation Division
Quaas Creek at Decorah Road near West Bend..... 0.32b 1998-1999 USEPA, USGS
Batavia Creek Near Batavia..............cccccvvevveevieenns . 0.10d 1993-1994, 1998-1999 USEPA, USGS
North Branch Milwaukee River near Random Lake.............. 10.09b 1992-1995, 2001-2002 USGS
North Branch Milwaukee River near Fillmore..............ccccevuu. 2.22b 2004 USGS
Polk Springs Creek downstream of
CTH Z near JACKSON ........cooeviieiiiiiiiiiiiiiieeeieevveevvevvvevvvaavaans 2.25€ 1998-2001, 2003-2004 USEPA, USGS, Washington
County Land and Water
Conservation Division
Cedar Creek at STH 60 near Cedarburg ...... 6.779 1970, 1973-1987, 1990-2004 | USGS, WDNR
Cedar Creek at Columbia Road at Cedarburg.. . 4.74b 1990-1991, 1994-1995, 2001 | USGS
Cedar Creek at Highland Road at Cedarburg............ccccoc... 4.04b 1990-1991, 1994-1995, 2001 | USGS
Southbranch Creek at W. Bradley Road...............cccccoeeeiens 1.45P 1999-2002 MMSD
Southbranch Creek at N. 55th Street..........ccccccvveeviiiiiienenn. 1.25b 1999-2002 MMSD
Southbranch Creek at N. 47th Street..........ccccvvvveeiiiiiieenenn. 0.75b 1999-2002 MMSD
Southbranch Creek at N. Teutonia Avenue ...........c.cccccuveene 0.200 1999-2002 MMSD
Lincoln Creek at N. 60th Street.........ccccvviieniieeiiiiieiiieeis 8.420 1997-2002 MMSD
Lincoln Creek at N. 51st Street.. 6.92b 1997-2002 MMSD
Lincoln Creek at N. 55th Street.. 5.860 1997-2002 MMSD
Lincoln Creek at N. 47th Street............... 3.330 1992-2004 MMSD, USEPA, USGS, WDNR
Lincoln Creek at N. Sherman Boulevard..............cccceeevveeenns 3.03P 2003-2004 USGS
Lincoln Creek at N. Green Bay AVENUE. ..........ccceeeveeiiieninennns 0.420 1997-2002 MMSD
Milwaukee River above Dam at Kewaskum.............ccccceeeenne 78.10f 2004 USGS
Milwaukee River at CTH M near Newburg............cccccceenens 57.70f 2004 USGS
Milwaukee River at Waubeka ............ccccovvveeinnennns 45.44f 2004 USGS
Milwaukee River at Pioneer Road near Cedarburg. 26.25f 1981-2004 MMSD, USEPA, USGS, WDNR
Milwaukee River at W. Brown Deer Road............... . 14.99f 1975, 1981-2002 MMSD, USEPA
Milwaukee River at W. Silver Spring Drive.........cccccceevivvennnnns 8.49f 1975, 1976, 1981-2002 MMSD, USEPA
Milwaukee River at N. Port Washington Road...................... 6.91f 1975, 1981-2002 MMSD
Milwaukee River at Estabrook Park................eeeevvvvvvvveveeennnns 6.65f 1971-2004 USEPA, USGS, WDNR
Milwaukee River at North Avenue Dam..........ccccccevvvvvvvvevnnns 3.10f 1975-1976, 1979-2002 MMSD, USEPA, USGS
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Table 31 (continued)

Location River Mile Period of Record Data Sources
Milwaukee River Watershed (continued)
Milwaukee River at Walnut Street.. 2.25f 1975, 1980-2002 MMSD
Milwaukee River at E. Wells Street... . 1.41f 1975, 1980-2002 MMSD, USEPA
Milwaukee River at N. Water Stre€t...........eevvevvvvvvvevvveeveennnnns 0.78f 1975, 1980-2002 MMSD
Milwaukee River at Union Pacific Railroad
(formerly Chicago & Northwestern Railway)...................... 0.44f 1975, 1982-2002 MMSD
Oak Creek Watershed
Mitchell Field Drainage Ditch at W. College Avenue............. 1.809 1998-2001 USEPA, USGS
North Branch of Oak Creek at W. Puetz Road........ 0.909 1975-1976, 1990, 1996 USEPA
Oak Creek at W. Ryan Road .. 10.10f 1985-2001 MMSD
Oak Creek at STH 38 ................ . 9.10f 1985-2001 MMSD
Oak Creek at Forest Hill Road...........c.ccveevveeiniiieniiec e 6.30f 1985-2001 MMSD
Oak Creek at S. Pennsylvania Avenue............ccccoeeveeinneeens 4.70f 1975-1976, 1985-2001 MMSD, USEPA
Oak Creek at 15th AVENUE..........cccvveiiiiiieiiiee e 2.80f 1972-1982, 1984-2001, 2004 | MMSD, USGS
Oak Creek at Oak Creek Parkway east of STH 32............... 1.00f 1985-2001 MMSD
Oak Creek at Oak Creek Parkway east of S. Lake Drive...... 0.30f 1995-2001 MMSD
Root River Watershed
Husher Creek at 7 1/2 Mile Road.............ccceevivveeiiiieiiieeens 0.30h 1981-1982, 1996, 2001 USEPA, USGS
Root River Canal near Franklin..... . 3.50N 1975-1981, 1985-1994, 2001 | USGS
Root River at W. Cleveland AVENUE ..........ccocvveeviiieiiiiiennins 41.50f 1999-2001 MMSD
Root River at W. National Avenue and
W. OKIahoma AVENUE ........cooviiieiiiieiiiie e 41.00f 1999-2001 MMSD
Root River at W. Cold Spring Road ..........ccccoceevveniiiiieneens 39.20f 1999-2001 MMSD
Root River at W. Grange AVENUE ..........cccceeeveeieenieesieeineenns 36.70f 1975-1976, 1981-1982, MMSD, USEPA, USGS, WDNR
1996, 1999-2001, 2004
Root River at W. Ryan Road..........c.ccoveeriiiiiinieniecieeeee 28.00f 1971-1982, 1985-1994, MMSD, USGS, WDNR
1996, 1999-2001, 2004
Root River at S. County Line Road... . 23.80f 1999-2001 MMSD
Root River at Johnson Park..............ceevvvvvvevvveivieeiieeiieenieennnn, 11.50f 1977-1983, 1986-1990, City of Racine, USEPA, WDNR
1992-2005
Root River below Horlick Dam, Racine...........c.cccoccvveviveennns 5.90f 1975-1994, 1996-1999, City of Racine, USEPA, USGS
2002, 2004-2005
Root River near MOUth..........ccecoiiiiiiiiicicec e 0.40f 1996-1997, 1999, 2004-2005 | City of Racine, USGS
Lake Michigan Direct Drainage Area
Fish Creek at W. Port Washington Road
and Kathering LAaNE ...........coovecveevecerereecieeseesssseesessenanss 1.25f 2002-2005 MMSD
Fish Creek at Broadmoor Drive
and Union Pacific RaiWay ...........ccccovvveriiieiniiieniieesieee 0.70f 2002-2005 MMSD

aRiver mile is measured as distance from the confluence with the mainstem of the Kinnickinnic River.

bRiver mile is measured as distance from the confluence with the mainstem of the Milwaukee River.

CRiver mile is measured as distance from the confluence with the East Branch Milwaukee River.

dRiver mile is measured as distance from the confluence with the North Branch Milwaukee River.

€River mile is measured as distance from the confluence with Cedar Creek.

fRiver mile is measured as distance from the confluence with Lake Michigan.

9River mile is measured as distance from the confluence with Oak Creek.

hRiver mile is measured as distance from the confluence with the mainstem of the Root River.

Source: SEWRPC.

Bacterial and Biological Parameters
Bacteria

Based on data for all of the sampling locations analyzed, median concentrations of fecal coliform bacteria in the
major streams and rivers of the greater Milwaukee watersheds during the period of record ranged from about 50 to
20,000 cells per 100 milliliters (ml). Fecal coliform counts varied over eight orders of magnitude, ranging from
less than one cell per 100 ml to over 2 million cells per 100 ml. Counts in most samples exceeded the standard
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Map 21

WATER AND SEDIMENT QUALITY MONITORING STATIONS WITHIN THE KINNICKINNIC RIVER WATERSHED: 1975-2001
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for full recreational use of 200 cells per 100 ml. In addition, in many samples the fecal coliform bacteria
concentrations in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers exceeded the
variance standard of 1,000 cells per 100 ml for the Milwaukee River estuary. Figure 11 shows that after 1994,
concentrations of fecal coliform bacteria in the estuary sections of the Menomonee River decreased relative to
concentrations in earlier periods. Similar decreases were seen after 1994 in the estuary sections of the
Kinnickinnic and Milwaukee Rivers. The occurrence of these reductions coincides with the period during which
the Inline Storage System came on line. It suggests that, since 1994, reductions in inputs from combined sewer
overflows related to use of the Inline Storage System have reduced loadings of fecal coliform bacteria into the
estuary. In the Menomonee River, this has reduced loadings of fecal coliform bacteria to the point that mean
concentrations of these bacteria in the estuary are significantly lower than the mean concentrations of these
bacteria in the sections of the River upstream of the estuary and outside of the combined sewer area.

In most of the major streams of the greater Milwaukee watersheds, variation in fecal coliform bacteria
concentration occurs along the length of the streams. Table 32 shows that there were statistically significant trends
toward concentrations of fecal coliform bacteria increasing from upstream to downstream along the portions of
the mainstems of the Menomonee and Milwaukee Rivers upstream of the estuary. By contrast, in the Root River a
statistically significant trend toward concentrations of fecal coliform decreasing from upstream to downstream
was detected. In addition, since 1994, median concentrations of fecal coliform bacteria in the estuary sections of
the Kinnickinnic, Menomonee, and Milwaukee Rivers have tended to decrease from upstream to downstream.
This may be the result of dilution effects from the influence of Lake Michigan.

A summary of time-based trends in fecal coliform bacteria concentrations is shown in Table 33. At 51 percent of
the sampling stations along the major streams and rivers of the study area, no statistically significant trends over
time were detected in fecal coliform bacteria concentrations. Significant trends toward decreasing concentrations
were detected at about 41 percent of sampling stations. Sampling stations with decreasing trends tend to occur at
stations along the Kinnickinnic, Menomonee, and Milwaukee Rivers (Table 34), especially in the estuary portions
of these Rivers. The reductions at these stations may reflect reduced loadings of fecal coliform bacteria in the
combined sewer service area related to the Inline Storage System coming online. Fecal coliform bacteria
concentrations tend to be positively correlated with concentrations of biochemical oxygen demand, especially in
the Milwaukee River estuary, and with concentrations of several nutrients including ammonia, dissolved
phosphorus, total phosphorus, and total nitrogen. These correlations may reflect the fact that these pollutants, to
some extent, share common sources and modes of transport into surface waters. Fecal coliform bacteria
concentrations are also strongly positively correlated with concentrations of E. coli reflecting the fact that E. coli
constitute a major component of fecal coliform bacteria. The long-term trends toward declining fecal coliform
bacteria concentrations at several stations represent a long-term improvement in water quality.

The MMSD began regular sampling for E. coli at some sampling stations along the Kinnickinnic, Menomonee,
Milwaukee, and Root Rivers in 2000 and at one station along Oak Creek in 2004. In addition, the City of Racine
Health Department monitors E. coli concentrations at several sites along the Root River in the City of Racine.
Concentrations of E. coli at stations along the mainstems of the major streams and rivers ranged from 0.5 cells per
100 ml to 160,000 cells per 100 ml. During the baseline period, mean concentrations of E. coli in the estuary
portion of the Milwaukee River were significantly higher than mean concentrations in the portion of the River
upstream from the estuary. Statistically significant increasing trends in E. coli concentration were detected from
upstream to downstream along the portions of the Menomonee and Milwaukee Rivers upstream from the estuary
(Table 32). Few statistically significant time-based trends were detected in E. coli concentrations (Tables 33
and 34). It is important to note that the short-term data record for E. coli precludes detection of long-term trends.
Because E. coli is a major component of fecal coliform bacteria, long-term trends in the concentration of fecal
coliform bacteria should give an indication of likely trends in E. coli concentration.

Chlorophyll-a

Concentrations of chlorophyll-a at sampling stations along the mainstems of the five major streams and rivers of
the greater Milwaukee watersheds ranged from below the limit of detection to 628.4 micrograms per liter (pg/l).
Over the period of record, the mean concentration of chlorophyll-a in the Kinnickinnic River was 8.64 ug/l, the
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Figure 11 mean concentration of chlorophyll-a in the Menomo-
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In most of the Rivers, chlorophyll-a concentrations vary along the length of the River. In Oak Creek and the Root
River and in the sections of the Menomonee and Milwaukee Rivers upstream from the estuary, there were
statistically significant trends toward chlorophyll-a concentrations increasing from upstream to downstream
(Table 32).

Table 33 shows that at most sampling stations, there was no evidence of statistically significant time-based trends
in chlorophyll-a concentration. Most of the trends that were detected were trends toward decreasing concentration
over time. These trends were observed mostly at sampling stations in the estuary portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers (Table 34). A trend toward chlorophyll-a concentration decreasing over time
was also detected at the Johnson Park station along the Root River. By contrast, statistically significant trends
toward chlorophyll-a concentration increasing over time were detected at several stations along Oak Creek.

At some stations, chlorophyll-a concentrations are positively correlated with water temperatures. Since
chlorophyll-a concentrations strongly reflect algal productivity, this correlation probably reflects the higher
growth rates that photosynthetic organisms are able to attain at higher temperatures. At some stations,
chlorophyll-a concentrations are negatively correlated with concentrations of nutrients, such as ammonia, nitrate,
and dissolved phosphorus. This reflects the role of these compounds as nutrients for algal growth. As algae grow,
they remove these compounds from the water and incorporate them into cellular material. The decrease in
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Table 32

UPSTREAM TO DOWNSTREAM TRENDS IN WATER QUALITY PARAMETERS
FROM SITES IN THE GREATER MILWAUKEE RIVER WATERSHEDS: 1975-20042

Menomonee Milwaukee
Constituent Rivera,b Riverap Oak Creek?@ Root Riverd
Bacteria and Biological
Fecal ColiformC...........cccceieieiiiecec e * ) 0 4
E. CONC .o * 1t -- 0
Chlorophyll-aC ..........coeeveveeeeeeeeeeeee e * 1+ * *
Chemical
ALKAIINITY ... ¥ L 4 0 ¥
Biochemical Oxygen DemandC - wwreereeeee: 0 t 0 *
Chloridec .................................................... + + & ¥
Dissolved OXYgEN .....cccceviiiiiiiiee e ceiiiieee e 1t L 4 1t 0
Hardness ......cocovviiieiiieiiecee e ¥ A 4 0 ¥
PH s 1+ 0 * 1+
Specific CoNdUCLANCE ........ccvveerieeriierieerieen 1+ ¥ L 4 ¥
TEMPETALUIE .....eeeeeiiiie e -- 0 * *
Suspended Material
Total Suspended Sediment............ccceevvvvvennnnen. 0 1t -- 0
Total Suspended Solids ..........ccceeevivieiiiiniinnee, ¥ 4 1 ¥
Nutrients
Ammonia® L 4 4 L 4 0
Kjeldahl NitrogenC. L 4 0 0 *
Nitrate® ..........ccoovviiriiinns 4 4 * *
NItriteC....vviiieeeeee e 2 0 1t
Organic Nitrogen©................... 2 * 0 +
Total NitrogenC.........c.cccccev..e. 2 0 +
Dissolved Phosphorus® 2 4 2 4 1 4 *
Total PhosphorusC..........ccccoeviviieiccciee, 1 0 0 *
Metals
0 1 0 --
¥ ¥ 0 0
0 4 0 \ 4
1+ 0 0 \ 4
0 0 0 ¥
0 0 0 4
Nickel® 0 A 4 0 0
ZINCC oo * * 0 2 4

NOTE: The following symbols were used:

4 Indicates a statistically significant increase from upstream to downstream.
#Indicates a statistically significant decrease from upstream to downstream.
0 Indicates that no trend was detected.

aTrends were assessed through linear regression analysis and more detailed results can be found in the corresponding
chapters of Technical Report No. 39.

bUpstream to downstream trends were assessed only in the portion of the river upstream from the Milwaukee River estuary.
CThese data were log-transformed before being entered into regression analysis.

Source: SEWRPC.

chlorophyll-a concentrations in the estuary represent an improvement in water quality. Chlorophyll-a
concentrations at some stations are negatively correlated with alkalinity. This reflects both the role of carbon
dioxide in photosynthesis and the activity of carbon dioxide dissolved in water. When carbon dioxide dissolves in
water, it combines with water to form carbonic acid. This can dissociate to release bicarbonate and carbonate ions.
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Table 33

ANNUAL TRENDS IN WATER QUALITY PARAMETERS AT SAMPLING
STATIONS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-20012

Trend (percent sampling stations)bvC

Entire Study Area

Constituent Increase Decrease No Change

Bacteria and Biological

Fecal Coliformd 8 41 51

E. €O oo 3 0 41

Chlorophyll-ad ... 8 26 62
Chemical/Physical

ALKALINITY ... 8 10 77

Biochemical Oxygen Demandd..........cccoooveevverinnn. 0 85 15

ChIOTAET.......... oo 72 0 28

DiSSOIVEd OXYGEN ....ceiniiiieiiiieeiiee et 18 18 64

Hardness.......oooiiiiiiii e 15 3 77
o1 TR 3 46 51
Specific CoONAUCLANCE .........ccuvveiiiiieiiiee e 41 8 51
Suspended Material
Total Suspended Sediment............cccocvevviiiienecnnens 0 5 15
Total Suspended Solids.........ccccoeviiiiiiiiiiiiee e 18 13 64
Nutrients
AMMoniad ..., 0 82 18
Kjeldahl Nitrogend...............cccovoeeieeeeeeeeeeeeeeee 8 26 66
NIFALET ... 38 10 52
NItFItRD. ..o 10 8 77
Organic Nitrogend. ...... 33 5 59
Total Nitrogend ............ccocovoevieeeeeeeeeeeee e 28 18 66

Dissolved Phosphorusd ............................................. 31 18 51
Total Phosphorusd............coocooovvoiiieeeceeeeee e, 16 38 46
Metals

ATSENICT oottt 0 74 5
Cadmiumd.. e 0 90 3
CRIOMIUMT ... 5 56 33

67 18 15
LEAAT .. ... 0 77 18
Mercuryd 3 41 49
Nickeld 0 49 44
ZINCH oo 64 3 28

aTrends were assessed through linear regression analysis. A trend was considered significant if the regression showed a significant slope at
P = 0.05 or less. Because MMSD stopped sampling during the winter in 1987, data from winter months are not included in the annual trend
analysis.

PTrends were assessed at five sampling stations along the Kinnickinnic River, eight sampling stations along the Menomonee River,
10 sampling stations along the Milwaukee River, seven sampling stations along Oak Creek, and nine sampling stations along the Root River.

CFor any constituent, the total percentage of sampling stations assessed along a river may not add up to 100 percent because data at some
sampling stations were insufficient for assessing time-based trends.

dThese data were log-transformed before being entered into regression analysis.

Source: SEWRPC.

Alkalinity is a measure of these forms of inorganic carbon in water. During photosynthesis algae and plants
remove carbon dioxide from the water, reducing alkalinity.

The trends toward decreasing chlorophyll-a concentrations at sampling stations in the estuary portions of the
Kinnickinnic, Menomonee, and Milwaukee Rivers and at Johnson Park along the Root River represent
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Table 34
ANNUAL TRENDS IN WATER QUALITY PARAMETERS AT SAMPLING STATIONS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-20012

Trend (percent sampling stations)b'c
Kinnickinnic River Menomonee River Milwaukee River Oak Creek Root River
No No No No No
Constituent Increase Decrease Change Increase Decrease Change Increase Decrease Change Increase Decrease Change Increase Decrease Change
Bacteria and Biological
Fecal Coliformd.. 0 80 20 12 50 38 0 70 30 14 0 86 11 11 78
E. colid 0 0 60 12 0 38 0 0 70 0 0 0 0 0 33
Chlorophyll-ad ...................... 0 60 40 0 50 50 0 20 80 43 0 57 0 11 67
Chemical/Physical
AKAlINILY ..o 0 0 100 0 25 75 30 0 70 0 14 86 0 11 67
Biochemical Oxygen
Demandd........coooccoonann. 0 100 0 0 100 0 0 100 0 0 100 0 0 33 67
Chlorided 100 0 0 75 0 25 90 0 10 71 0 29 33 0 67
Dissolved Oxygen . 20 0 80 50 0 50 10 30 60 0 43 57 11 11 78
Hardness.. 0 0 100 0 12 88 60 0 40 0 0 100 0 0 78
0 20 80 0 50 50 10 40 50 0 100 0 22 0 78
40 0 60 38 12 50 100 0 0 0 0 100 11 22 67
Suspended Material
Total Suspended
Sediment .........ccooeeieennne 0 0 0 0 0 25 0 0 20 0 14 0 22 11
Total Suspended Solids........ 0 60 40 38 12 50 40 0 60 0 0 100 0 11 67
Nutrients
Ammoniad 0 60 40 0 100 0 0 100 0 0 100 0 0 44 56
Kjeldahl Nitrogen 20 40 40 12 50 38 0 30 70 0 0 100 11 11 78
Nitrated.. 60 0 40 37 38 25 90 0 10 0 0 100 0 11 89
Nitrited... 40 0 60 0 38 62 0 10 90 0 14 86 0 0 78
Organic NitrogenCI 80 0 20 38 0 62 0 10 90 57 0 43 22 11 67
Total Nitrogend 60 0 40 12 25 63 60 0 40 0 0 100 11 0 89
Dissolved Phosphorusd 60 20 20 50 25 25 10 30 60 57 0 43 0 11 89
Total Phosphorusd ............... 40 40 20 12 50 38 0 80 20 43 0 57 0 11 89
Metals
Arsenicd ... 0 100 0 0 88 12 10 90 0 0 100 0 0 11 89
0 100 0 0 100 0 0 100 0 0 100 0 0 56 11
40 20 40 0 75 25 10 70 20 0 29 71 0 56 22
100 0 0 88 0 12 70 10 20 100 0 0 0 67 33
0 100 0 0 88 12 0 100 0 0 100 0 0 11 67
0 100 0 0 62 38 0 50 40 0 14 86 11 0 67
0 20 80 0 62 38 0 70 30 0 0 100 0 67 0
40 0 60 88 0 12 90 10 0 100 0 0 0 0 78

8Trends were assessed through linear regression analysis. A trend was considered significant if the regression showed a significant slope at P = 0.05 or less. Because MMSD stopped sampling during the winter in 1987, data from winter
months are not included in the annual trend analysis.

bTrends were assessed at five sampling stations along the Kinnickinnic River, eight sampling stations along the Menomonee River, 10 sampling stations along the Milwaukee River, seven sampling stations along Oak Creek, and nine
sampling stations along the Root River.

CFor any constituent, the total percentage of sampling stations assessed along a river may not add up to 100 percent because data at some sampling stations were insufficient for assessing time-based trends.
Yhese data were log-transformed before being entered into regression analysis.

N Source: SEWRPC.
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Figure 12 improvements in water quality. The trends toward
increasing chlorophyll-a concentrations at some sta-
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NOTE: See Figure 11 for description of symbols. _
2001 ranged from 13.0 degrees Celsius (°C) at the

Source: U.S. Geological Survey, Wisconsin Department of Natu- sampling station at W Ryan Road up to 15.7°C at the
ral Resources, Milwaukee Metropolitan Sewerage Dis- . ’ . )
trict, and SEWRPC. station at the Oak Creek Parkway site east of S. Lake

Drive. The annual median water temperature in the

Root River during the period 1998-2005 ranged from
14.4 °C at the sampling station at the intersection of W. National Avenue and W. Oklahoma Avenue up to 19.5°C
at the station near the mouth of the River.

Because of the complexity of these temperature trends, they were further analyzed using a three-factor analysis of
variance. This type of analysis tests for statistically significant differences among mean temperatures based upon
three different factors which may account for any differences. In addition, it tests for significant effects on mean
temperatures of any interactions between the factors. In this instance, the independent factors examined were
sampling station, season, and the time periods. Because of differences in data availability, different time periods
were examined for each watershed. For the Kinnickinnic River and Oak Creek, the periods examined were 1982-
1986, 1987-1993, 1994-1997, and 1998-2001. For the Menomonee River the periods examined were 1985-1994
and 1995-2001. For the Milwaukee River the periods examined were 1975-1986, 1987-1993, 1994-1997, and
1998-2004. The data from the Root River watershed were not adequate for performing this analysis. In all
watersheds, data from winter months were not included in this analysis because of the small number of samples
taken during the winter.

For the Kinnickinnic and Menomonee Rivers, the results of these analyses suggest that the estuary and the section
of the Rivers upstream from the estuary experience different temperature regimes. In the Kinnickinnic River,
annual mean water temperatures at the stations upstream from the estuary are four to five degrees Celsius higher
than annual mean water temperature at the stations in the estuary (Figure 13). The lower water temperatures in the
estuary may result from the effects of a complex mixing regime involving water from the Kinnickinnic River,
the Milwaukee River, and the Milwaukee Harbor. The difference in mean temperatures between estuary
and upstream stations are less pronounced in the fall than in the spring or summer. Since the period 1982-1986,
mean temperatures in the Kinnickinnic River have increased. In the Menomonee River, mean water tempera-
tures generally were warmer downstream. The only exception to this trend occurred in the lower estuary
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Figure 13 at the confluence with the Milwaukee River. The
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statistically significant differences among mean water
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results did indicate that mean water temperatures in
the Milwaukee River were significantly lower during
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did not detect any differences among the time periods.

For the Kinnickinnic River, the data show slight trends toward increasing water temperature at two stations in the
estuary, the Jones Island Ferry and E. Greenfield Avenue (extended) stations. For the most part, at individual
stations annual mean water temperatures have increased over time in the Menomonee River. In the Milwaukee
River, slight trends toward increasing water temperatures were detected at three estuary stations: E. Wells Street,
N. Water Street, and the Union Pacific Railroad. These trends account for a very small portion of the variation in
the data and are likely attributable to slight increasing trends during summer months. Few trends over time were
detected in temperatures along Oak Creek or the Root River. For the Root River, the data show a slight trend
toward increasing water temperature at the stations below the Horlick dam and a slight trend toward decreasing
water temperatures at the station near the mouth of the River.

The trends toward increasing water temperature at some sampling stations represent a reduction in water quality.

Alkalinity

Values of alkalinity in samples collected from the mainstems of the five major streams and rivers of the greater
Milwaukee watersheds ranged from 3.5 milligrams per liter (mg/l) expressed as the equivalent concentration of
calcium carbonate (mg/l as CaCO3) to 999.0 mg/l as CaCO3. There were differences among the major streams
and rivers in the mean values of alkalinity during the period of record. These means were 176.3 mg/l as CaCOg3 in
the Kinnickinnic River, 228.1 mg/l as CaCOg3 in the Menomonee River, 235.6 mg/l as CaCOg3 in the Milwaukee
River, 247.3 mg/l as CaCOg3 in Oak Creek, and 273.0 mg/l as CaCOg3 in the Root River. In general, alkalinity
tended to be higher in upstream portions of these Rivers than in the downstream portions. Two sets of trends
indicate this. First, in the Kinnickinnic, Menomonee, and Milwaukee Rivers, analysis of variance (ANOVA)
showed that mean concentrations of alkalinity tended to be significantly lower in the estuary portions of the
Rivers than in the portions upstream from the estuary. Second, in the Menomonee, Milwaukee, and Root Rivers,
regression analysis showed the presence of statistically significant trends toward decreasing alkalinity from
upstream to downstream (Table 32). These differences may reflect differences in the relative importance of
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groundwater and surface runoff on the chemistry of water in the Rivers with surface runoff becoming increasing
influential downstream. In addition, these differences may reflect the influence of water from Lake Michigan on
the chemistry of the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers. Few sampling
stations along any of the Rivers showed evidence of time-based trends in alkalinity (Tables 33 and 34). A strong
seasonal pattern in alkalinity is apparent at many stations. Alkalinity concentrations are low in late winter or early
spring. They increase to a peak that occurs in late spring. Following this they rapidly decline to a low point in mid
summer. This is followed by a gradual increase during late summer and fall months to a second peak in late fall.
There is moderate variation around this pattern. Alkalinity concentrations in the Rivers are generally strongly
positively correlated with hardness, pH, specific conductance, and concentrations of chloride, all parameters
which, like alkalinity, measure amounts of dissolved material in water. In addition, alkalinity concentrations in the
Rivers are negatively correlated with total suspended solids. At some stations, alkalinity concentrations tend to be
negatively correlated with temperature, reflecting the fact that alkalinity indirectly measures concentrations of
carbon dioxide in water and that the solubility of gases in water decreases with increasing temperature. Alkalinity
at some stations is negatively correlated with chlorophyll-a concentrations, reflecting the removal of carbon
dioxide from water through photosynthesis.

Biochemical Oxygen Demand (BOD)

Concentrations of biochemical oxygen demand (BOD) in samples collected from the mainstems of the five major
streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 76.5 mg/I.
There were differences among the major streams and rivers in the mean values of BOD during the period of
record. These means were 3.37 mg/l in the Kinnickinnic River, 2.80 mg/l in the Menomonee River, 2.90 mg/l in
the Milwaukee River, 2.24 mg/l in Oak Creek, and 3.04 mg/l in the Root River. Figure 14 shows BOD
concentrations at sampling stations along the mainstem of the Milwaukee River. At most stations, concentrations
of BOD decreased over time. Concentrations of BOD also decreased over time at most sampling stations along
the other major streams and rivers in the study area. These decreases represent statistically significant trends
(Tables 33 and 34). During the periods before 1994, the mean value of BOD at stations in the estuary portion of
the Menomonee River was significantly higher than the mean value of BOD at the stations upstream from the
estuary. This indicates that the water in the estuary contained a higher concentration of organic material. The
sampling stations in the estuary are the only stations on the Menomonee River within the combined sewer
overflow area, suggesting that overflows from the combined sewers may have been contributing to higher
amounts of organic material in the water of the estuary than in the water of the reaches upstream from the estuary.
In 1994, this relationship changed. From this year onward, there were no statistically significant differences
between the mean concentrations of BOD in the estuary and the reaches upstream of the estuary. This change
coincides with the Inline Storage System coming on line. It suggests that, since 1994, reductions in inputs from
combined sewer overflows related to use of the Inline Storage System have reduced loadings of organic material
into the estuary to levels below concentrations that would produce significant differences in BOD between the
estuary and the section of the River upstream of the estuary.

Several other factors may influence BOD concentrations in surface waters. BOD concentrations at some sampling
stations are positively correlated at most stations with concentrations of fecal coliform bacteria and some nutrients
such as ammonia, organic nitrogen, and total phosphorus. These correlations may reflect the fact that these
pollutants, to some extent, share common sources and modes of transport into surface waters. Decomposition of
organic material in the sediment acts as a source of BOD to the overlying water. The declining trend in BOD
concentrations over time detected at stations along the mainstem of the River represent an improvement in
water quality.

Chloride

Concentrations of chloride in samples collected from the mainstems of the five major streams and rivers of the
greater Milwaukee watersheds ranged from 1.0 mg/l to 999.0 mg/l. There were differences among the major
streams and rivers in the mean concentrations of chloride during the period of record. These means were 99.0
mg/l in the Kinnickinnic River, 99.9 mg/l in the Menomonee River, 50.1 mg/l in the Milwaukee River, 158.6 mg/I
in Oak Creek, and 142.7 mg/l in the Root River. All sampling stations show wide variations between minimum
and maximum values. In the Kinnickinnic and Menomonee Rivers, concentrations of chloride occasionally
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Figure 14
BIOCHEMICAL OXYGEN DEMAND AT SITES ALONG THE MAINSTEM OF THE MILWAUKEE RIVER: 1975-2004
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Source: U.S. Geological Survey, U.S. Environmental Protection Agency, Wisconsin Department of Natural Resources, Milwaukee Metro-
politan Sewerage District, and SEWRPC.

exceeded Wisconsin’s chronic toxicity criteria for fish and aquatic life of 395 mg/l and acute toxicity criteria for
fish and aquatic life of 757 mg/l. In the Milwaukee River, concentrations of chloride were generally below these
standards. In Oak Creek and the Root River, concentrations occasionally exceeded the chronic toxicity criteria
and rarely exceeded the acute toxicity criteria. Figure 15 shows that chloride concentrations at sampling stations
along the Milwaukee River increased over time. This increase was observed in the other Rivers as well.
Statistically significant trends toward chloride concentrations increasing were detected at most sampling stations
(Tables 33 and 34). Chloride concentrations at several sampling stations show a strong seasonal pattern. For the
period during which winter data are available, mean chloride concentrations were highest in winter or early
spring. This is likely to be related to the use of deicing salts on streets and highways. These concentrations
declined through the spring to reach lows during summer and fall.

Chloride concentrations show strong positive correlations with alkalinity, hardness, and specific conductance, all
parameters which, like chloride, measure amounts of dissolved material in water. This may reflect common
mechanisms of entry into surface waters. In addition, chloride concentrations at many sampling stations are
strongly negatively correlated with temperature, reflecting the use of deicing salts on streets and highways during
cold weather. The increase in chloride concentrations in the streams of the greater Milwaukee watersheds
represents a decline in water quality.

Dissolved Oxygen

Over the period of record, the mean concentration of dissolved oxygen in the major streams of the greater
Milwaukee watersheds ranged from concentrations which were undetectable to concentrations in excess of
saturation. Over the period of record, the mean concentration of dissolved oxygen in the Kinnickinnic River was
9.4 mg/l, the mean concentration of dissolved oxygen in the Menomonee River was 8.2 mg/l, the mean
concentration of dissolved oxygen in the Milwaukee River was 9.4 mg/l, the mean concentration of dissolved
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Figure 15

CHLORIDE CONCENTRATIONS AT SITES ALONG THE MAINSTEM OF THE MILWAUKEE RIVER: 1975-2004
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oxygen in Oak Creek was 8.4 mg/l, and the mean concentration of dissolved oxygen in the Root River was
7.1 mg/l. In the Kinnickinnic, Menomonee, and Milwaukee Rivers, mean dissolved oxygen concentrations in the
estuary portions of the Rivers were significantly lower than mean concentrations in the sections of the Rivers
upstream from the estuary. Since 1998, concentrations of dissolved oxygen measured at some sampling stations
have occasionally been below the fish and aquatic life standard of 5.0 mg/l, or in the sections of the Kinnickinnic,
Menomonee, and Milwaukee Rivers subject to a variance standard under Chapter NR 104 of the Wisconsin
Administrative Code, below the variance standard of 2.0 mg/I.

Dissolved oxygen concentrations at some sampling stations in the estuary portions of the Kinnickinnic and
Menomonee Rivers increased after 1993. This is shown for the Menomonee River in Figure 16. Few statistically
significant time-based trends were detected in dissolved oxygen concentrations (Table 33). Significant trends
toward increasing dissolved oxygen concentration were detected at most of the estuary stations along the
Menomonee River and one estuary station along the Kinnickinnic River (Table 34). In addition, when the data
were examined for trends on a seasonal basis, statistically significant increasing trends in dissolved oxygen
concentration during the summer were detected at three stations in the estuary portion of the Milwaukee River.
These trends toward increasing dissolved oxygen concentrations in the estuary sections of these Rivers are a
likely consequence of a reduction in loadings of organic pollutants from combined sewer overflows since
MMSD’s Inline Storage System went on line. The trends at these stations toward increasing dissolved oxygen
concentration represent an improvement in water quality. By contrast, statistically significant trends toward
decreasing dissolved oxygen concentration were detected at three sampling stations along Oak Creek. This
represents a decrease in water quality.
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Figure 16 The data show strong seasonal patterns to the mean

DISSOLVED OXYGEN CONCENTRATIONS concentrations of dissolved oxygen. Concentrations of

AT SITES ALONG THE MAINSTEM OF THE dissolved oxygen tend to be_ highest during the_vymter.
MENOMONEE RIVER: 1975-2001 They decline through spring to reach a minimum
during the summer. Following this, they rise through
S SEERR AT ARERT RS RN SRR RN RN the fall to reach maximum values in winter. This sea-
NN N NN \\\\\\\\\\\ NS . . R
OO OO OO OO OO OO N N A Y sonal pattern is driven by changes in water tempera-
\ NN N NN N . . .
L N N N N Y A ture. The solubility of oxygen in water decreases with
NOUNN ULV NN SO RO : : i :
- VA sandard- Y ONNCSN NN OUNPOCOOOY increasing temperature. In addition, the metabolic
> \\S\m\ll\\\ \\\\\\ NN N AN RSN - -
g 55 g . demands and oxygen requirements of most aquatic
g organisms, including bacteria, tend to increase with
S o H ! increasing temperature. Higher rates of bacterial
2 H decomposition when the water is warm may contrib-
a ute to the declines in the concentration of dissolved
ST l | Variarice Standard- oxygen observed during the summer. In addition to
CIOOVINEM T ‘ 1 the reasons mentioned above, dissolved oxygen con-
LSRR St tuh A AR R RNt . .
0 —— i | centrations can also be affected by a variety of other
W.County  S.70thSteet  N.25thStreet  S.2nd Street factors including the presence of aquatic plants,
i 55 (RM8.0) (RM1.8) (RM0.0) sunlight, turbulence in the water, and the amount and
type of sediment as summarized in Chapter Il of
] 1975-1986 1994-1997 SEWRPC Technical Report No. 39.
1987-1993 O 1998-2001

It is important to note that supersaturation of water
with dissolved oxygen occasionally occurs at some
140 percent saturation and higher can cause fish kills. A sampling stations in the greater Milwaukee water-

NOTES: See Figure 11 for description of symbols.

15 mg/l dissolved oxygen concentration roughly trans- sheds. Supersaturation of water with dissolved oxygen
lates to a saturation of approximately 150 percent at an . . -
average water temperature of 14 degrees Celsius. occurs when the water contains a higher concentration
of dissolved oxygen than is normally soluble at ambi-
Source: U.S. Geological Survey, Wisconsin Department of Natu- ent conditions of temperature and pressure. While
ral Resources, Milwaukee Metropolitan Sewerage Dis- . . .
trict, and SEWRPC. oxygen concentrations in excess of saturation are

detected at these stations throughout the year, the

highest oxygen concentrations occur mostly during

the spring and fall. Oxygen supersaturation is proba-
bly caused by high intensities of photosynthesis by attached algae growing in concrete-lined channels at and
upstream of the sampling stations. This has two implications. First, because dissolved oxygen samples are often
collected during the day, the dissolved oxygen concentration data presented may be less representative of average
concentrations and more typical of maximum concentrations achieved during diurnal periods. Second, respiration
by the same attached algae may cause steep declines in dissolved oxygen concentration at these stations at night
when photosynthesis cannot occur due to lack of light.

Several other factors also affect dissolved oxygen concentrations in the streams of the greater Milwaukee
watersheds. Settling of suspended material in areas of slower water velocity can transfer material from the water
column to the sediment. Decomposition of organic matter contained in this material, through chemical and
especially biological processes, removes oxygen from the overlying water, lowering the dissolved oxygen
concentration. This can be particularly influential in the estuary portions of the Kinnickinnic, Menomonee, and
Milwaukee Rivers, as indicated by the lower concentrations of total suspended solids (TSS) in the estuary (see the
section on suspended material below). Second, influxes of water from Lake Michigan and other streams or Rivers
may influence dissolved oxygen concentrations, especially in the downstream portions of the estuary. When
dissolved oxygen concentrations in these waterbodies are higher than in the estuary, mixing may act to increase
dissolved oxygen concentrations in the lower estuary. Third, at many sampling stations, dissolved oxygen
concentrations are inversely correlated with ammonia and nitrite concentrations. This suggests that oxidation of
ammonia and nitrite to nitrate through biologically mediated nitrification may also be acting to lower dissolved
oxygen concentrations when concentrations of these compounds are high. Fourth, dissolved oxygen concen-
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trations at many sampling stations are positively correlated with pH. This reflects the effect of photosynthesis on
both of these parameters. During photosynthesis, algae and plants remove carbon dioxide from the water. This
tends to raise the water’s pH. At the same time, oxygen is released as a byproduct of the photosynthetic reactions.
Fifth, in the case of the Kinnickinnic River, MMSD operates a flushing tunnel capable of pumping approximately
225 million gallons of water per day from Lake Michigan into the Kinnickinnic River through an outfall near
Chase Avenue. Flushing through this tunnel acts to improve water quality in the estuary by increasing flow in the
River and flushing stagnant water downstream. MMSD currently operates this tunnel when dissolved oxygen
concentrations at the sampling station at S. 1st Street drop below 3.0 mg/l. Typically, flushing occurs six to 12
times per year. Sixth, in the estuary portion of the Menomonee River, We Energies operates an electric power
generating plant which discharges cooling water into the River near the Burnham Canal sampling station. These
discharges can raise water temperatures in the estuary, resulting in lower oxygen solubility.

Hardness

Values of hardness in samples collected from the mainstems of the five major streams and rivers of the greater
Milwaukee watersheds show considerable variability, ranging from 5.0 mg/l as CaCOg3 to 1,208 mg/l as CaCOg3.
Some of this variability probably results from inputs of relatively soft water during storm events. There were
differences among the major streams and rivers in the mean values of hardness during the period of record. These
means were 253.0 mg/l as CaCOg in the Kinnickinnic River, 299.6 mg/l as CaCOg in the Menomonee River,
284.8 mg/l as CaCOg3 in the Milwaukee River, 372.4 mg/l as CaCO3 in Oak Creek, and 373.6 mg/l as CaCO3 in
the Root River. These means are considered to represent very hard water. In general, hardness tended to be higher
in upstream portions of these Rivers than in the downstream portions. Two sets of trends indicate this. First, in the
Kinnickinnic, Menomonee, and Milwaukee Rivers, analysis of variance (ANOVA) showed that mean hardness
tended to be significantly lower in the estuary portions of the Rivers than in the portions upstream from the
estuary. Second, in the Menomonee, Milwaukee, and Root Rivers, regression analysis showed the presence of
statistically significant trends toward decreasing hardness from upstream to downstream (Table 32). These
differences may reflect differences in the relative importance of groundwater and surface runoff on the chemistry
of water in the Rivers with surface runoff becoming increasingly influential downstream. In addition, these
differences may reflect the influence of water from Lake Michigan on the chemistry of the estuary portions of the
Kinnickinnic, Menomonee, and Milwaukee Rivers. Few sampling stations along any of the Rivers showed
evidence of time-based trends in hardness (Tables 33 and 34). Where trends were detected, they accounted for a
small portion of the variation in the data. At most stations, there is little evidence for seasonal patterns in
hardness. Hardness concentrations in the Rivers are generally strongly positively correlated with alkalinity, pH,
specific conductance, and concentrations of chloride, all parameters which, like hardness, measure amounts of
dissolved material in water. In addition, hardness concentrations at some stations are negatively correlated with
total suspended solids.

pH

Values of pH in samples collected from the mainstems of the five major streams and rivers of the greater
Milwaukee watersheds ranged from 7.4 standard units to 8.5 standard units. There were differences among the
major streams and rivers in the mean values of pH during the period of record. These means were 7.9 standard
units in the Kinnickinnic River, 7.9 standard units in the Menomonee River, 8.2 standard units in the Milwaukee
River, 7.7 standard units in Oak Creek, and 7.7 standard units in the Root River. At most stations, pH varied only
by + 1.0 standard unit from the stations’ mean values. In general, pH tended to be significantly lower in the
estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers than in the portions upstream from the
estuary. In the Root River and Oak Creek and in the portion of the Menomonee River upstream from the estuary,
regression analysis showed the presence of statistically significant trends toward increasing pH from upstream to
downstream (Table 32). Time-based trends in pH were detected at about half of the sampling stations (Table 33).
At some stations along the Menomonee and Milwaukee Rivers and most stations along Oak Creek, statistically
significant trends toward decreasing pH were detected (Table 34). By contrast, statistically significant trends
toward increasing pH were detected at some stations along the Root River. The causes of these trends are not
known. During the spring months, pH tended to be higher in the Rivers than during summer or fall. Positive
correlations were found between pH in the Rivers and alkalinity, hardness, specific conductance, and
concentrations of chloride, all parameters which, like pH, measure amounts of dissolved material in water. In
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general, these correlations were not as common or as strong as the correlations among alkalinity, hardness, and
specific conductance. In addition, pH was positively correlated with dissolved oxygen concentration and, at some
stations, concentrations of chlorophyll-a. These correlations reflect the effect of photosynthesis on these
parameters. During photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the
water’s pH. At the same time, oxygen in released as a byproduct of the photosynthetic reactions. If sufficient
nutrients are available, this results in increased algal growth, which is reflected in higher chlorophyll-a
concentrations.

Specific Conductance

Values of specific conductance in samples collected from the mainstems of the five major streams and rivers of
the greater Milwaukee watersheds show considerable variability, ranging from below the limit of detection to
8,280 microSiemens per centimeter («S/cm). Some of this variability may reflect the discontinuous nature of
inputs of dissolved material into surface waters. Runoff associated with storm events can have a major influence
on the concentration of dissolved material in surface waters. The first runoff from a storm event transports a large
pulse of salts and other dissolved material from the watershed into waterbodies. This will tend to raise specific
conductance. Later runoff associated with the event will be relatively dilute. This will tend to lower specific
conductance. The mean values of specific conductance during the period of record were 778.7 uS/cm in the
Kinnickinnic River, 841.9 uS/cm in the Menomonee River, 635.7 xS/cm in the Milwaukee River, 1,138.4 uS/cm
in Oak Creek, and 979.4 xS/cm in the Root River. In the Kinnickinnic, Menomonee, and Milwaukee Rivers, mean
values of specific conductance were lower in the estuary than in reaches upstream from the estuary (Table 32).
This probably results from the greater volume of water passing through the estuary and from interactions with
Lake Michigan. The data show a seasonal pattern of variation in specific conductance. For those years in which
data were available, specific conductance was highest during the winter. It then declined during the spring to
reach lower levels in the summer and fall. Statistically significant time-based trends in specific conductance were
detected at about half of the sampling stations (Table 33). Most of the trends detected were toward increasing
specific conductance and were detected at stations along the Kinnickinnic and Milwaukee Rivers (Table 34).
Trends toward decreasing specific conductance were detected at a few stations, mostly at stations along the Root
River or in upstream areas of the Menomonee River. Specific conductance in streams in the greater Milwaukee
watersheds shows strong positive correlations with alkalinity, chloride, and hardness, all parameters which, like
specific conductance, measure amounts of dissolved material in water. At many stations, specific conductance
also shows negative correlations with water temperature, reflecting the fact that specific conductance tends to be
lower during the summer. The increases in specific conductance in the Kinnickinnic and Milwaukee Rivers
indicate that the concentrations of dissolved materials in water in these Rivers are increasing and represent a
decline in water quality.

Suspended Material

Concentrations of total suspended solids (TSS) in samples collected from the mainstems of the five major streams
and rivers of the greater Milwaukee watersheds show considerable variability, ranging from below the limit of
detection to 1,400 mg/l. The mean concentrations of TSS during the period of record were 20.5 mg/l in the
Kinnickinnic River, 21.4 mg/l in the Menomonee River, 25.1 mg/l in the Milwaukee River, 30.9 mg/l in Oak
Creek, and 22.1 mg/l in the Root River. In the Kinnickinnic, Menomonee, and Milwaukee Rivers, mean
concentrations of TSS were lower in the estuary than reaches upstream from the estuary. This reflects the fact that
portions of the estuary act as a settling basin in which material suspended in water sink and fall out into the
sediment. At most sampling stations, no significant time-based trends were detected in TSS concentrations
(Table 33). Statistically significant trends toward increasing TSS over time were detected at a few sampling
stations in the estuary sections of the Menomonee and Milwaukee Rivers (Table 34). TSS concentrations showed
strong positive correlations with total phosphorus concentrations, reflecting the fact that total phosphorus
concentrations include a large particulate fraction. TSS concentrations were also positively correlated with
concentrations of fecal coliform bacteria and nutrients. TSS concentrations showed negative concentrations with
water quality parameters that measure amounts of dissolved materials in water, including alkalinity, hardness, and
specific conductance.

127



In addition to TSS, total suspended sediment concentration was sampled at four sites along the mainstem of the
Milwaukee River and four sites along the mainstem of the Root River. The mean values for total suspended
sediment concentration over the period of record were 33.7 mg/l in the Milwaukee River and 41.3 mg/l in the
Root River. Values in individual samples ranged between 1.0 mg/l and 323.0 mg/l. Statistically significant trends
toward decreasing total suspended sediment concentrations were detected at two stations along the Root River.
These results should be interpreted with caution as they result from comparison of concentrations from one to two
years in the mid-1970s to concentrations from 2004 and may be more reflective of changes in methodology than
changes in concentration in the River. It is important to note that total suspended sediment concentrations are not
comparable to TSS concentrations.”

Nutrients

Nitrogen Compounds

Concentrations of total nitrogen in the five major streams and rivers of the greater Milwaukee watersheds ranged
from below the limit of detection to 17.26 milligrams per liter measured as nitrogen (mg/l as N). The mean
concentrations of total nitrogen during the period of record were 1.52 mg/l as N in the Kinnickinnic River,
1.68 mg/l as N in the Menomonee River, 1.87 mg/l as N in the Milwaukee River, 1.19 mg/l as N in Oak Creek,
and 2.38 mg/l as N in the Root River. Figure 17 shows changes in total nitrogen concentrations over time since
1975 at several sampling stations along the mainstem of Oak Creek. Similar patterns of change in total nitrogen
occurred at most sampling stations in the study area. At all stations with data records extending back before 1987,
concentrations of total nitrogen during the period 1987-1993 were lower than during the period 1975-1986. At
most stations, concentrations of total nitrogen increased in subsequent periods. At a few stations, this increase did
not begin until after 1993. Similarly, at a few stations, mean concentrations decreased after 1997. In the
Kinnickinnic and Menomonee Rivers, concentrations of total nitrogen were higher in the estuary than in the
sections of these Rivers upstream from the estuary. Sediment deposits in the estuary have been shown to release
ammonia to the overlying water.® This difference may be a consequence of that release. The opposite pattern was
seen in the Milwaukee River. In this River, mean concentrations of total nitrogen were higher in the section of the
River upstream of the estuary than in the estuary. This could be the result of either lower rates of ammonia release
from sediment in,” or larger volumes of water flowing through, the Milwaukee River portion of the estuary. In
addition, statistically significant trends toward total nitrogen concentrations decreasing from upstream to
downstream were detected along the Menomonee and Milwaukee Rivers (Table 32). By contrast, a trend toward
total nitrogen concentrations increasing from upstream to downstream was detected in the Root River.
Statistically significant time-based trends in total nitrogen concentrations were not detected at most sampling
stations, however, significant trends toward increasing total nitrogen concentration were detected at several
stations (Table 33). These were located mostly in upstream areas of the Kinnickinnic and Milwaukee Rivers
(Table 34). The concentration of total nitrogen at some stations is positively correlated with the concentrations of
nitrate and organic nitrogen, reflecting the fact that these tend to be the major forms of nitrogen compounds in the
River. In addition, concentrations of total nitrogen were positively correlated with concentrations of total
phosphorus at most stations. This probably reflects the nitrogen and phosphorus contained in particulate organic
matter in the water, including live material such as plankton and detritus.

Total nitrogen is a composite measure of several different compounds which vary in their availability to algae and
aquatic plants and vary in their toxicity to aquatic organisms. Common constituents of total nitrogen include
ammonia, nitrate, and nitrite. In addition a large number of nitrogen-containing organic compounds, such as

°JR.. Gray, G.D. Glysson, L.M. Turcios, and G.E. Schwartz, Comparability of Suspended-Sediment
Concentrations and Total Suspended Solids Data, U.S. Geological Survey Water-Resources Investigations Report
No. 00-4191, 2000.

6J. val Klump, Patrick D. Anderson, Donald C. Szmania, and Kim Weckerly, Milwaukee Harbor Sediment
Oxygen Demand Study Final Report, Great Lakes WATER Institute Technical Report No. 2004-B1, 2004.

"Ibid.
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amino acids, nucleic acids, and proteins commonly
occur in natural waters. These compounds are usually
reported as organic nitrogen.

Ammonia concentrations in the five major streams
and rivers of the greater Milwaukee watersheds
ranged from below the limit of detection to 8.6 mg/l
as N. The mean concentrations of ammonia during the
period of record were 0.35 mg/l as N in the Kinnic-
kinnic River, 0.26 mg/l as N in the Menomonee River,
0.20 mg/l as N in the Milwaukee River, 0.19 mg/l as
N in Oak Creek, and 0.16 mg/l as N in the Root River.
Figure 18 shows that ammonia concentrations have
decreased over time at most stations along the main-
stem of the Menomonee River. Similar decreases
occurred at sampling stations along the mainstems of
the other major streams and rivers in the study area.
These decreases represent significant decreasing
trends in ammonia concentrations (Tables 33 and 34).
Mean ammonia concentrations in the estuary portions
of the Kinnickinnic, Menomonee, and Milwaukee
Rivers tended to be higher than the mean concentra-
tions in the portions of these Rivers upstream from the
estuary. As noted above, sediment deposits in the
estuary have been shown to release ammonia to the
overlying water.® This difference may be a conse-

guence of that release. Ammonia concentrations in the

Milwaukee River tended to be higher during the
winter than during other seasons. In the other watersheds, no clear seasonal pattern was detected in ammonia
concentrations. In the sections of the Menomonee and Milwaukee Rivers upstream from the estuary and along the
length of Oak Creek, there were significant trends toward ammonia concentrations decreasing from upstream to
downstream (Table 32). Ammonia concentrations at some stations, especially in the estuary, are positively
correlated with concentrations of fecal coliform bacteria. This may reflect common sources and modes of
transport into the River for these two pollutants. Ammonia concentrations at some stations were also negatively
correlated with chlorophyll-a concentrations. This reflects the role of ammonia as a nutrient for algal growth.
During periods of high algal productivity, algae remove ammonia from the water and incorporate it into
cellular material.

Nitrate concentrations in the five major streams and rivers of the greater Milwaukee watersheds ranged from
below the limit of detection to 30.27 mg/l as N. The mean concentrations of nitrate during the period of record
were 0.55 mg/l as N in the Kinnickinnic River, 0.67 mg/l as N in the Menomonee River, 0.78 mg/l as N in the
Milwaukee River, 0.51 mg/l as N in Oak Creek, and 2.38 mg/l as N in the Root River. In the Kinnickinnic,
Menomonee, and Milwaukee Rivers and Oak Creek, the general pattern of changes in nitrate concentrations at
most stations were similar to the changes in concentrations of total nitrogen. At all stations, concentrations of
nitrate during the period 1987-1993 were lower than during the period 1975-1986. In subsequent periods,
concentrations of nitrate increased. At a few stations, this increase began after 1993. This suggests that the
changes over time in nitrate concentrations may be driving the changes over time in total nitrogen concentrations.
In the Root River, nitrate concentrations appear to be increasing, however, at the Johnson Park station
concentrations decreased after 1993. In the sections of the Menomonee and Milwaukee Rivers upstream from the
estuary, there are statistically significant trends toward nitrate concentrations decreasing from upstream to

®Ibid.
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Figure 18 downstream. The relationship between the mean con-
centrations of nitrate in the estuary and in the sections
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Source: U.S. Geological Survey, Wisconsin Department of Natu- statistically significant time-based trends in nitrate
ral Resources, Milwaukee Metropolitan Sewerage Dis- .
trict, and SEWRPC. concentrations were detected at fewer than half of the

sampling stations. At most of the stations where

trends were detected, the trends were toward increas-
ing nitrate concentration. These increasing trends occurred at sampling stations in the estuary portions of the
Kinnickinnic and Menomonee Rivers and at most stations along the Milwaukee River (Table 34). The data show
evidence of seasonal variations in nitrate concentration. In most of the major streams and rivers, nitrate
concentration was highest in the winter and lowest during summer or early fall. In the Root River, the
concentrations of nitrate tended to be lower during the winter. Nitrate concentrations at some stations were
negatively correlated with concentrations of chlorophyll-a and organic nitrogen. These correlations reflect the role
of nitrate as a nutrient for algal growth. During periods of high algal productivity, algae remove nitrate from water
and incorporate it into cellular material.

The mean concentrations of nitrite during the period of record were 0.037 mg/l as N in the Kinnickinnic River,
0.038 mg/l as N in the Menomonee River, 0.024 mg/l as N in the Milwaukee River, 0.028 mg/l as N in Oak
Creek, and 0.135 mg/l as N in the Root River. Nitrite concentrations showed more variability than nitrate. This
probably reflects the fact that nitrite in oxygenated water tends to oxidize to nitrate fairly quickly. In the
Milwaukee and Menomonee Rivers, the mean concentrations of nitrite in the estuary portions of the Rivers tended
to be higher than the mean concentrations in the portions of the Rivers upstream from the estuary. The cause of
this difference is not known. The relationship between mean nitrite concentrations in the estuary and the section
of the River upstream in the Kinnickinnic River was more complicated. During the period 1975-1993, mean
nitrite concentrations were significantly higher in the estuary. During the period 1994-1997, this relationship
changed. Mean nitrite concentrations during this period were significantly higher in the section of the River
upstream from the estuary. No significant differences were detected between the mean concentration of nitrite at
the stations in the estuary and the mean concentration of nitrite at the stations upstream from the estuary during
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the period 1998-2001. Few statistically significant time-based trends were detected in nitrite concentration
(Table 33). Trends toward increasing nitrite concentrations were detected at a few stations, mostly in the upstream
reaches of the Kinnickinnic River (Table 34). Trends toward decreasing nitrite concentrations were detected at a
few stations, mostly in the upstream reaches of the Menomonee River.

Concentrations of organic nitrogen at sampling stations along the mainstems of the five major streams and rivers
of the greater Milwaukee watersheds showed considerable variability with concentrations ranging from
undetectable to over 16 mg/l as N. During the period of record the mean concentrations of organic nitrogen were
0.61 mg/l as N in the Kinnickinnic River, 0.72 mg/l as N in the Menomonee River, 0.90 mg/l as N in the
Milwaukee River, 0.63 mg/l as N in Oak Creek, and 0.80 mg/l as N in the Root River. While at most sampling
stations, statistically significant time-based trends were not detected in organic nitrogen concentrations, trends
toward increasing concentrations were detected at several stations (Tables 33 and 34). No consistent seasonal
pattern was found in organic nitrogen concentration. Organic nitrogen concentrations in the Milwaukee and Root
Rivers tended to be high during summer. By contrast, organic nitrogen concentrations in Oak Creek tended to be
high during early spring. There was no apparent seasonal pattern in organic nitrogen concentrations in the
Kinnickinnic or Menomonee Rivers. Organic nitrogen concentrations at several stations show a positive correla-
tion with temperature. In addition, they show positive correlations at several stations with concentrations of BOD,
fecal coliform bacteria, and total phosphorus. These correlations may reflect the fact that these pollutants, to some
extent, share common sources and modes of transport into the River. In addition, aerobic metabolism of many
organic nitrogen compounds requires oxygen and thus these compounds contribute to BOD. The correlation with
total phosphorus concentrations reflects the roles of phosphorus and nitrogen as nutrients for algal growth. During
periods of high algal productivity, algae remove dissolved phosphorus and nitrogen compounds from the water
and incorporate them into cellular material.

Several processes can influence the concentrations of nitrogen compounds in a waterbody. Primary production by
plants and algae will result in ammonia and nitrate being removed from the water and incorporated into cellular
material. This effectively converts the nitrogen to forms which are detected only as total nitrogen. Decomposition
of organic material in sediment can release nitrogen compounds to the overlying water. Bacterial action may
convert some nitrogen compounds into others.

Several things emerge from analysis of nitrogen chemistry in the major streams and rivers of the greater
Milwaukee watersheds:

° The relative proportions of different nitrogen compounds in the Kinnickinnic, Menomonee, and
Milwaukee Rivers and Oak Creek appear to be changing with time.

o Ammonia concentrations in all five major streams and rivers have decreased over time. This
represents an improvement in water quality.

) Where trends exist in the Kinnickinnic and Menomonee Rivers and Oak Creek, the concentrations of
organic nitrogen compounds seem to be increasing over time. Although for surface waters there are
no standards for this constituent, the increases in concentration may be an indication of declining
water quality.

o Where trends exist in the Milwaukee River and the upper reaches of the Kinnickinnic River, the
concentrations of nitrate seem to be increasing over time. Although for surface waters there are no
standards for this constituent, the increases in concentration may be an indication of declining water
quality.

. Concentrations of total nitrogen have been increasing at several stations along the mainstem of the
Milwaukee River. This represents a decrease in water quality.
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° In the Kinnickinnic and Menomonee Rivers, there are distinct differences, with respect to forms of
nitrogen, between the estuary and the sections upstream from the estuary. In particular, total nitrogen,
nitrate, and ammonia tend to be found in higher concentrations in the estuary. This may be due, in
part, to release of ammonia from sediment in the estuary.

Total and Dissolved Phosphorus

Two forms of phosphorus are commonly sampled in surface waters: dissolved phosphorus and total phosphorus.
Dissolved phosphorus represents the form that can be taken up and used for growth by algae and aquatic plants.
Total phosphorus represents all the phosphorus contained in material dissolved or suspended within the water,
including phosphorus contained in detritus and organisms and attached to soil and sediment.

Concentrations of total phosphorus in the five major streams and rivers of the greater Milwaukee watersheds
ranged from below the limit of detection to 3.00 mg/l. The mean concentrations of total phosphorus during the
period of record were 0.095 mg/l in the Kinnickinnic River, 0.116 mg/l in the Menomonee River, 0.129 mg/l in
the Milwaukee River, 0.085 mg/l in Oak Creek, and 0.123 mg/l in the Root River. Concentrations of dissolved
phosphorus in the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit
of detection to 3.00 mg/l. The mean concentrations of dissolved phosphorus during the period of record were
0.033 mg/l in the Kinnickinnic River, 0.044 mg/l in the Menomonee River, 0.050 mg/l in the Milwaukee River,
0.030 mg/l in Oak Creek, and 0.052 mg/l in the Root River. Figure 19 shows changes in total phosphorus
concentrations over time since 1975 at several sampling stations along the mainstem of the Kinnickinnic River. At
stations in downstream sections of the Kinnickinnic River, total phosphorus concentrations decreased after 1986
and rose again after 1997. This pattern also occurred at stations along the Menomonee River. At stations in
upstream sections of the Kinnickinnic River, total phosphorus concentrations increased continually, with sharp
increases at some stations after 1997. This pattern also occurred at stations along Oak Creek. A third pattern
occurred at most estuary stations along the Milwaukee River. At these stations, concentrations of total phosphorus
during the period 1987-1993 were lower than concentrations of total phosphorus during the period 1975-1986.
This decrease was followed by increases in concentrations of total phosphorus in the subsequent periods. The
pattern followed by concentrations of total phosphorus at stations in the section of the Milwaukee River upstream
from the estuary was similar, except that the decrease occurred later, following the period 1987-1994. Total
phosphorus concentrations at some stations along the Root River were lower during the period 1998-2004 than
during the period 1994-1997. This may not accurately represent trends in this watershed because, at some stations,
data prior to 1998 were collected only during summer months when total phosphorus concentrations tend to be
higher than during the fall or early spring. Statistically significant time-based trends in the concentrations of
dissolved phosphorus and total phosphorus were detected at several sampling stations (Table 33). Trends toward
increasing concentrations of dissolved phosphorus were detected at several sites, but especially in upstream
reaches of the Kinnickinnic River and downstream reaches of the Menomonee River and Oak Creek (Table 34).
These trends represent a decrease in water quality. Trends toward decreasing concentrations of dissolved
phosphorus were detected at several sites, but especially in upstream reaches of the Milwaukee River. Trends
toward increasing concentrations of total phosphorus were detected at several sites, but especially in upstream
reaches of the Kinnickinnic River and downstream reaches of Oak Creek. These trends represent a decrease in
water quality. Trends toward decreasing concentrations of total phosphorus were detected at several sites, but
especially along much of the Menomonee and Milwaukee Rivers and in downstream reaches of the Kinnickinnic
River. Regardless of these long-term trends, increases in total phosphorus were observed at several sampling
stations after 1997.

Figure 20 shows the annual mean total phosphorus concentration at sampling stations along the mainstems of the
Kinnickinnic River and Oak Creek. Mean annual total phosphorus concentration in the Kinnickinnic River
increased sharply after 1996. An increase also occurred in mean annual total phosphorus in the Menomonee River
after 1996. While mean annual total phosphorus concentrations from the years 1996-2002 in the Milwaukee River
were within the range of variation from previous years, they increased after 1996. This increase was not as sharp
as the increases observed in the Kinnickinnic and Menomonee Rivers. For the most part, mean annual total
phosphate concentrations in Oak Creek were within the range of variation from previous years. This was also
observed for the Root River. One possible cause of the increases observed in the Kinnickinnic, Menomonee, and
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cellular material. Because the rates of biological reactions are temperature dependent, these periods tend to occur
when water temperatures are warmer. At many stations, concentrations of total phosphorus were also positively
correlated with concentrations of BOD and fecal coliform bacteria. This correlation may reflect the fact that these
pollutants, to some extent, share common sources and modes of transport into the River.

Metals

Arsenic

Concentrations of arsenic in samples collected from the mainstems of the five major streams and rivers of the
greater Milwaukee watersheds show moderate variability, ranging from below the limit of detection to
14.0 micrograms per liter (ug/l). The mean concentrations of arsenic during the period of record were 1.93 pg/l in
the Kinnickinnic River, 1.85 pg/l in the Menomonee River, 1.94 pg/l in the Milwaukee River, 1.56 pg/l in Oak
Creek, and 1.57 pg/l in the Root River. At nearly all sampling stations in the Kinnickinnic River, Menomonee
River, Milwaukee River, and Oak Creek watersheds for which sufficient data were available to assess time-based
trends, statistically significant trends were detected toward decreasing concentrations of arsenic (Tables 33
and 34). There were not a sufficient number of samples in the Root River watershed to assess time-based trends in
arsenic concentration. The declines in arsenic concentration may reflect changes in the number and types of
industry present in the greater Milwaukee watersheds, such as the loss of tanneries which utilized arsenic in the
processing of hides. In addition, sodium arsenate has not been used in herbicides since the 1960s. Arsenic
concentrations in the greater Milwaukee watersheds show no evidence of seasonal variation. The reductions in
arsenic concentrations in streams of the greater Milwaukee watersheds represent an improvement in water quality.

“Milwaukee Water Works, Annual Water Quiality Report, 2004, February 2005.
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Figure 20

MEAN ANNUAL CONCENTRATION OF TOTAL PHOSPHORUS
IN THE KINNICKINNIC RIVER AND OAK CREEK: 1985-2001
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Cadmium

Concentrations of cadmium in samples collected from the mainstems of the five major streams and rivers of the
greater Milwaukee watersheds show moderate variability, ranging from below the limit of detection to 27.0 ug/l.
The mean concentrations of cadmium during the period of record were 1.70 pg/l in the Kinnickinnic River,
1.70 pg/l in the Menomonee River, 1.53 pg/l in the Milwaukee River, 1.92 pg/l in Oak Creek, and 0.08 pg/l in the
Root River. At nearly all sampling stations, statistically significant trends were detected toward decreasing
concentrations of cadmium (Tables 33 and 34). These declines in cadmium concentration may reflect changes in
the number and types of industry present in the greater Milwaukee watersheds, reductions due to treatment of
industrial discharges, and reductions in atmospheric deposition of cadmium to the Great Lakes region. Cadmium
concentrations in the greater Milwaukee watersheds show no evidence of seasonal variation. The reductions in
cadmium concentrations in the streams of the greater Milwaukee watersheds represent an improvement in water
quality.

Chromium

Concentrations of chromium in samples collected from the mainstems of the five major streams and rivers of the
greater Milwaukee watersheds show considerable variability, ranging from below the limit of detection to
8,866 ug/l. The mean concentrations of chromium during the period of record were 9.8 ug/l in the Kinnickinnic
River, 10.8 pg/l in the Menomonee River, 14.2 pg/l in the Milwaukee River, 7.7 pg/l in Oak Creek, and 10.1 pg/I
in the Root River. Analysis of time-based trends suggests that chromium concentrations are declining within
much, though not all, of the greater Milwaukee watersheds (Tables 33 and 34). The decline in chromium
concentration in this area may reflect the loss of industry in some parts of the watersheds and the decreasing
importance of the metal plating industry in particular, as well as the establishment of treatment of discharges
instituted for the remaining and new industries since the late 1970s. There is no evidence of seasonal variation in
chromium concentrations in the streams of the greater Milwaukee watersheds. The decline in chromium
concentrations represents an improvement in water quality.

Copper

Concentrations of copper in samples collected from the mainstems of the five major streams and rivers of the
greater Milwaukee watersheds ranged from below the limit of detection to 413 pg/l. The mean concentrations of
copper during the period of record were 10.8 pg/l in the Kinnickinnic River, 11.0 pg/l in the Menomonee River,
9.0 pg/l in the Milwaukee River, 8.2 ug/l in Oak Creek, and 7.8 pg/l in the Root River. Moderate variability was
associated with these means. Figure 21 shows that prior to 1987, the median concentrations of copper in the
Kinnickinnic River increased over time at all stations. This increase in median copper concentrations continued
through the period 1994-1997. During the period 1998-2001, the median concentration of copper declined at all
sampling stations. In general, mean copper concentrations followed the pattern described for median
concentrations. This pattern was observed in all of the watersheds except the Root River watershed where there
were insufficient historical copper data to assess long-term trends. Despite the recent declines, most sampling
stations show significant increasing trends in copper concentrations (Tables 33 and 34). Table 32 shows that there
were no consistent longitudinal trends in copper concentration. In addition, there was no evidence of seasonal
variation in copper concentrations. Wear and tear of brake pads and other metal components of vehicles is a major
source of copper to the environment. Once deposited on impervious surfaces, stormwater runoff may carry this
metal into surface waters. While copper compounds are also used in lake management for algae control, the
Kinnickinnic River, Menomonee River, Root River, and Oak Creek watersheds contain no major lakes and few
ponds. This makes it unlikely that algicides constitute a major source of copper in surface waters in these
watersheds. Copper compounds were used for control of algae and swimmer’s itch in some lakes in the
Milwaukee River watersheds; however, despite the presence of some outliers, the range of copper concentrations
observed in this watershed does not greatly differ from the ranges observed in the other four watersheds. At some
stations, copper concentrations showed moderately strong positive correlations with zinc concentrations. This
reflects the fact that many of the same sources release these two metals to the environment. In addition, at some
stations, copper concentrations showed negative correlations with pH, reflecting the fact that the solubility of
copper increases with decreasing pH. The trend toward increasing copper concentration in streams of the greater
Milwaukee watersheds represents a decline of water quality.
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Figure 21 Lead
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trict, and SEWRPC. .
water, lead has a strong tendency to adsorb to particu-
lates suspended in water.”® As these particles are
deposited, they carry the adsorbed lead into residence in the sediment. Because of this, the lower concentrations of
lead in the water probably reflect the actions of three processes: reduction of lead entering the environment,
washing out of lead into the estuary and Lake Michigan, and deposition of adsorbed lead in the sediment. Lead
concentrations in the streams of the greater Milwaukee watersheds show no evidence of patterns of seasonal
variation. The decrease in lead concentrations over time represents an improvement in water quality.

Mercury

Few historical data exist on the concentrations of mercury in the water of the major streams and Rivers of the
greater Milwaukee watersheds. Most sampling for mercury in water in these streams occurred during and after
1995. In Oak Creek, most sampling occurred after 1999. Concentrations of mercury in samples collected from the
mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit
of detection to 2.84 pg/l. The mean concentrations of mercury over the period of record were 0.060 g/l in the
Kinnickinnic River, 0.093 g/l in the Menomonee River, 0.105 ug/l in the Milwaukee River, 0.079 ug/l in Oak
Creek, and 0.103 g/l in the Root River. Analysis of time-based trends showed statistically significant trends
toward mercury concentrations decreasing at several sampling stations in every watershed except the Root River

°H.L. Windom, T. Byrd, R.G. Smith, and F. Huan, “Inadequacy of NASQUAN Data for Assessing Metal Trends
in the Nation’s Rivers,”” Environmental Science and Technology, Volume 25, 1991.
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Figure 22

LEAD CONCENTRATIONS AT SITES ALONG THE MAINSTEM OF THE MILWAUKEE RIVER: 1975-2004
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watershed (Tables 33 and 34). In the Root River watershed, a statistically significant trend toward increasing
mercury concentration was detected at one sampling station. Mercury concentrations in the streams of the greater
Milwaukee watersheds show no evidence of patterns of seasonal variation. The trends toward decreasing mercury
concentrations at several sites represent improvements in water quality. The trend toward increasing mercury
concentrations at one sampling station along the Root River represents a decrease in water quality.

Nickel

While there were outliers, concentrations of nickel in samples collected from the mainstems of most of the five
major streams and rivers of the greater Milwaukee watersheds showed moderate variability, ranging from below
the limit of detection to 3,811 pg/l. The mean concentrations of nickel during the period of record were 11.8 pg/l
in the Kinnickinnic River, 11.2 pg/l in the Menomonee River, 13.5 pg/l in the Milwaukee River, 11.2 pg/l in Oak
Creek, and 10.6 g/l in the Root River. With one exception, no trends in nickel concentration were found along
the lengths of the Rivers. There was a statistically significant trend toward nickel concentrations decreasing from
upstream to downstream in the portion of the Milwaukee River upstream from the estuary. This trend accounted
for a small portion of the variation in the data. Analysis of time-based trends suggests that nickel concentrations
are declining within much, though not all, of the greater Milwaukee watersheds (Table 33). When examined on an
annual basis, statistically significant trends toward nickel concentrations decreasing over time were detected at
sampling stations in every watershed except the Oak Creek watershed (Table 34). When examined on a seasonal
basis, significant trends toward decreasing nickel concentrations were detected during the spring and fall at
stations along Oak Creek. Many, though not all, of the decreasing trends detected accounted for a small portion of
the variation in the data. There is no evidence of seasonal variation in nickel concentrations in the streams of the
greater Milwaukee watersheds. The decreases in nickel concentrations represent an improvement in water quality.
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Zinc

Concentrations of zinc in samples collected from the mainstems of the five major streams and rivers of the greater
Milwaukee watersheds show considerable variability, ranging from below the limit of detection to 660 ug/l. The
mean concentrations of zinc during the period of record were 34.4 pg/l in the Kinnickinnic River, 24.4 pg/l in the
Menomonee River, 18.2 pg/l in the Milwaukee River, 20.8 pg/l in Oak Creek, and 19.1 pg/l in the Root River. In
the Menomonee and Milwaukee Rivers, zinc concentrations tended to be higher in the estuary than in the portions
of the Rivers upstream from the estuary. The opposite pattern was seen in the Kinnickinnic River. Figure 23
shows that zinc concentrations at four sampling stations along the mainstem of the Menomonee River increased
over time. Similar increases were observed at sampling stations along the Kinnickinnic and Milwaukee Rivers
and Oak Creek. At many stations, these increases represent statistically significant increasing trends (Tables 33
and 34). There were insufficient historical data to assess time-based trends in zinc concentration along the Root
River. The increases in zinc concentration may be caused by an increased amount of vehicle traffic in parts of the
watersheds. Wear and tear on automobile brake pads and tires are major sources of zinc to the environment. In
addition, zinc can be released to stormwater by corrosion of galvanized gutters and roofing materials. Stormwater
can carry zinc from these sources into surface waters. There is no evidence of seasonal variation in zinc
concentrations in the streams of the greater Milwaukee watersheds. The increases in zinc concentrations represent
a decrease in water quality.

Organic Compounds

In February, March, and May 2004, the USGS sampled water from 14 sites in the greater Milwaukee watersheds
for the presence of several organic compounds dissolved in water. The stations sampled included S. 11th Street
along the mainstem of the Kinnickinnic River in the Kinnickinnic River watershed; N. 70th Street and Pilgrim
Road along the mainstem of the Menomonee River and stations along Honey, Underwood, and Willow Creeks
and the Little Menomonee River in the Menomonee River watershed; Pioneer Road, Estabrook Park, and Jones
Island along the mainstem of the Milwaukee River and N. 47th Street along Lincoln Creek in the Milwaukee
River watershed; 15th Avenue along the mainstem of Oak Creek in the Oak Creek watershed; and W. Grange
Avenue and upstream of W. Ryan Road along the mainstem of the Root River in the Root River watershed. No
samples were collected from streams in the Lake Michigan direct drainage area. Compounds detected include
bromoform, a disinfectant byproduct; isophorone, a solvent; carbazole, a component of dyes, lubricants, and
pesticides; triphenyl phosphate, a plasticizer; several flame retardant chemicals such as tri(2-chloroethyl)
phosphate, tri(dichloroisopropyl) phosphate, tributyl phosphate, and triphenyl phosphate; and nonionic detergent
metabolites such as p-nonylphenol and diethoxynonylphenol. These last two compounds are known to be
endocrine disruptors.

In addition, Wilson Park Creek in the Kinnickinnic River watershed and the Mitchell Field Drainage Ditch in the
Oak Creek watershed were sampled in 1999 and 2000 for the presence of chemical deicing compounds. Ethylene
glycol was not detected in the samples collected from the Mitchell Field Drainage Ditch. At one site along Wilson
Park Creek, propylene glycol was detected in slightly over half the samples with concentrations ranging from
below the limit of detection to 4,150 mg/l and ethylene glycol was detected in about one third of the samples with
concentrations ranging from below the limit of detection to 650 mg/l. Downstream from this site, at a sampling
station near the confluence with the Kinnickinnic River, propylene glycol was detected in about one third of the
samples with concentrations ranging from below the limit of detection to 250 mg/I.

Pharmaceuticals and Personal Care Products

During fall 2001, Lincoln Creek at N. 47th Street and the Milwaukee River at Estabrook Park, both sites in the
Milwaukee River watershed, were sampled for the presence of caffeine in water. In addition, in February, March,
and May 2004, the USGS sampled water from 14 sites in the greater Milwaukee watersheds for the presence of
several compounds found in pharmaceuticals and personal care products. This sampling was conducted at the
same stations sampled for organic compounds (see above). Compounds commonly detected in these samples
included the stimulant caffeine, the nicotine metabolite cotinine, the insect repellant N,N-diethylmetatoluamide
(DEET), and the fragrance and flavoring agents camphor and menthol. Compounds occasionally detected
included the fragrances acetophenone, methyl salicylate, acetyl-hexamethyl-tetrahydro-naphthalene (AHTN),
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Figure 23 d-limonene, and hexahydrohexamethylcyclopenta-

ZINC CONCENTRATIONS AT SITES ALONG THE benzopyran (HHCB); the perfume fixative benzo-

MAINSTEM OF THE MENOMONEE RIVER: 1975-2001 phenone; and the cosmetic component triethyl citrate.
The sources of these compounds to the watersheds are
284 236 not known.
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NOTES: See Figure 11 for description of symbols. Wallace Lake. The physical characteristics of the
Acute and chronic toxicity standards for zinc depend lakes and ponds in the greater Milwaukee watersheds
upon ambient hardness which indicate zinc concentra- are given in Table 35.
tions do not exceed these toxicity standards.
Source: U.S. Geological Survey, Wisconsin Department of Natu- Ratings of Trophic Condition

ral Resources, Milwaukee Metropolitan Sewerage Dis- Lakes and ponds are commonly classified according

trict, and SEWRPC. to their degree of nutrient enrichment—or trophic

status. The ability of lakes and ponds to support a

variety of recreational activities and healthy fish and

other aquatic life communities is often correlated with their degrees of nutrient enrichment. Three terms are
generally used to describe the trophic status of a lake or pond: oligotrophic, mesotrophic, and eutrophic.

Oligotrophic lakes are nutrient-poor lakes and ponds. These lakes characteristically support relatively few aquatic
plants and often do not contain very productive fisheries. Oligotrophic lakes and ponds may provide excellent
opportunities for swimming, boating, and waterskiing. Because of the naturally fertile soils and the intensive land
use activities, there are relatively few oligotrophic lakes in southeastern Wisconsin.

Mesotrophic lakes and ponds are moderately fertile lakes and ponds which may support abundant aquatic plant
growths and productive fisheries. However, nuisance growths of algae and macrophytes are usually not exhibited
by mesotrophic lakes and ponds. These lakes and ponds may provide opportunities for all types of recreational
activities, including boating, swimming, fishing, and waterskiing. Many lakes and ponds in southeastern
Wisconsin are mesotrophic.

Eutrophic lakes and ponds are nutrient-rich lakes and ponds. These lakes and ponds often exhibit excessive
aquatic macrophyte growths and/or experience frequent algae blooms. If they are shallow, fish winterkills may be
common. While portions of such lakes and ponds are not ideal for swimming and boating, eutrophic lakes and
ponds may support very productive fisheries.
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Table 35

LAKES AND PONDS OF THE GREATER MILWAUKEE RIVER WATERSHEDS

Area Maximum Mean
Name (acres) Depth (feet) Depth (feet) Lake Type Public Access
Kinnickinnic River
Holler Park Pond..........ccccccevviiiiniinciiiines 1 5 -- Drainage lake -a
Humboldt Park Pond.. . 4 3 2 Drainage lake -a
Jackson Park Pond..........cccceevvviiiniiennnns 8 8 5 Drainage lake -a
Kosciuszko Park Pond...........cccocevveenineenne 3 4 3 Seepage lake -a
Saveland Park Pond.. . 1 6 -- Drainage lake -
Wilson Park Pond ..........ccccvvvieviiiciiinenns 9 5 3 Drainage lake -a
Menomonee River
County Hospital Ponds . -- -- -- -- -
Dretzka Park Ponds... . -- -- -- -- --
Edward Linder Pond ........c.ccccocevvveiiennnnne -- -- -- -- --
Greenfield Park Pond 7 6 4 Seepage lake -a
Jacobus Park Pond.... . 1 5 -- Drainage lake -2
Lake Park East Pond............c.cccoeveviveeninene -- -- -- -- --
Lake Park West Pond.............cccocvevenennnnnne -- -- -- -- --
McCarty Pond............... 4 9 - Drainage lake -a
Menomonee Falls Mill Pond.... -- -- -- -- --
Menomonee Parkway Pond.... 2 4 -- Drainage lake -2
Mitchell Park Pond.................. -- -- -- -- --
Milwaukee County Zoo Pond.. . 5 11 -- Seepage lake -a
North Hills Club Ponds...........ccccocveinnnenne -- -- -- -- --
Noyes Park Pond...........ccccceiiiiiiiiinnenne 1 1 -- Drainage lake -a
Rockfield Quarry Pond.. 3 27 -- Seepage lake --
Schroedel Pond............. 5 8 -- Seepage lake --
Washington Park Pond . 11 5 3 Drainage lake -a
Willow Creek Pond .... . -- -- -- -- --
Wood Hospital Pond...........cccoevviriiienieene 1 4 -- Drainage lake - -
Milwaukee River
AllIS LaKE ..o 9 34 -- Seepage lake --
Auburn Lake (Lake Fifteen) .........ccccceevuns 107 29 14 Drainage lake Walk in trail
Barton Pond.................. 67 5 3 Drainage lake Walk in trail
Batavia Pond .... 1 5 -- Drainage lake --
Beechwood Lake .... 11 20 -- Seepage lake Boat ramp
Big Cedar Lake.... 932 105 34 Spring lake Barrier free boat ramp
Birchwood Lake ... . 31 -- -- -- --
Boltonville Pond..........ccccvveiiiiiiiiicineens 10 10 5 -- --
Brickyard Lake.........cccceeveeniiniiiiecieee 1 4 -- Seepage lake --
Brown Deer Park Pond. 6 6 4 Drainage lake -a
Butler Lake................. 7 13 -- Drainage lake Boat Ramp
Buttermilk Lake. 13 6 2 Seepage lake Roadside
Butzke Lake............... 16 8 4 Drainage lake Walk in trail
Cambellsport Millpond . 22 10 4 Drainage lake Walk in trail
Cascade Millpond .........ccoocvveeviieiniiieninen, 7 3 -- Drainage lake Walk in trail
Cedar Lake (Fond du Lac County)............ 19 19 9 Seepage lake Walk in trail
Cedar Lake (Sheboygan County) . . 10 10 6 Seepage lake Wilderness in public ownership
Cedarburg Pond ...........cccccvveennee 14 9 -- Drainage lake --
Cedarburg Stone Quarry .. 6 10 -- Seepage lake --
Chair Factory Millpond.. 6 7 -- Drainage lake --
Columbia Pond........... . -- -- -- -- --
Crooked LaKe .........cccvveiiiiieniriiciiicene, 91 32 12 Seepage lake Barrier free boat ramp
Daly LaKe.......cccoeeoiiiiiiiiiiiiiciciccce 13 8 -- Seepage lake --
Dickman Lake....... 9 12 7 Seepage lake --
Dineen Park Pond 2 5 -- Drainage lake -a
Donut Lake .... 4 3 -- Drainage lake --
Drzewiceki Lake... 2 17 -- Spring lake --
Ehne Lake..... . 18 15 5 Spring lake --
Erler Lake ......ooovvveeiiiieiiiie e 37 34 14 Spring lake --
Estabrook Park Lagoon ...........cccceeevieenne 1 6 -- Drainage lake -a
Forest Lake................ 51 32 11 Seepage lake Walk in trail
Fromm Pit..... 4 28 -- Spring lake Navigable water
Gilbert Lake ............ 44 30 3 Spring lake Navigable water
Gooseville Millpond. 38 7 -- Drainage lake --
Gough Lake............. . 5 29 -- Seepage lake --
Grafton Millpond ..........ccccceviiiiiiiiin, 25 8 -- Drainage lake Boat ramp
Green LaKe ......oovvvveeiiiieiiiiieeiee e 71 37 17 Seepage lake Boat ramp
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Table 35 (continued)

Area Maximum Mean
Name (acres) Depth (feet) Depth (feet) Lake Type Public Access
Milwaukee River (continued)
Haack Lake..........cccooeoiiiiiiiiiiiiiee 16 18 7 Drainage lake --
Hamilton Pondb ... . 6 18 -- Seepage lake --
Hanneman Lake ...........ccccceoiiiiiiiinnnnne 6 18 -- Seepage lake --
Hansen Lake..........cccccoeeiiiiiiiiciicie 6 9 -- Seepage lake --
Hasmer Lake 15 34 17 Drainage lake Walk in trail
Hawthorn Lake........ 8 12 -- Seepage lake --
Hawthorn Hills Pond .. -- -- -- -- --
Horn Lake ........cccoc.. 12 30 -- Seepage lake --
Hurias Lake................ . 26 7 -- Seepage lake --
Juneau Park Lagoon...........cccceeevveniennennns 15 6 4 Drainage lake -a
Kelling Lakes #1 ......cccceevveeiiiiiieeiieeiiieens 1 7 -- Seepage lake Wilderness in public ownership
Kelling Lakes #2 ..... 1 7 -- Seepage lake Wilderness in public ownership
Kelling Lakes #3 .. 3 7 -- Seepage lake Wilderness in public ownership
Keowns Pond.......... 1 15 -- Drainage lake --
Kettle Moraine Lake... 227 30 6 Seepage lake Roadside
Kewaskum Millpond... . 5 8 -- Drainage lake Walk in trail
Lake BerniCe........ccovuvveviiveeiiiiiiiiie e 35 11 5 Drainage lake Roadside
Lake Ellen.......ccccoevviieniiiciiieciece e 121 42 16 Drainage lake Barrier free boat ramp
Lake Lenwood .. 15 38 19 Spring lake --
Lake Seven... 27 25 12 Seepage lake Barrier free boat ramp
Lake Sixteen. 8 13 -- Seepage lake --
Lake Twelve.. 53 20 6 Spring lake --
Lehner Lake.. . 3 22 15 Spring lake --
LentLake......cccooveiiiiiieiieceeeeee 8 7 -- Drainage lake Navigable water
Lime Kiln Millpond.........cccccooeriiniiiniennne 4 7 -- Drainage lake Walk in trail
Lincoln Park Lagoon.. -- -- -- -- --
Lindon Pond............... 2 15 -- Spring lake --
Little Cedar Lake.. 246 56 13 Drainage lake Navigable water, boat launch
Little Drickens Lake 9 20 -- Seepage lake --
Little Mud Lake .........c.cccoeueeene . 18 5 -- Seepage lake --
Long Lake (Ozaukee County)............c.c.... 34 5 -- Seepage lake --
Long Lake (Fond du Lac County) ............. 417 a7 22 Drainage lake Boat ramp, barrier free pier
Lucas Lake ........cccevvvveeniiniennns . 78 15 6 Drainage lake --
Mallard Hole Lake . 2 6 -- Seepage lake Walk in trail
Mauthe Lake.........ccocveeviiiciiiiiiiiiccieees 78 23 12 Drainage lake Boat ramp, barrier free pier
McGovern Park Pond 5 5 3 Drainage lake -a
Mee-Quon Park Pond . -- -- -- -- --
Miller LaKe .......ooveeiieiiieiiieiceieeece 3 16 -- Seepage lake --
Moldenhaur LaKe .........ccccevveniiiiiienecnnene 3 32 -- Seepage lake Walk in trail
Mud Lake (Ozaukee County)..... 245 4 3 Seepage lake Wilderness in public ownership
Mud Lake (Fond du Lac County) . 55 17 8 Drainage lake --
New Fane Millpond...........ccoocvveviveniiinennns 5 5 3 Drainage lake Navigable water
Newburg Pond.........ccccevvieiniiieiiiec e 7 8 -- Drainage lake Walk in trail
Paradise Valley Lake. 9 35 -- Drainage lake --
Pit Lake........cccceevnenn. 35 14 -- Seepage lake --
Proschinger Lake.... 6 23 -- Seepage lake --
Quaas Lake ...... 7 12 -- Spring lake --
Radke Lake... . 10 14 7 Seepage lake --
Random Lake ..........ccoeeiiiiiiiiiie 209 21 6 Drainage lake Boat ramp
Roeckl Lake..........cccocoieiiiiiiiiicce 3 12 -- Seepage lake --
Ruck Pond......... -- -- -- -- --
Schwietzer Pond . 8 4 -- Drainage lake --
Senn Lake.. 16 8 6 Drainage lake --
Silver Lake. 118 a7 20 Drainage lake Boat launch (County)
Smith Lake........cooceevviiieiecreen, . 86 5 3 Seepage lake Boat ramp
Spring Lake (Fond du Lac County)........... 10 2 2 Seepage lake --
Spring Lake (Ozaukee County)................. 57 22 7 Seepage lake --
Spruce LaKe.......cccovveviiieennns . 34 4 3 Seepage lake Walk in trail
Thiensville Millpond 45 8 -- Drainage lake Boat ramp
Tily Lake .... 13 48 24 Spring lake --
Tittle Lake .. . 17 26 -- Drainage lake Navigable water
Uihlein PoNnd ..o 1 8 -- Drainage lake --
Unnamed Lake (T11 R21E, Section 17)... 12 5 -- -- --
Wallace LakKe ..........cccoevveiiiiiiiiiiiices 52 35 11 Spring lake Boat ramp
Washington Park Pond . 11 5 3 Drainage lake -a
Wire and Nail Pond.... . -- -- -- -- --
Zeunert PoONd.........ccocvvevveiienieciieeeeeene -- -- -- -- --
Oak Creek
Oak Creek Parkway Pond......................... 5 8 5 Drainage lake -2
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Table 35 (continued)

Area Maximum Mean
Name (acres) Depth (feet) Depth (feet) Lake Type Public Access
Root River
Boerner Botanical Garden Pond No. 1 2 3 - Drainage lake -2
Boerner Botanical Garden Pond No. 2 1 4 - Drainage lake -2
Boerner Botanical Garden Pond No. 3 8 5 - Drainage lake -2
Dumkes Lake.........c..ccoeeunnee. 7 11 -- Seepage lake --
Franklin High School Pond .. 2 -- - -- -
Koepmier Lake..........c.c.c..... 8 35 -- Seepage lake --
Lake Brittany......... -- -- -- Seepage lake --
Lower Kelly Lake .. 3 36 - Seepage lake Walk in trail
Monastery Lake .... 12 30 - Seepage lake --
MUd LaKe .....c.cvvreeeieeeecereans 5 21 -- Seepage lake -a
North Golf Course Pond No. 1.... 1 4 - Drainage lake -a
North Golf Course Pond No. 2.... 1 4 - Drainage lake -a
North Golf Course Pond No. 3.... 3 8 Drainage lake -a
Quarry Lake.......cccceeeviveeennnen. 20 64 -- Seepage lake Boat ramp
Root River Parkway Pond.... 8 17 -- Seepage lake a
SCOUL LAKE ..ueevereeceeerieceans 8 19 6 Seepage lake -8
Shoetz Park Pond..... 2 -- -- -- --
Upper Kelly Lake ...... 12 31 g Spring lake Boat ramp
Whitnall Park Pond ..........cccoevveiiiieiniineens 15 4 6 Drainage lake a
Lake Michigan Direct Drainage Area
Juneau Park Pond ..........cccceeviiiieiinnicnns 15 6 4 Drainage lake -a
Sheridan Park Pond.............c.ccceuevureennn.. 1 8 4 Seepage lake -a

3private boats of any kind are not allowed on ponds in Milwaukee County Parks. Where available, commercial facilities provide boat liveries operated
by the park.

PThe dam at Hamilton Pond failed in 1996.

Source: Wisconsin Department of Natural Resources and SEWRPC.

The Trophic State Index (TSI) assigns a numerical trophic condition rating based on Secchi-disc transparency,
and total phosphorus and chlorophyll-a concentrations. The original Trophic State Index, developed by Carlson,™*
has been modified for Wisconsin lakes by the Wisconsin Department of Natural Resources using data on 184
lakes throughout the State.*?> The Wisconsin Trophic State Index (WTSI) ratings for Ellen, Forest, Green, and
Wallace Lakes in the Milwaukee River watershed are shown in Figure 24 as a function of sampling date.
Figure 25 shows the WTSI ratings for Big Cedar, Little Cedar, Long (Fond du Lac County), and Random Lakes
in the Milwaukee River watershed as a function of sampling date.

Based on the Wisconsin Trophic State Index ratings shown, the eight lakes in the Milwaukee River watershed for
which data were available may be classified as meso-eutrophic, although the Wisconsin Trophic State Index
values ranged from oligotrophic to eutrophic during the periods of record. The data shown in Figures 24 and 25
suggest that the eight lakes behaved in a similar manner during the study period, although, for some of the lakes,
the data are not sufficient to assess whether the trophic status of these lakes have changed over the study period.
Nevertheless, viewed in their totality, it could be suggested that the eight lakes all behaved in a similar manner.
Data on water clarity form the most complete data sets for all eight lakes, with Green, Big Cedar, Long, and
Random Lakes having data sets that encompassed all or most of the study period.

HR.E. Carlson, “A Trophic State Index for Lakes,” Limnology and Oceanography, Volume 22, 1977.

2R.A. Lillie, S. Graham, and P. Rasmussen, “Trophic State Index Equations and Regional Predictive Equations
for Wisconsin Lakes,” Research and Management Findings, Wisconsin Department of Natural Resources
Publication No. PUBL-RS-735 93, May 1993.
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Figure 24

WISCONSIN TROPHIC STATE INDEX (WTSI) OF LAKES UNDER
200 ACRES IN THE MILWAUKEE RIVER WATERSHED: 1985-2004
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NOTE: See Figure 11 for description of symbols.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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Figure 25

WISCONSIN TROPHIC STATE INDEX (WTSI) OF LAKES OVER
200 ACRES IN THE MILWAUKEE RIVER WATERSHED: 1985-2004
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These data suggest an approximately decadal periodicity, with high WTSI values occurring during the mid-1980s,
declining to lower values during the early 1990s, and returning to slightly high values toward the middle of the
decade. This period repeated, with lower values being observed during the late 1990s. The significant degree of
overlap between years, as shown in Figures 24 and 25, would suggest that these differences are more of degree
than of statistical significance. These same distribution patterns are reflected in the chlorophyll-a and total
phosphorus concentration data, to the extent that they are available. Also, the pattern of periodicity is consistent
among both larger and smaller lakes, those with a surface area of less than 200 acres and those with a surface area
of greater than 200 acres. Green, Long (Fond du Lac County), and Big Cedar Lakes have the most complete
records among the eight lakes for which data are presented.

Based on the Wisconsin Trophic State Index ratings shown, Ellen Lake may be classified as meso-eutrophic. The
annual median WTSI ratings based on Secchi depth have ranged over the study period from about 45 to about 55,
or from mesotrophic to slightly eutrophic as would be consistent with a meso-eutrophic status. Available
chlorophyll-a data and total phosphorus data are largely within the mesotrophic range. Median WTSI values
based upon chlorophyll-a concentrations range from about 46 to 49 in the mid-1980s to about 47 in 1997, while
the median WTSI values based upon total phosphorus concentrations range from about 41 to 47 during the mid-
1980s to about 48 in 1997. The overlap of these annual ranges suggests that any trends in WTSI ratings for this
lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Forest Lake may be classified as oligo-mesotrophic.
The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 37 to about
45, or from oligotrophic to moderately mesotrophic. Available chlorophyll-a data and total phosphorus data
suggest that these values are largely within the mesotrophic range. Median WTSI values based upon
chlorophyll-a concentrations range from about 46 in the mid-1980s to about 39 to 43 in 1995 and 1996. The
median WTSI values based upon total phosphorus concentrations range from about 41 to 45 during the mid-1980s
to about 45 and 46 in 1995 and 1996. The overlap of these annual ranges suggests that any trends in WTSI ratings
for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Green Lake may be classified as mesotrophic. The
annual median WTSI ratings based on Secchi depth have ranged over the study period from about 42 to about 51,
or from mesotrophic to slightly eutrophic as would be consistent with a mesotrophic status. Available
chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range.
Median WTSI values based upon chlorophyll-a concentrations range from about 40 in 2002 to about 50 in 1990,
while the median WTSI values based upon total phosphorus concentrations range from about 43 during the mid-
1980s to about 60 in 1990, although the majority of the total phosphorus-based WTSI values were at or below a
value of 50.™ The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably
are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Wallace Lake may be classified as meso-eutrophic.
The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 44 in 1992
and 1993 to about 55 to 57 during 1997 and 2001, or from mesotrophic to moderately eutrophic. Available
chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range.
Median WTSI values based upon chlorophyll-a concentrations range from about 51 in the mid-1980s to about 46
in the early 1990s to about 49 in 1997. The median WTSI values based upon total phosphorus concentrations
range from about 43 during 1991 to about 48 to 49 in 1985, 1997, and 2001. The overlap of these annual ranges
suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

3The total phosphorus-based WTSI values reported during 1990 suggest that the Lake was eutrophic and high in
total phosphorus; however, the corresponding Secchi disk and chlorophyll-a based WTSI values are inconsistent
with this and suggest a mesotrophic classification.
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Based on the Wisconsin Trophic State Index ratings shown, Big Cedar Lake may be classified as mesotrophic.**
The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 38 to about
51, or from slightly oligotrophic to slightly eutrophic as would be consistent with a mesotrophic status. Available
chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range.
Median WTSI values based upon chlorophyll-a concentrations range from about 36 in the mid-1990s to about 53
in 1991, while the median WTSI values based upon total phosphorus concentrations range from about 40 during
the mid-1990s to about 60 in 1991. The overlap of these annual ranges suggests that any trends in WTSI ratings
for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Little Cedar Lake may be classified as meso-
eutrophic.® The annual median WTSI ratings based on Secchi depth have ranged over the study period from
about 33 to about 52, or from oligotrophic to slightly eutrophic. Available chlorophyll-a data and total phosphorus
data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon
chlorophyll-a concentrations range from about 40 in 1997 and 1998 to about 51 in 2003. The median WTSI
values based upon total phosphorus concentrations range from about 40 during 1997 to about 54 and 55 in 2003
and 2004. The annual ranges set forth in Figure 25 suggest that any trends in WTSI ratings for this lake probably
are the result of interannual variability, at least through the end of the 1990s, with consistently higher values being
reported during the 2000s, which may be suggestive of a trend toward increasing trophic state during these more
recent years.

Based on the Wisconsin Trophic State Index ratings shown, Long Lake (Fond du Lac County) may be classified
as mesotrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from
about 41 to about 48, consistent with a mesotrophic status. Available chlorophyll-a data and total phosphorus data
suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-
a concentrations range from about 42 in the late-1990s to about 50 in the early 1990s, while the median WTSI
values based upon total phosphorus concentrations range from about 44 during the mid-1990s to about 52 during
the late-1990s. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably
are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Random Lake may be classified as eutrophic. The
annual median WTSI ratings based on Secchi depth have ranged over the study period from about 48 to about 65,
or from meso-eutrophic to highly eutrophic. Available chlorophyll-a data and total phosphorus data suggest that
these values are largely within the meso-eutrophic range. Median WTSI values based upon chlorophyll-a
concentrations range from about 46 in 2002 to about 50 in 2004. The median WTSI values based upon total
phosphorus concentrations range from about 47 during 2002 to between about 53 and 55 in 1985, 1997, 2001 and
2004. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the
result of interannual variability.

Figure 26 shows the WTSI ratings for Lower Kelly, Scout, and Upper Kelly Lakes in the Root River watershed as
a function of sampling date.

Based on the Wisconsin Trophic State Index ratings shown, Lower Kelly Lake may be classified as meso-
eutrophic. The data shown in Figure 26 for this lake are not sufficient to assess whether the trophic status of this
lake has changed over the study period.

1See also SEWRPC Memorandum Report No. 137, A Water Quality Protection and Stormwater Management
Plan for Big Cedar Lake, Washington County, Wisconsin, Volume 1. Inventory Findings, Water Quality
Analyses, Recommended Management Measures, August 2001.

15gee also SEWRPC Memorandum Report No. 146, An Aquatic Plant Management Plan for Little Cedar Lake,
Washington County, Wisconsin, May 2004.
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Figure 26

WISCONSIN TROPHIC STATE INDEX (WTSI) OF LAKES IN THE ROOT RIVER WATERSHED: 1993-2005
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Based on the Wisconsin Trophic State Index ratings shown, Upper Kelly Lake may be classified as eutrophic.
While the annual median WTSI rating based on Secchi depth has changed over the study period, the overlap of
annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual
variability.

Based on the Wisconsin Trophic State Index ratings shown, Scout Lake may be classified as eutrophic. While
WTSI ratings for this lake have generally decreased since 1999, the overlap of annual ranges, the increases in the
ratings based upon Secchi depth and chlorophyll-a since 2002, and the similarity of the pattern of change in the
ratings based upon Secchi depth to the pattern of change of ratings for Upper Kelly Lake suggest that the changes
in WTSI ratings for this lake probably are the result of interannual variability.

Bacterial Parameters

No data on concentrations of fecal coliform bacteria were available for lakes within the Milwaukee River
watershed. Some limited data on concentrations of E. coli were available for four lakes. During the period 1998-
2004, the concentrations of E. coli in 22 samples from Big Cedar Lake ranged between 37 cells per 100 ml and 62
cells per 100 ml, with a mean of 48.7 cells per 100 ml. During the period 1998-2004, the concentrations of E. coli
in 29 samples from Green Lake ranged between 35 cells per 100 ml and 66 cells per 100 ml, with a mean of 44.8
cells per 100 ml. During 2004, the concentrations of E. coli in 4 samples from Little Cedar Lake ranged between
51 cells per 100 ml and 61 cells per 100 ml, with a mean of 52.8 cells per 100 ml. During the period 2002-2004,
the concentrations of E. coli in 13 samples from Random Lake ranged between 40 cells per 100 ml and 55 cells
per 100 ml, with a mean of 49.2 cells per 100 ml. The USEPA requires that beaches be posted with warning signs
informing the public of increased health risks when the concentration of E. coli exceeds 235 cells per 100 ml. All
of the samples collected from these four lakes during the baseline period are below this threshold.

In Quarry Lake in the Root River watershed, concentrations of fecal coliform bacteria during the years 1994-1998
range from undetectable to about 80 cells per 200 ml. Concentration of E. coli in this lake during the years 1999-
2001 ranged from undetectable to about 90 cells per 100 ml. While bacterial concentrations showed much
interannual variation, they tended to be highest during July and August. For most dates, the concentrations of
bacteria in Quarry Lake were below the thresholds used for issuing advisories to swimmers.

Chemical and Physical Parameters

Data on water chemistry were available for twelve lakes in the Milwaukee River watershed: Auburn, Big Cedar,
Ellen, Forest, Green, Kettle Moraine, Little Cedar, Long (Fond du Lac County), Mud (Fond du Lac County),
Random, Silver, and Wallace Lakes, and three lakes from the Root River watershed: Lower Kelly, Scout, and
Upper Kelly Lakes.

The temperature data indicate that the majority of lakes for which data are available thermally stratify during the
summer months, with hypolimnetic water temperatures being about 5°C to 15°C below surface water
temperatures on average. Lakes with a maximum depth of less than 35 feet typically have a lesser thermal
gradient than the deeper lakes. During thermal stratification, a layer of relatively warm water floats on top of a
layer of cooler water. Thermal stratification is a result of the differential heating of the lake water, and the
resulting water temperature-density relationships at various depths within the lake water column. Water is unique
among liquids because it reaches its maximum density, or mass per unit of volume, at about 4°C. During
stratification, the top layer, or epilimnion, of the waterbody is cut off from nutrient inputs from the sediment. At
the same time, the bottom layer, or hypolimnion, is cut off from the atmosphere and sunlight penetration. Over the
course of the summer, water chemistry conditions can become different between the layers of a stratified
waterbody. In southeastern Wisconsin, the development of summer thermal stratification begins in late spring or
early summer when surface waters begin to warm, reaches its maximum in late summer, and disappears in the fall
when surface waters cool.

Average surface water temperatures ranged between about 20°C and 30°C, with the warmer surface water
temperatures being reported from the lakes with a maximum depth of less than 30 feet. These lakes include
Auburn, Kettle Moraine, Mud (Fond du Lac County), Random, and Scout Lakes. The deeper water lakes, with
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maximum depths greater than 45 feet, tended to have slightly cooler surface water temperatures during the period
of record, ranging between 20°C and 25°C, during most years. These lakes include Big Cedar, Little Cedar, Long
(Fond du Lac County), and Silver Lakes. Likewise, average hypolimnetic water temperatures typically ranged
between 10°C and 20°C in the shallower lakes with maximum depths of less than 30 feet, and between 5°C and
15°C in the deeper water lakes. These temperature differences were sufficient to set up stable stratification within
these lakes during most years.

During the summer, dissolved oxygen concentrations in the hypolimnia of the lakes tend to be substantially lower
than dissolved oxygen concentrations at the surface. In the deeper lakes, with maximum depths of greater than
45 feet, the hypolimnia become anoxic during most summers. This was also seen in Scout Lake. This is consistent
with the characterization of these lakes as meso-eutrophic or eutrophic waterbodies. The lower oxygen
concentration in the hypolimnion results from depletion of available oxygen through chemical oxidation and
microbial degradation of organic material in water and sediment.

Limited data on other water chemistry parameters were available for several of the lakes in the greater Milwaukee
watersheds. Data for chloride are summarized in Figure 27. As has been noted for other lakes in southeastern
Wisconsin, most lakes for which data were available in the greater Milwaukee watersheds show an increasing
trend in chloride concentrations. This trend is most discernable in those lakes with longer term data sets. These
trends suggest that most lakes within the watersheds have increased chloride levels over the period of record.
During the 1970s, Lillie and Mason reported chloride concentrations of between 5.0 and 10 mg/l in Milwaukee
River watershed lakes.™ Since that time, concentrations in most lakes for which data are available have increased
to between 20 and 50 mg/l. Sources of these chlorides include road salts applied to area roadways during the
winter months, and water softener salts utilized in home water softeners year round. The relative proportions of
these sources vary with proximity to major human settlements and road systems; however, geological sources of
chloride in southeastern Wisconsin are few, leading to the conclusion that the rapid increase in chloride
concentrations is of anthropogenic origin. Threshold concentrations for chloride, above which instream and
in-lake biological impacts may be expected to be observed, are on the order of about 250 mg/I.*" Consequently,
while the lakes of the greater Milwaukee watersheds are well below this threshold, salinization of these lakes may
be considered as an emerging issue of concern.

Water Quality of the Milwaukee Harbor Estuary and the Adjacent Nearshore Lake Michigan Areas

The earliest systematic collection of water quality data in the Milwaukee Harbor estuary occurred in the 1960s.'8
Data collection after that was sporadic until the 1970s. Since then, considerable data have been collected, both
from stations along the mainstems of the Rivers making up the estuary and from stations within and adjacent to
the outer harbor. The major sources of data include MMSD, the WDNR, the USGS, the University of Wisconsin-
Milwaukee, and the USEPA’s STORET legacy and modern databases. Much of these data were obtained from
sampling stations along the mainstems of the Kinnickinnic, Menomonee, and Milwaukee Rivers. In addition,
considerable data were obtained from survey stations in and adjacent to the outer harbor (Map 27).

Prior to the late 1970s, water quality data were sporadically collected from the nearshore area of Lake Michigan.
Since then, considerable data have been collected. The major sources of data include MMSD, the WDNR, the
University of Wisconsin-Milwaukee, and the City of Milwaukee Water Works.

The time periods examined for analytic purposes and graphical comparisons of baseline period water quality
conditions to historical water quality conditions used for the Milwaukee Harbor estuary and the adjacent

°R.A. Lillie and J.W. Mason, Limnological Characteristics of Wisconsin Lakes, Wisconsin Department of
Natural Resources Technical Bulletin No. 138, 1983.

YEritz van der Leeden, Fred L. Troise, and David Keith Todd, The Water Encyclopedia, Lewis Publishers, 1990.

18SEWRPC Technical Report No. 4, op. cit..
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Figure 27

CHLORIDE CONCENTRATIONS IN LAKES IN THE MILWAUKEE RIVER WATERSHED: 1973-2004
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nearshore Lake Michigan areas were similar to those described previously in this chapter for the streams of the
greater Milwaukee watersheds. Based on the availability of data, the period 1998-2004 defines the baseline water
quality conditions in the outer harbor and the nearshore Lake Michigan areas.

Water quality parameters from the outer harbor and nearshore Lake Michigan areas were examined for the
presence of two different types of trends: changes over time and seasonal changes throughout the year. Changes
over time were assessed both on an annual and a seasonal basis. Map 27 and Table 36 show the sampling stations
in and adjacent to the outer harbor which had sufficiently long periods of record to be used for these analyses.
These sampling stations were aligned along four transects running through and adjacent to the outer harbor. West-
east transect number 1 passes eastward through the outer harbor from the mouth of the Milwaukee River, through
the main gap in the breakwall, to a sampling station outside the breakwall. North-south transect number 1 runs
from north to south through the center of the outer harbor. North-south transect number 2 runs along the outside
of the breakwall. Three sampling stations in this transect, OH-05, OH-07, and OH-09, are located at gaps in the
breakwall. Two other stations, OH-06 and OH-08, are located along the breakwall itself. North-south transect
number 3 consists of three stations that are located roughly one mile east of the breakwall. Map 27 and Table 36
also show the sampling stations in the nearshore Lake Michigan area used for these analyses. These sampling
stations are divided into two groups, representing different surveys by MMSD. The first group of stations, the
South Shore survey, is a relatively compact collection of stations located near the outfall from the MMSD South
Shore wastewater treatment plant (WWTP). Data from sampling stations in this survey were analyzed along two
transects (Map 27). West-east transect number 2 passes eastward through four stations as it runs outward from the
lakeshore into Lake Michigan. North-south transect number 4 passes through five stations as it runs southward,
roughly parallel to the shoreline. It is important to note that one sampling station in this survey, SS-01, is located
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Table 36

SAMPLE SITES USED FOR ANALYSIS OF WATER QUALITY TRENDS IN THE
MILWAUKEE OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREAS: 1975-2004

Mean Depth (m)
Period
Location Synonym?@ of Record Surface Middle Bottom Data Sources
Outer Harbor
OH-01 NS-28 1979-2004 1.0 4.8 8.8 MMSD
OH-02 -- 1979-2004 1.0 4.6 8.4 MMSD
OH-03 NS-12 1979-2004 1.0 4.6 8.4 MMSD
OH-04 - - 1979-2004 1.0 2.8 5.0 MMSD
OH-05 -- 1979-2004 1.0 4.8 8.8 MMSD
OH-06 -- 1979-2004 1.0 5.3 10.1 MMSD
OH-07 NS-13 1979-2004 1.0 5.2 9.8 MMSD
OH-08 -- 1979-2004 1.0 5.3 10.1 MMSD
OH-09 -- 1979-2004 1.0 5.6 10.5 MMSD
OH-10 -- 1979-2004 1.0 3.0 5.4 MMSD
OH-11 - - 1979-2004 1.0 4.6 8.4 MMSD
OH-12 -- 1980-2004 1.0 6.1 11.4 MMSD
OH-13 -- 1980-2004 1.0 7.3 13.9 MMSD
OH-14 NS-14 1980-2004 1.0 8.0 15.5 MMSD
OH-15 -- 1980-2004 1.0 2.0 2.6 MMSD
Nearshore
NS-01 -- 1980-2004 1.2 11.7 22.5 MMSD
NS-02 -- 1980-2004 1.2 55 10.2 MMSD
NS-03 -- 1980-2004 11 10.9 211 MMSD
NS-04 -- 1980-2004 1.2 2.8 4.8 MMSD
NS-05 -- 1980-2004 1.1 10.0 19.1 MMSD
NS-06 -- 1980-1992 1.3 15.5 26.1 MMSD
NS-07 -- 1980-2004 1.0 8.6 16.6 MMSD
NS-08 -- 1980-2004 1.0 17.8 33.2 MMSD
NS-09 -- 1980-1992 1.3 254 50.0 MMSD
NS-10 -- 1980-2004 1.2 37.8 71.8 MMSD
NS-11 SS-11 1980-2004 1.0 4.1 7.3 MMSD
NS-12 OH-03 1980-2004 1.0 4.2 7.4 MMSD
NS-13 OH-07 1980-2004 1.0 5.1 9.3 MMSD
NS-14 OH-14 1980-2004 1.0 8.0 14.8 MMSD
NS-15 -- 1987-1988 1.0 5.1 9.6 MMSD
NS-16 -- 1987-1988 1.0 4.8 8.7 MMSD
NS-17 -- 1987-1988 1.0 2.5 4.9 MMSD
NS-18 -- 1987-1988 1.0 4.1 8.0 MMSD
NS-19 -- 1987-1988 1.0 6.5 12.4 MMSD
NS-20 -- 1987-1988 1.0 9.3 19.4 MMSD
NS-21 -- 1987-1988 1.0 51 7.8 MMSD
NS-22 -- 1987-1988 1.0 4.8 9.6 MMSD
NS-23 -- 1987-1988 1.0 2.4 4.7 MMSD
NS-24 -- 1987-1988 1.0 4.8 9.3 MMSD
NS-25 -- 1987-1988 1.0 7.8 15.2 MMSD
NS-26 -- 1987-1988 1.0 20.1 41.3 MMSD
NS-27 SS-07 1998-2004 1.0 3.3 5.7 MMSD
NS-28 OH-01 1998-2004 1.0 4.4 8.0 MMSD
South Shore
SS-01 -- 1979-2004 1.0 3.8 6.8 MMSD
SS-02 -- 1979-2004 1.0 2.9 5.3 MMSD
SS-03 -- 1979-2004 1.0 4.2 7.6 MMSD
SS-04 -- 1979-2004 1.0 3.7 6.8 MMSD
SS-05 -- 1979-2004 1.0 2.8 4.9 MMSD
SS-06 -- 1979-2004 1.0 4.1 7.6 MMSD
SS-07 NS-27 1979-2004 1.0 35 6.3 MMSD
SS-08 -- 1979-2004 1.0 2.8 5.0 MMSD
SS-09 -- 1979-2004 1.0 4.1 7.5 MMSD
SS-10 -- 1980-2004 1.0 3.3 6.0 MMSD
SS-11 NS-11 1980-2004 1.1 4.7 8.5 MMSD
SS-12 -- 1980-2004 1.0 3.7 6.8 MMSD

asynonymous stations are stations used in two surveys. While they represent the same location, sample collection by MMSD was conducted
on different dates.

Source: Milwaukee Metropolitan Sewerage District and SEWRPC.
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at the site of the outfall from the South Shore WWTP. Most of the stations in the second group, the nearshore
survey, are located in the nearshore area roughly between Fox Point and Wind Point. A few stations in this group
are located south of Wind Point; however, they have rather short periods of record (Table 36). The nearshore
stations were aligned along four transects (Map 27). West-east transect number 3 begins offshore from the City of
Oak Creek and passes eastward through three stations. North-south transect number 5 includes five stations and is
closest to the shore. North-south transect number 6 and north-south transect number 7 each pass through three
stations. North-south transect number 7 is farthest from shore. Stations NS-06 and NS-09 were not included in
this transect because no data were available from these stations after 1992.

Bacterial and Biological Parameters

Bacteria

Over the period of record, the median concentration of fecal coliform bacteria in the Milwaukee Harbor estuary
was about 930 cells per 100 milliliters (ml). The median concentrations of fecal coliform bacteria during the
period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were
430 cells per 100 ml, 930 cells per 100 ml, and 930 cells per 100 ml, respectively. Fecal coliform counts in the
estuary varied over seven orders of magnitude, ranging from as low as one cell per 100 ml to over 2.4 million
cells per 100 ml. Counts in many samples exceeded the standard of 1,000 cells per 100 ml applied by the variance
covering the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers that are in the estuary. In addition,
fecal coliform bacteria concentrations in the estuary in most samples exceeded the standard for full recreational
use of 200 cells per 100 ml. Statistically significant trends toward concentrations of fecal coliform bacteria
decreasing over time were detected at all sampling stations in the estuary (see Appendix C in SEWRPC Technical
Report No. 39). In part, these trends reflect sharp decreases in fecal coliform bacteria count between the periods
1987-1993 and 1994-1997. The occurrence of these reductions coincides with the period during which the Inline
Storage System came on line. This suggests that, since 1994, reductions in inputs from combined sewer overflows
related to operation of the Inline Storage System have contributed to reduced loadings of fecal coliform bacteria
into the estuary.

Figure 28 shows concentrations of fecal coliform bacteria at sampling stations along transects through the outer
harbor and nearshore area. The median concentration of fecal coliform bacteria in the outer harbor during the
period of record was 761 cells per 100 milliliters (ml). Fecal coliform bacteria counts in the outer harbor ranged
from below the limit of detection to 110,000 cells per 100 ml. Concentrations of fecal coliform bacteria in the
outer harbor tend to be about an order of magnitude lower than concentrations in the estuary. Concentrations of
fecal coliform bacteria in the outer harbor tend to be one to two orders of magnitude higher than concentrations at
stations in Lake Michigan outside of the harbor. Concentrations of fecal coliform bacteria at all stations in the
outer harbor and along the breakwall decreased sharply after 1993. At several of these stations, these decreases
reflect statistically significant trends toward decreasing concentrations of fecal coliform bacteria (Table 37). The
occurrence of these reductions coincides with the period during which the Inline Storage System came on line. It
suggests that, since 1994, reductions in inputs from combined sewer overflows related to operation of the Inline
Storage System have contributed to reduced loadings of fecal coliform bacteria into the estuary and, consequently,
loadings from the estuary into the outer harbor. At most sampling stations in the outer harbor, concentrations of
fecal coliform bacteria increased between the periods 1994-1997 and 1998-2002. However, at most stations, the
concentrations of fecal coliform bacteria observed during the period 1998-2002 were below the levels observed in
the periods before 1994,

During the period of record, concentrations of fecal coliform bacteria in the nearshore Lake Michigan area ranged
from below the limit of detection to 110,000 cells per 100 ml. The mean concentration was 526 cells per 100 ml.
Given that the median concentration was four cells per ml, this mean is probably high due to the effects of a
relatively small number of samples with unusually high concentrations. When analyzed on an annual basis,
several sampling sites in the nearshore survey showed statistically significant trends toward decreasing fecal
coliform concentrations (Table 37). At some stations, these trends accounted for small fractions of the variation
observed.
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Figure 28

FECAL COLIFORM BACTERIA CONCENTRATIONS AT SITES IN THE
MILWAUKEE OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREA: 1975-2004
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Fecal coliform bacteria concentrations in the estuary tend to be positively correlated with concentrations of
biochemical oxygen demand and with concentrations of several nutrients including ammonia, dissolved
phosphorus, total phosphorus, and total nitrogen. These correlations may reflect the fact that these pollutants, to
some extent, share common sources and modes of transport into the estuary. Fecal coliform bacteria
concentrations are also strongly positively correlated with concentrations of E. coli, reflecting the fact that E. coli
constitute a major component of fecal coliform bacteria. In addition, fecal coliform bacteria concentrations at
some stations in the estuary are negatively correlated with several measures of dissolved material such as
alkalinity, chloride, hardness, and pH. In the outer harbor, concentrations of fecal coliform bacteria are positively
correlated with concentrations of total phosphorus. The long-term trends toward declining fecal coliform bacteria
concentrations represent an improvement in water quality.

MMSD began regular sampling for E. coli at sampling stations in the estuary and outer harbor in 2000. Median
concentrations of E. coli in the Milwaukee Harbor estuary during the period 2000-2002 were 410 per 100 ml. The
median concentrations of E. coli during the period of record in the portions of the Kinnickinnic, Menomonee, and
Milwaukee Rivers within the estuary were 290 cells per 100 ml, 520 cells per 100 ml, and 410 cells per 100 ml,
respectively. Counts of E. coli in the estuary varied over six orders of magnitude, ranging from as low as 0.5 cells
per 100 ml to 240,000 cells per 100 ml. No statistically significant differences in mean concentrations of E. coli
were detected through ANOVA among the Kinnickinnic River, Menomonee River, and Milwaukee River portions
of the estuary.

The median concentration of E. coli in the outer harbor during the period 2000-2002 was 22 cells per 100 ml.
Counts of E. coli in the outer harbor varied over four orders of magnitude, ranging from below the limit of
detection to 3,300 cells per 100 ml. Median concentrations of E. coli at sites in the outer harbor ranged between
seven and 96 cells per 100 ml. Median concentrations of E. coli at sites outside the outer harbor were below the
limit of detection.
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Table 37

ANNUAL TRENDS IN WATER QUALITY PARAMETERS AT SAMPLING STATIONS IN
THE MILWAUKEE OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREAS: 1975-20042

Trend (percent sampling stations)b'c
Outer Harbor Nearshore South Shore
No No No
Constituent Increase Decrease Change Increase Decrease Change Increase Decrease Change
Bacteria and Biological
Fecal Coliformd 0 53 a7 0 71 29 8 0 92
E.colid............... 0 0 60 0 0 21 0 0 66
Chlorophyll-ad .................. 0 67 33 0 93 7 0 100 0
Chemical/Physical
AlKalinity .......ccooveeveeniennn. 7 0 93 0 0 100 0 25 75
Biochemical Oxygen
Demandd...................... 7 20 0 0 29 0 0 33 0
Chlorided ............... 100 0 0 79 0 21 100 0 0
Dissolved Oxygen.. 0 53 47 0 21 79 0 100 0
Hardness ........cccccovvvveenns 0 7 93 0 0 100 0 0 100
PH oo a7 7 46 29 0 71 75 0 25
Secchi Depth ............ 100 0 0 100 0 0 100 0 0
Specific Conductance....... 0 87 13 0 29 14 0 100 0
Suspended Material
Total Suspended
Sediment.........cccccovunen. 0 0 0 0 0 0 0 0 0
Total Suspended Solids.... 40 7 53 21 0 21 8 0 92
Nutrients
Ammoniad ............cccco...... 0 100 0 0 50 50 0 100 0
Kjeldahl Nitrogend ............ 0 87 13 0 29 71 0 25 75
Nitrated . 93 0 7 64 0 36 100 0 0
Nitrited 27 33 40 14 21 65 8 75 17
Organic Nitrogend ............ 53 0 a7 21 0 79 17 0 83
Total Nitrogend 0 33 67 0 29 71 0 0 100
Dissolved Phosphorusd.... 20 0 80 50 0 50 92 0 8
Total Phosphorusd ........... 7 60 33 64 21 15 25 0 75
Metals
Arsenicd......oooooooiinn, 86 0 7 93 0 7 8 0 92
Cadmiumd ..........cco..ec...... 0 100 0 0 100 0 0 100 0
Chromiumd..............cco...... 0 93 7 0 100 0 0 100 0
Copperd... 13 0 87 14 0 86 0 0 100
Leadd ......coovvvveirrnren. 0 100 0 0 100 0 0 100 0
Mercuryd........ocoooovii. 0 7 13 0 0 7 0 0 0
Nickeld 0 100 0 0 100 0 0 100 0
Zincd. oo, 40 0 60 64 0 36 25 0 75

aTrends were assessed through linear regression analysis. A trend was considered significant if the regression showed a significant slope at P = 0.05
or less. Because MMSD stopped sampling during the winter in 1987, data from winter months were not included in the annual trend analysis.

PTrends were assessed at 15 sampling stations from the outer harbor survey, 14 sampling stations in the nearshore survey, and 12 sampling stations
from the South Shore survey.

CFor any constituent, the total percentage of sampling stations assessed in a survey may not add up to 100 percent because data at some sampling
stations were insufficient for assessing time-based trends.

dThese data were log-transformed before being entered into regression analysis.

Source: SEWRPC.

MMSD began regular sampling for E. coli at four long-term sampling stations in the nearshore survey in 2003.
These stations were in or near the outer harbor. Concentrations of E. coli at these stations ranged from below the
limit of detection to 3,300 cells per 100 ml. The mean concentration at these stations was 215 cells per 100 ml.
Given that the median concentration was 20 cells per ml, this mean is probably high due to the effects of a
relatively small number of samples with unusually high concentrations.
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During 2003 and 2004, the University of Wisconsin-Milwaukee Great Lakes WATER Institute conducted studies
on the transport and fate of bacteria through the estuary, outer harbor, and adjacent areas of Lake Michigan.™
These studies included extensive surveys of E. coli concentrations to characterize transport of bacteria through the
estuary and harbor and antibiotic resistance testing to determine whether fecal coliform bacteria including E. coli
were derived from human sources. Among the results of these studies were the following findings:

. After a rainfall, bacterial pollution travels in a distinct plume with river water as it moves through the
outer harbor and past the harbor breakwall,

. Concentrations of E. coli outside of the plume are lower than can be accounted for by the effects of
dilution with lake water,

o During combined sewer overflow (CSO) events, E. coli concentrations decreased drastically outside
of the harbor breakwall during overflows as the pollution plume mixed with lake water, and

. During overflow events, E. coli could not be detected at concentrations above the background
concentration of 10 cells per 100 ml at distances greater than 3.1 miles from the harbor breakwall.

Chlorophyll-a

Over the period of record, the mean concentration of chlorophyll-a in the Milwaukee Harbor estuary was
16.6 ug/l. Individual samples of this parameter ranged from 0.1 ng/l to 382.0 ug/l. Significant differences were
detected among the mean values of chlorophyll-a in the estuary portions of the Kinnickinnic, Menomonee, and
Milwaukee Rivers. The mean concentration of chlorophyll-a in the portion of the Milwaukee River in the estuary
was significantly higher than the mean concentrations of chlorophyll-a in the Kinnickinnic and Menomonee
Rivers during all periods. During the baseline period, the mean concentration of chlorophyll-a in the portion of
the Menomonee River in the estuary was higher than the mean concentration of chlorophyll-a in portion of the
Kinnickinnic River in the estuary. Concentrations of chlorophyll-a have decreased in much of the estuary,
especially in the Kinnickinnic River and Menomonee River portions. Statistically significant trends toward
decreasing chlorophyll-a concentrations were detected at sampling stations in the estuary portions of both these
rivers (see Appendix C in SEWRPC Technical Report No. 39). These changes occurred at roughly the time when
the Inline Storage System came online and may reflect reductions of nutrient inputs related to the reduction in the
number of combined sewer overflows. Decreases in chlorophyll-a concentrations have also been observed at
sampling stations in the estuary portion of the Milwaukee River; however, these decreases generally took place
after 1998.

Over the period of record, the mean concentrations of chlorophyll-a in the outer harbor and nearshore Lake
Michigan areas were 8.9 xg/l and 4.9 ug/l, respectively. Figure 29 shows chlorophyll-a concentrations at stations
along transects through the outer harbor and in the nearshore area. In all periods, chlorophyll-a concentrations
were higher at sampling stations in, and immediately adjacent to, the outer harbor than at sampling stations farther
outside the harbor. At most stations in the outer harbor, concentrations of chlorophyll-a increased between the
periods 1975-1986 and 1987-1993. This increase was followed by a decrease after 1994. At some stations within
the outer harbor, chlorophyll-a concentrations increased slightly after 1997. Chlorophyll-a concentrations in the
nearshore area have decreased over time. The magnitude of the decreases varies among stations. The decreases in
chlorophyll-a concentrations at sampling stations in the outer harbor and nearshore area represent statistically
significant trends (Table 37). The decreases in chlorophyll-a concentrations in the harbor and nearshore area have
been accompanied by improvements in the trophic status of the nearshore areas as measured by the Carlson

Sandra L. McLellan and Erika Jensen Hollis, Bacteria Source, Transport, and Fate Study—Phase I, Volume 3,
University of Wisconsin Great Lakes WATER Institute Contribution No. 470, August 2005.
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Figure 29

CHLOROPHYLL-A CONCENTRATIONS AT SITES IN THE MILWAUKEE
OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREA: 1975-2004
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Source: Milwaukee Metropolitan Sewerage District and SEWRPC.

Trophic State Indices and the Lake Trophic Status Index.?® Several factors may account for the decrease in
chlorophyll-a concentrations in the outer harbor and nearshore areas of Lake Michigan. Much of these decreases
appear to be the result of filtering activities of zebra mussels and quagga mussels. Beds of zebra mussels
containing 100,000 or more mussels per square meter have been reported in Lake Erie?* and Lake Michigan.?
Large adult zebra mussels have been observed to remove particles from water at rates over 1.5 liters per day
through filter feeding.?® This removal of phytoplankton from the water column coupled with reduced nutrient
loads to the inner harbor, resulting from both reductions of combined sewer overflows since the Inline Storage
System came online and nonpoint source pollution control efforts, may account for the decrease in chlorophyll-a
concentrations in the inner harbor.

Several factors can affect chlorophyll-a concentration in the outer harbor and nearshore area. Phytoplankton
populations, which chlorophyll-a concentrations estimate, are strongly influenced by the availability of nutrients,
especially phosphorus and, during the spring diatom bloom, silica. Changes in levels of nutrient input can be

“Milwaukee Metropolitan Sewerage District, “Trophic State and Chlorophyll in the Milwaukee, Wisconsin
Harbor and Surrounding Nearshore Waters,” October 2001.

ZIE L. Snyder, M.B. Hilgendorf, and D.W. Garton, “Zebra Mussels in North America: The Invasion and its
Implications,” Ohio Sea Grant, Ohio State University, Columbus, Ohio, http://www.sg.ohio-state.edu/
fsearch.html, 1997.

#].E. Marsden, N. Trudeau, and T. Keniry, “Zebra Mussel Study on Lake Michigan: Final Report to the Illinois
Department of Conservation,” Illinois Natural History Survey, Technical Report No. 93/4, 1993.

3Jin Lei, Barry S. Payne, and Shiao Y. Wang, “Filtration Dynamics of the Zebra Mussel, Dreissena
polymorpha,” Canadian Journal of Fisheries and Aquatic Sciences, Volume 48, 1996.
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reflected as changes in chlorophyll-a concentration. Grazing by zooplankton and other suspension feeding
animals, such as zebra mussels, can remove phytoplankton from the water column, resulting in a decrease in the
concentration of chlorophyll-a. At most stations in the estuary, outer harbor, and nearshore area chlorophyll-a
concentrations are negatively correlated with concentrations of nitrate. In addition, chlorophyll-a concentrations
in the estuary and outer harbor are negatively correlated with concentrations of dissolved phosphorus. This
reflects the role of these compounds as nutrients for algal growth. As algae grow, they remove these compounds
from the water and incorporate them into cellular material. Chlorophyll-a concentrations are also positively
correlated with temperature, reflecting higher algal growth rates and standing crops during warmer weather.
Chlorophyll-a concentrations at some stations are also negatively correlated with alkalinity. Since chlorophyll-a
concentrations in water strongly reflect algal productivity, this correlation probably reflects lowering of alkalinity
during photosynthesis through removal of inorganic carbon, mostly carbon dioxide, bicarbonate, and carbonate,
from the water. The trends toward decreasing chlorophyll-a concentrations in the estuary, outer harbor, and
nearshore area represent improvements in water quality.

Chemical and Physical Parameters

Temperature

The mean water temperature in the Milwaukee Harbor estuary during the period of record was 14.8 degrees
Celsius (°C). Water temperatures in individual samples ranged from 0°C to 34.1°C. The mean water temperatures
during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the
estuary were 12.2°C, 14.8°C, and 13.0°C, respectively. Analysis of variance showed that during all periods, the
mean water temperature in the Menomonee River portion of the estuary was significantly higher than the mean
water temperatures in the Kinnickinnic River and Milwaukee River portions of the estuary. During most periods,
no statistically significant differences were found between mean water temperatures in the Kinnickinnic River and
Milwaukee River portions of the estuary. Statistically significant trends toward increasing water temperature were
detected at most sampling stations in the estuary, though at several stations these trends accounted for only a
small portion of the variation in the data (see Appendix C in SEWRPC Technical Report No. 39).

The median water temperature in the outer harbor over the period of record was 12.5°C. Water temperatures in
individual samples ranged from 0.4°C to 27.6°C. Figure 30 shows water temperatures collected at sampling
stations along transects through the outer harbor and nearshore area. Water temperatures of water flowing into the
outer harbor from the estuary tended to be warmer than ambient water temperatures in the outer harbor. Similarly,
water temperatures in the outer harbor tended to be warmer than water temperatures at stations outside the
breakwall.

Figure 30 shows evidence of changes over time in the temperature regime in the outer harbor. Temperatures at
most of the stations in or adjacent to the outer harbor appear to have remained stable or decreased over the three
periods from 1987 through 2004. It is important to note that the increase in temperatures between the periods
1975-1986 and 1987-1993 shown in Figure 30 was due to the inclusion of data collected during the winter during
the earlier period.?* This apparent stability obscures the presence of some trends in the data. When examined on
an annual basis, regression analysis revealed that there were statistically significant trends toward increasing
water temperatures at most sampling stations in the outer harbor.? These trends appear to result, in part, from the
annual warming of water in the outer harbor occurring earlier and the annual cooling of water in the outer harbor
occurring later in recent years than they did during the past.

The median water temperature in the nearshore Lake Michigan area was 11.4°C, with temperatures in individual
samples ranging from 0°C to 27.6°C. There are several patterns in temperature data from the nearshore area. First,

2AMMSD stopped sampling during the winter in 1987.

*The trend analysis of water temperatures excluded the winter data, which were only collected from 1975
through 1986.

158



Figure 30

WATER TEMPERATURE AT SITES IN THE MILWAUKEE
OUTER HARBOR AND ADJACENT LAKE MICHIGAN AREA: 1975-2004
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water temperatures tended to be higher in surface water samples than in samples collected from the bottom. This
reflects thermal stratification of Lake Michigan during summer months (see the section on Water Quality of
Lakes and Ponds above). In the open waters of Lake Michigan, the epilimnion may contain the upper 20 meters or
more of the water column at the height of stratification. Nearer to shore, it may be thinner due to sediment
resuspension from wind-driven turbulent mixing, upwelling, higher turbidity from sediment inputs from adjacent
land, and algal growth. Second, temperatures in surface water tended to be lower at stations that were farther
offshore; however, statistical analysis did not detect any significant differences or trends among stations based on
distance from shore. Third, water temperatures in samples collected near the bottom showed considerable
variation among sites. This variation tended to correspond to water depth with temperatures being cooler and
showing less variability at deeper sites. Fourth, water temperatures at sampling stations in the nearshore area
show a complicated pattern of change over time. At most stations, they increased between the periods 1975-1986
and 1987-1993, decreased after 1993, and increased after 1998. It is important to note that the increase between
the periods 1975-1986 and 1987-1993 was due to the inclusion of data collected during the winter in the
earlier period.

Baseline period mean water temperatures at station NS-11 exceeded historical means during the months of July
and August. These higher mean water temperatures during summer months may reflect changes in summer wind
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patterns over the Great Lakes. Prevailing winds during summer months over southern Lake Michigan shifted from
coming from the southwest during the 1980s to coming from the east during the 1990s.%° This change in wind
direction was accompanied by an increase in wind speed, especially during the month of August. It is important to
note that this change in wind direction and speed represents the average condition during the summer. During any
summer, there was variation in wind direction and speed. What this change in average condition means is that
during summer months in the 1990s, winds coming from the east were much more common than they were during
summer months in the 1980s. Any effects associated with easterly winds, should also be expected to be more
common during the 1990s. A change in wind direction toward easterly winds would tend to push warmer,
epilimnetic water toward the western shore of the Lake and might result in piling up of warmer water in the
nearshore area. This sort of change would make the nearshore area more suitable for species whose thermal
tolerances and preferences are more similar to the relatively warmer summer water temperatures seen during the
1990s. By contrast, the area may have become less suitable for species whose thermal tolerances and preferences
are more similar to the relatively cooler summer water temperatures seen during the 1980s. This may be a factor
in the recent resurgence of Cladophora as a nuisance alga.

Water temperatures in the estuary, outer harbor, and nearshore area are the result of a complex process driven by
several factors. Ultimately, water temperatures in these areas are the result of solar heating and the seasonal cycle.
In the outer harbor, the influx of relatively warm water from the estuary and solar heating tend to increase water
temperatures while the influx of relatively cool water from Lake Michigan through the gaps in the breakwall tends
to decrease water temperatures. The relative strengths of these influences will be affected by factors such as water
levels in the Lake, the amount of discharge from the Rivers flowing into the estuary, and water clarity in the outer
harbor. In the nearshore area, climatic factors such as wind patterns can affect water temperatures.

The trends toward increasing water temperature in estuary stations and some outer harbor stations represent a
reduction in water quality.

Alkalinity

The mean value of alkalinity in the Milwaukee Harbor estuary over the period of record was 199.2 mg/l as
CaCOg3. The data show moderate variability, ranging from 5.0 to 999.0 mg/l as CaCO3. During all periods, except
for the period 1987-1993, significant differences were detected among the mean values of alkalinity in the estuary
portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers. Mean alkalinity in the Milwaukee River
portion of the estuary was significantly higher than the mean alkalinity in both the Menomonee River and
Kinnickinnic River portions of the estuary and mean alkalinity in the Menomonee River portion of the estuary
was significantly higher than mean alkalinity in the Kinnickinnic River portion of the estuary. These differences
may reflect differences in the relative importance of groundwater and surface runoff on the chemistry of water in
different portions of the estuary with surface runoff having a greater influence on the water chemistry of the
Kinnickinnic River portion of the estuary. The mean concentration of alkalinity in the outer harbor was 136.9
mg/l as CaCO3. The range of variation in the outer harbor was greater than that seen in the estuary with values
ranging from 5.0 to 1,531 mg/I as CaCO3 The mean value of alkalinity in the nearshore Lake Michigan area was
128.9 mg/l as CaCO3 with values ranging from 5.0 to 1,531 mg/l as CaCO3. Few statistically significant time-
based trends were detected in alkalinity in the estuary, outer harbor, and nearshore area. Trends toward increasing
alkalinity were detected at a few stations, but these either accounted for a small portion of the variation in the data
or were based on relatively small numbers of samples. Alkalinity concentrations in the estuary and outer harbor
are strongly correlated with hardness, specific conductance, and concentrations of chloride, all parameters which,
like alkalinity, measure amounts of dissolved material in water. At several stations in the estuary and outer harbor,
alkalinity is negatively correlated with temperature, reflecting the fact that it indirectly measures concentrations of
carbon dioxide in water and that solubility of gases in water decreases with increasing temperature. Few
correlations were found between alkalinity and other water quality parameters in the nearshore survey.

%James T. Waples and J. Val Klump, “Biophysical Effects of a Decadal Shift in Summer Wind Direction over the
Laurentian Great Lakes,” Geophysical Research Letters, Volume 29, 2002.
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Biochemical Oxygen Demand

The mean concentration of BOD in the Milwaukee Harbor estuary during the period of record was 2.88 mg/l.
Concentrations in individual samples varied from below the limit of detection to 52.43 mg/l. The mean values of
BOD during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within
the estuary were 2.76 mg/l, 2.88 mg/l, and 2.96 mg/l, respectively. Statistically significant differences were found
among mean BOD concentrations in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within
the estuary; however, the relationships among BOD concentrations in these sections of the estuary appear to be
dynamic and changing over time. During the period 1998-2002, the mean concentrations of BOD in the
Menomonee River and Milwaukee River portions of the estuary were significantly higher than the mean
concentration of BOD in the Kinnickinnic River portion of the estuary. When examined on an annual basis,
statistically significant decreasing trends in BOD concentration over time were detected at all stations in the
estuary (see Appendix C in SEWRPC Technical Report No. 39). At several stations, these trends accounted for a
substantial portion of the variation in the data. The fact that the sampling stations in the estuary are all within the
area served by combined sewers suggests that the decrease over time in BOD concentrations in the estuary is
being caused, at least in part, by reductions of inputs from combined sewer overflows resulting from operation of
the Inline Storage System. The mean concentration of BOD over the period of record at sampling stations in the
outer harbor was 1.75 mg/l. At most of those stations for which sufficient data exist, the concentration of BOD
has decreased over time. These decreases represent statistically significant trends (Table 37). The mean
concentration of BOD in the nearshore Lake Michigan area during the period of record was 1.53 mg/l. Individual
samples varied from below the limit of detection to 8.80 mg/I. It is important to note that since data were available
from only four sampling stations in the nearshore survey that are relatively close to either the outer harbor or the
outfall from the South Shore WWTP, this average may not be representative of concentrations in other sections of
the nearshore area. Table 37 shows that statistically significant trends toward decreasing BOD concentrations
were detected at all sampling stations for which data are available.

Several factors may influence BOD concentrations in the Milwaukee Harbor estuary, outer harbor, and nearshore
Lake Michigan area. Parts of the estuary and outer harbor act as settling basins for suspended material.
Decomposition of organic material in sediment may act as a source of BOD to overlying water. BOD
concentrations in the estuary are positively correlated at most stations with concentrations of fecal coliform
bacteria and some nutrients such as ammonia, organic nitrogen, and total phosphorus. Some of these correlations
also occurred in the outer harbor and nearshore area. These correlations may reflect the fact that these pollutants,
to some extent, share common sources and modes of transport into the estuary. In addition, at some stations BOD
concentrations are negatively correlated with dissolved oxygen concentrations. The declining trends in BOD
concentrations over time in the estuary, outer harbor, and nearshore area represent an improvement in
water quality.

Chloride

The mean chloride concentration in the Milwaukee Harbor estuary for the period of record was 61.7 mg/l. All
sites show wide variations between minimum and maximum values. Individual samples of this parameter ranged
from 5.6 mg/l to 650.5 mg/l. Statistically significant trends toward increasing chloride concentration were
detected at all stations in the estuary. The mean concentration of chloride in the outer harbor during the period of
record was 32.5 mg/l. Concentrations in individual samples ranged between 0.3 mg/l to 250.0 mg/Il. Figure 31
shows chloride concentrations at sampling stations in and around the outer harbor. Concentrations of chloride
were higher at stations in the inner harbor than at stations outside the breakwall. At all stations, chloride
concentrations have increased over time. Table 37 shows that statistically significant trends toward increasing
chloride concentration were detected at all sampling stations within, and adjacent to, the outer harbor.

Chloride concentrations in the estuary and outer harbor show strong positive correlations with alkalinity,
hardness, and specific conductance, all parameters which, like chloride, measure amounts of dissolved material in
water. Chloride concentrations in the estuary are also positively correlated with TSS concentrations. This may
reflect common mechanisms of entry into surface waters. In addition, chloride concentrations in the estuary are
negatively correlated with temperature, reflecting the use of deicing salts on streets and highways during
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Figure 31 the winter. The increase in chloride concentrations in
CHLORIDE CONCENTRATIONS AT SITES thet estuarlyt and outer harbor represents a decline in
IN THE MILWAUKEE OUTER HARBOR AND water quality.

ADJACENT LAKE MICHIGAN AREA: 1975-2004
The mean concentration of chloride in the nearshore
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The distribution of chloride concentrations in tributaries to Lake Michigan, the Milwaukee Harbor estuary, outer
harbor, and nearshore Lake Michigan areas indicate several sources of chloride to Lake Michigan. Chloride in
water flowing into the Lake from tributaries is one source. Mean concentrations of chloride measured in streams
and rivers flowing into the Lake are many times higher than the ambient concentration offshore. For example,
mean concentrations of chloride in Fish Creek, Oak Creek, and the Root River were about 250 mg/Il, 158 mg/I,
and 143 mg/l, respectively (see SEWRPC Technical Report No. 39). The mean concentrations of chloride in the
Milwaukee Harbor estuary and the outer harbor were about 62 mg/l and 32 mg/l, respectively. While these
concentrations are somewhat lower than those observed in Fish Creek, Oak Creek, and the Root River, in part due
to mixing with water from the Lake, they are still higher than mean ambient concentrations in offshore areas of
the Lake. The mean chloride concentration of 62 mg/l in the estuary and the mean discharge at Jones Island of
448 cfs suggest that the Kinnickinnic, Menomonee, and Milwaukee Rivers contributed approximately 490,000
tons of chloride, or the equivalent of 806,000 tons of salt, to Lake Michigan over the period 1983 to 1999. This
represents about 4.5 percent of the chloride required to account for the increase in chloride concentrations in the
Lake. While this is a very rough estimate, the fact that discharge from the Milwaukee Harbor estuary represents
about 1.5 percent of the discharge into Lake Michigan from major tributaries®® suggests that it is not an

#"Mark E. Holey and Thomas N. Trudeau, “The State of Lake Michigan in 2000,” Great Lakes Fisheries
Commission Special Publication No. 05-01, 2005.

2Clifford H. Mortimer, Lake Michigan in Motion: Responses of an Inland Sea to Weather, Earth-spin, and
Human Activities, The University of Wisconsin Press, 2004.
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unreasonable estimate. Additional likely sources of chloride to Lake Michigan include effluent from wastewater
treatment plants and direct runoff from the Lake Michigan direct drainage area.

The increase in chloride concentrations detected at stations in the nearshore Lake Michigan areas represents a
decrease in water quality.

Dissolved Oxygen

Over the period of record, the mean concentration of dissolved oxygen in the Milwaukee Harbor estuary was
7.2 mg/l. The data ranged from concentrations that were undetectable to concentrations in excess of saturation.
The mean concentrations of dissolved oxygen during the period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estuary were 6.2 mg/l, 5.8 mg/l, and 8.6 mg/l, respectively. During
most periods, mean concentrations of dissolved oxygen in the Milwaukee River portion of the estuary were
significantly higher than mean concentrations in the Kinnickinnic River and Menomonee River portions of the
estuary. No statistically significant differences were found between mean concentrations of dissolved oxygen in
the Kinnickinnic River and Menomonee River portions of the estuary. Few statistically significant time-based
trends were found in dissolved oxygen concentration in the estuary. When examined on an annual basis, trends
toward increasing concentration for dissolved oxygen were detected at four stations in the estuary (see
Appendix C in SEWRPC Technical Report No. 39). Comparison of these trends toward increasing dissolved
oxygen concentrations at some stations in the estuary to trends toward decreasing BOD and decreasing ammonia
suggests that a decrease in loadings of organic pollutants may be responsible for the increase in dissolved oxygen
concentration at these sites during the summer. This is a likely consequence of a reduction in loadings from
combined sewer overflows since the MMSD Inline Storage System went on line.

The mean concentration of dissolved oxygen during the period of record in the outer harbor was 9.3 mg/l. The
data ranged from concentrations that were undetectable to concentrations in excess of saturation. Figure 32 shows
dissolved oxygen concentrations at sampling stations along transects through the outer harbor and in the nearshore
Lake Michigan area. Concentrations of dissolved oxygen tend to be lower at stations in the outer harbor than at
stations outside the breakwall. Figure 32 also shows changes over time in dissolved oxygen concentrations. The
range of dissolved oxygen concentrations decreased at most stations after 1986, reflecting the fact that after 1986
MMSD discontinued sampling during the winter when increased dissolved oxygen concentrations would occur
due to the higher solubility of oxygen in colder water. Thus, this decrease reflects changes in the sampling
protocol, not changes in the range of dissolved oxygen concentrations in the River. Dissolved oxygen
concentrations decreased at several stations in the outer harbor between the periods 1994-1997 and 1998-2004.
Statistically significant trends toward decreasing dissolved oxygen concentration were detected at some sampling
stations in and adjacent to the outer harbor (Table 37). These generally accounted for a small portion of the
variation in the data.

Several factors can affect dissolved oxygen concentrations in the estuary and outer harbor.

. First, decomposition of organic matter contained in the sediment, through chemical and especially
biological processes, removes oxygen from the overlying water, lowering the dissolved oxygen
concentration. Portions of the estuary and outer harbor act as settling basins in which material
suspended in water sink and fall out into the sediment. This supplies organic material to the sediment
in these sections of the estuary and outer harbor.

° Second, influxes of water from Lake Michigan and from the Rivers that flow into the estuary may
influence dissolved oxygen concentrations in the estuary and outer harbor. When dissolved oxygen
concentrations in these waterbodies are higher than in the estuary, mixing may act to increase
dissolved oxygen concentrations in the lower estuary. Similarly, when dissolved oxygen
concentrations in these waterbodies are lower than in the estuary, mixing may act to decrease
dissolved oxygen concentrations in the lower estuary.
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Figure 32

DISSOLVED OXYGEN CONCENTRATIONS AT SITES IN THE MILWAUKEE
OUTER HARBOR AND ADJACENT LAKE MICHIGAN AREA: 1975-2004

West-East Transect Number 1 - Surface West-East Transect Number 1 - Bottom
25 25
Standard- Standard-
5 mg/l 5 mg/l
20 | o o 1 o 20 = (] *
* ° e ° *
i *
* ¥
15 — H 15 *

Dissolved Oxygen (mg/l)
Dissolved Oxygen (mg/l)

*

T %%
——

k!

; :

e — T

; T * j 5 * ¥ 1 * ry j
Standard- Standard-
6 g/l 6 ngll
0 T T T T T 0 T T T T T
OH-01 OH-02 OH-03 OH-07 OH-14 OH-01 OH-02 OH-03 OH-07 OH-14
West East West East
North-South Transect Number 6 - Surface North-South Transect Number 6 - Bottom
25 25

= 207 _ 20 o

5 15 - § 15 o i ¥ %

j=2) (=2

< <

5 5 %, %

el °

g 104 é g 10

S 2 "

3 a *

a fa}

5 — 5 -
0 T T T 0 T T T

NS-08 NS-05 NS-02 NS-08 NS-05 NS-02
North South North South

[0 1975-1986 1987-1993 1994-1997 O 1998-2004

NOTE: See Figure 11 for description of symbols and Map 27 for locations of monitoring stations relative to the outer harbor and the
adjacent Lake Michigan area.

Source: Milwaukee Metropolitan Sewerage District and SEWRPC.

° Third, dissolved oxygen concentrations at some stations in the estuary and outer harbor are positively
correlated with pH. This reflects the effect of photosynthesis on both of these parameters. During
photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the pH of
the water. At the same time, oxygen is released as a byproduct of the photosynthetic reactions.

. Fourth, the solubility of oxygen in water is dependent upon water temperature. As temperature
increases, oxygen becomes less soluble. Thus, increases in water temperature in the estuary will tend
to lower the concentration of dissolved oxygen.

. Fifth, dissolved oxygen concentrations in water can be affected by numerous other factors including
the presence of aquatic plants, sunlight, and the amount of and type of sediment.

The increases in dissolved oxygen concentrations at some stations in the estuary represent an improvement in
water quality. The decreases in dissolved oxygen at some stations in the outer harbor represent a decline in water
quality.

Over the period of record, the mean concentration of dissolved oxygen in the nearshore Lake Michigan area was
10.2 mg/l. At sampling stations in the nearshore area, dissolved oxygen concentrations during the period 1987-
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1993 were lower than concentrations during the period 1975-1986 (Figure 32). This was followed by an increase
in concentrations during the period 1994-1997 and another decrease during the period 1998-2004. Figure 32 also
shows that the range of dissolved oxygen concentrations decreased at most stations after 1986 in the 1987 through
1993 time period. As in the outer harbor, this reflects the fact that MMSD discontinued sampling during the
winter after 1986. While this at least partially accounts for the decrease in dissolved oxygen concentrations after
1986, it does not explain subsequent changes. Dissolved oxygen concentrations follow a strong seasonal pattern
with highest concentrations occurring during the winter and lowest concentrations occurring during the summer.
This seasonal pattern is driven by changes in water temperature. In addition, the metabolic demands and oxygen
requirements of most aquatic organisms, including bacteria, tend to increase with increasing temperature. Higher
rates of bacterial decomposition when the water is warm may contribute to the declines in the concentration of
dissolved oxygen observed during the summer. Statistically significant trends toward decreasing dissolved oxygen
concentration were detected at all sampling stations in the South Shore survey and at a few stations in the
nearshore survey (Table 37). For the most part, these trends accounted for only a small portion of the variation in
the data. It is important to note that data from samples collected during the winter were excluded from this
analysis, so the 1987 change in MMSD’s sampling schedule does not account for these trends.

Several other factors in addition to temperature can affect dissolved oxygen concentrations in the nearshore Lake
Michigan area. First, thermal stratification, which separates the upper portion of the water column from the water
underneath, will prevent oxygen from the atmosphere from replenishing dissolved oxygen in deeper waters.
Because of this, dissolved oxygen concentrations in the nearshore area will tend to vary with depth during periods
of stratification. In the upper layer, dissolved oxygen concentrations, in the absence of other process, will tend to
be in equilibrium with the atmosphere. This often results in dissolved oxygen concentrations being at or near the
saturation concentrations determined by water temperature. Because water temperatures in the lower layer are
much cooler than water temperatures in the upper layer during stratification, in the absence of any other
processes, dissolved oxygen concentrations in the lower layer may be higher than dissolved oxygen
concentrations in the upper layer. In Lake Michigan, thermal stratification sets up in the spring, generally
beginning in the nearshore areas and moving out into the Lake. Stratification breaks down in the fall and winter
with the extension of the boundary between the two layers being pushed progressively lower by loss of heat from
the upper layer and wind-driven mixing. Second, decomposition of organic material in the water and underlying
sediments, through chemical and especially biological processes, removes oxygen from the water, lowering the
dissolved oxygen concentration. The organic material causing this can originate in the Lake through biological
production, or enter from runoff or discharges from the adjacent land. Third, dissolved oxygen concentrations at
most sampling stations in the nearshore area are positively correlated with chlorophyll-a concentrations. This
reflects the effect of photosynthesis on dissolved oxygen concentrations. During photosynthesis, algae release
oxygen as a byproduct of the photosynthetic reactions. Fourth, dissolved oxygen concentrations in water can be
affected by numerous other factors including the presence of aquatic plants, sunlight, and the amount and type
of sediment.

The trends toward decreasing dissolved oxygen concentration at some sampling stations in the nearshore area
represent a decline in water quality. It is important to note that this decline appears to be driven by changes in
water temperature in Lake Michigan which, in turn, are being driven by climatic variations.

Hardness

The mean value of hardness in the Milwaukee Harbor estuary over the period of record was 254.7 mg/l as
CaCO3. On a commonly used scale, this is considered to be very hard water. The data show moderate variability,
ranging from 18.6 to 750.1 mg/l as CaCO3. During most periods, mean values of hardness in the estuary portion
of the Kinnickinnic River was significantly lower than mean values of hardness in the estuary portions of the
Menomonee and Milwaukee Rivers. These differences may reflect differences in the relative importance of
groundwater and surface runoff on the chemistry of water in different portions of the estuary with surface runoff
having a greater influence on the water chemistry of the Kinnickinnic River portion of the estuary. The mean
concentration of hardness in the outer harbor was 176.7 mg/l as CaCOg, indicating that water in the outer harbor
is hard. The range of variation in the outer harbor was less than that seen in the estuary with values ranging from
1.7 t0 617.3 mg/l as CaCO3. The mean value of hardness in the nearshore Lake Michigan area was 161.9 mg/l as
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CaCOg3, with values ranging from 1.7 to 617.3 mg/l as CaCOg3. Few statistically significant time-based trends
were detected in hardness in the estuary, outer harbor, and nearshore area. Trends toward increasing hardness
were detected at a few stations in the Milwaukee River portions of the estuary, but these accounted for a small
portion of the variation in the data (see Appendix C in SEWRPC Technical Report No. 39). Hardness
concentrations in the estuary and outer harbor are strongly correlated with alkalinity, pH, specific conductance,
and concentrations of chloride, all parameters which, like hardness, measure amounts of dissolved material in
water. In addition, hardness concentrations in the estuary are also positively correlated with TSS. Few correlations
were found between hardness and other water quality parameters in the nearshore survey.

pH

The mean pH in the Milwaukee Harbor estuary over the period of record was 7.9 standard units. The mean values
of pH during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within
the estuary were 7.6 standard units, 7.8 standard units, and 8.1 standard units, respectively. These differences
were statistically significant and may reflect differences among the three rivers in the relative contributions of
groundwater and surface runoff to flow. The mean values of pH in the outer harbor and nearshore area were 7.8
standard units and 8.0 standard units respectively. Significant trends toward decreasing pH were detected at
several stations in the estuary, mostly, but not entirely, in upstream sections (see Appendix C in SEWRPC
Technical Report No. 39). At the same time, significant trends toward decreasing pH were detected at one station
in the outer harbor and nearshore area (Table 37). At most of these stations these trends accounted for a small
portion of the variation in the data. Positive correlations are seen between pH and alkalinity, hardness, and
specific conductance at some stations in the estuary, but they are neither as common nor as strong as the
correlations detected among alkalinity, hardness, and specific conductance. At some stations in the estuary, outer
harbor and nearshore area, dissolved oxygen concentrations and chlorophyll-a concentrations are positively
correlated with pH. These correlations reflect the effect of photosynthesis on these parameters. During
photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the pH of the water. At
the same time, oxygen is released as a byproduct of the photosynthetic reactions.

Secchi Depth

No Secchi depth data were available for the estuary. The mean Secchi depth in the outer harbor over the period of
record was 1.46 meters (m). Secchi depth in the outer harbor ranged from 0.0 m to 8.50 m. The mean Secchi
depth in the nearshore Lake Michigan areas over the period of record was 3.57 m. Secchi depth in the nearshore
areas ranged from 0.00 m to 16.00 m. Figure 33 shows Secchi depths at stations along transects through the outer
harbor and in the nearshore area. Secchi depths within the harbor and in the nearshore area have increased since
1975. There is one exception to this generalization. At stations within the harbor, Secchi depths during the period
1998-2004 were slightly lower than during the period 1994-1997. Despite this exception, statistically significant
trends toward increasing Secchi depth over time were detected at all sampling stations in the outer harbor and
nearshore area. Several factors may be responsible for the increase in Secchi depth. Chlorophyll-a concentrations
have generally decreased in the outer harbor and nearshore areas of Lake Michigan. Much of this decrease
appears to be the result of filtering activities of zebra mussels and quagga mussels which remove phytoplankton
from the water column. Reduced nutrient loads to the outer harbor, resulting from both reductions of combined
sewer overflows since the Inline Storage System came online and nonpoint source pollution control efforts, may
account for the decrease in chlorophyll-a concentrations in both the outer harbor and nearshore area. In addition,
basinwide reductions in phosphorus concentrations in open water areas of Lake Michigan beyond the nearshore
area may also account for the decrease in chlorophyll-a concentrations in the nearshore areas and consequent
increases in Secchi depth. Secchi depths in the outer harbor and nearshore area were negatively correlated with
concentrations of chlorophyll-a, total nitrogen, and total phosphorus, suggesting that the increases in Secchi depth
are being driven, at least in part, by smaller standing crops of phytoplankton. The increases in Secchi depths in the
outer harbor and nearshore Lake Michigan areas represent an improvement in water quality.

Specific Conductance

The mean value for specific conductance in the Milwaukee Harbor estuary over the period of record was
625 uS/cm. Considerable variability was associated with this mean. Specific conductance in the estuary ranged
from below the limit of detection to 2,350 xS/cm. Analysis of variance shows that during all periods mean
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Figure 33

SECCHI DEPTH AT SITES IN THE MILWAUKEE OUTER HARBOR
AND ADJACENT LAKE MICHIGAN AREA: 1975-2004
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specific conductance in the Menomonee River portion of the estuary was significantly higher than mean
conductance in the Kinnickinnic River and Milwaukee River portions of the estuary. During the periods 1975-
1986 and 1998-2002, mean specific conductance in the Milwaukee River portion of the estuary was significantly
higher than mean specific conductance in the Kinnickinnic River portion of the estuary. Between 1986 and 1998,
there was no statistically significant difference between mean specific conductances in these portions of the
estuary. Specific conductance in the Kinnickinnic River portion of the estuary tended to be more variable than
specific conductance in the Menomonee River and Milwaukee River portions of the estuary. These differences in
variability are most likely related to the differences in the areas of the watersheds drained by the rivers flowing
into the estuary, differences among the watersheds in relative amounts of urban land uses, and the differences in
discharge among these rivers. The mean value for specific conductance in the outer harbor over the period of
record was 413 uS/cm. Considerable variability was also associated with this mean. Specific conductance in the
estuary ranged between 170 uS/cm and 2,350 uS/cm. The mean value of specific conductance in the nearshore
Lake Michigan area over the period of record was 341 uxS/cm. Values in individual samples ranged from
160 uS/cm to 2,921 uS/cm.

Some of the variability in specific conductance may reflect the discontinuous nature of inputs of dissolved
material into the estuary, outer harbor, and Lake Michigan. Runoff associated with storm events can have a major
influence on the concentration of dissolved material in a waterbody. The first runoff from a storm event transports
a large pulse of salts and other dissolved material from the watershed into the waterbody. This will tend to raise
specific conductance. Later runoff associated with the event will be relatively dilute and will tend to lower
specific conductance.

Statistically significant trends toward specific conductance increasing over time were detected at most sampling
stations within the estuary (see Appendix C in SEWRPC Technical Report No. 39). At several of these stations,
however, these trends account for only a small portion of the variation in the data. By contrast, statistically
significant trends toward specific conductance decreasing over time were detected at most sampling stations in the
outer harbor and nearshore area. The data show a seasonal pattern of variation in specific conductance both in the
estuary and in the outer harbor. For those years in which data were available, specific conductance was highest
during the winter. It then declined during the spring to reach lower levels in the summer and early fall. The
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pattern also appears to be present at sampling stations adjacent to the outer harbor, though the magnitude of the
seasonal differences observed at these sites is much smaller.

Specific conductance in the Milwaukee Harbor estuary show strong positive correlations with alkalinity, chloride,
hardness, and pH, all parameters which, like specific conductance, measure amounts of dissolved material in
water. At most stations, specific conductance also shows negative correlations with water temperature, reflecting
the fact that specific conductance in the estuary tends to be lower during the summer. Specific conductance in the
outer harbor shows positive correlations with alkalinity and chloride. Specific conductance in the outer harbor
shows negative correlations with water temperature and Secchi depth. The latter correlation indicates that high
values of specific conductance occur during periods of high turbidity and suggests that dissolved material enters
the harbor at the same times and by similar mechanisms as suspended materials. Specific conductance in the
nearshore area shows strong positive correlations with chloride concentration.

These increases in specific conductance in the estuary indicate that the concentrations of dissolved materials in the
water in the estuary are increasing and represent a decline in water quality. The decreases in specific conductance
in the outer harbor and nearshore area indicate that concentrations of dissolved materials in water in the outer
harbor are decreasing and represent an improvement in water quality.

Suspended Material

The mean value for total suspended solids (TSS) concentration in the Milwaukee Harbor estuary over the period
of record was 418 mg/l. Considerable variability was associated with this mean, with values ranging from 120 to
2,013 mg/l. The mean concentrations of TSS during the period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estuary were 368 mg/l, 474 mg/l, and 413 mg/l, respectively.
During most periods, mean concentrations of TSS in the Menomonee River portion of the estuary were
significantly higher than mean concentrations in the Milwaukee River and Kinnickinnic River portions of the
estuary and the mean concentration of TSS in the Milwaukee River portion of the estuary was significantly higher
than the mean concentration of TSS in the Kinnickinnic River portion of the estuary. When analyzed on an annual
basis, most stations in the estuary showed trends toward increasing TSS concentration; however, these trends
accounted for a small portion of the variation in the data. Mean concentrations of TSS tended to be lower at
estuary stations than at stations upstream from the estuary in all periods. This reflects the fact that portions of the
estuary act as a settling basin in which material suspended in water sink and fall out into the sediment. The mean
concentration of TSS in the outer harbor over the period of record was 265 mg/l. Considerable variability was
associated with this mean, with values ranging from one to 1,265 mg/l. Concentrations of TSS in the outer harbor
were generally lower than concentrations of TSS in the estuary. Figure 34 shows concentrations of TSS at
sampling stations along a transect through the outer harbor. Concentrations of TSS were highest at stations
OH-01, near the mouth of the Milwaukee River, and OH-02, near the outfall from the Jones Island WWTP and
decreased from west to east through the outer harbor and into the Lake. This decrease probably reflects both the
effects of dilution as TSS carried by water flowing in from the estuary mixes with water in the outer harbor and
settling of suspended material. Concentrations of TSS in the outer harbor were higher than concentrations of TSS
outside the breakwall. Concentrations of TSS appear to have increased since the period 1975-1986 at most
sampling stations in the outer harbor. Statistically significant trends toward TSS concentration increasing over
time were detected at several stations in the outer harbor (Table 37). The mean value for TSS concentration in the
nearshore Lake Michigan areas over the period of record was 229.8 mg/l. Considerable variability was associated
with this mean, with values ranging from 1.0 to 600.0 mg/l. Data were only available from nearshore survey
sampling stations that share sites with stations in either the outer harbor survey or the South Shore survey. No
data were available from stations farther out in the Lake. Table 37 shows that few statistically significant time-
based trends were detected in TSS concentration at stations in the nearshore area. TSS concentrations in the
estuary and outer harbor were strongly correlated with concentrations of dissolved materials such as alkalinity,
chloride, and specific conductance. These correlations reflect the tendency of sediment to wash into streams at the
same time, and by some of the same mechanisms, as dissolved material washes in. The increases in TSS
concentrations in the estuary and outer harbor represent a decline in water quality.
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Figure 34 Nutrients

CONCENTRATIONS OF TOTAL SUSPENDED SOLIDS Nitrogen Compounds

AT SITES IN THE MILWAUKEE OUTER HARBOR AND Th_e mean concentration of total nltr_ogen in the
ADJACENT LAKE MICHIGAN AREA: 1975-2004 Milwaukee Harbor estuary over the period of record
was 1.72mg/l as N. Concentrations ranged from

West-East Transect Number 1 below the limit of detection to 17.26 mg/l as N. The

800 mean concentrations of total nitrogen during the

period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estu-
ary were 1.61 mg/l as N, 1.71 mg/l as N, and 1.78
mg/l as N, respectively. At all stations, concentrations
of total nitrogen during the period 1987-1993 were
lower than during the period 1975-1986. In sub-
sequent periods, concentrations of total nitrogen
increased. When examined on an annual basis, statis-
tically significant trends toward increasing total nitro-
| | gen concentrations were detected at four sampling
OH-01 OH-02  OH-03 OH-07 OH-14 stations in the estuary (see Appendix C in SEWRPC
West Fast Technical Report No. 39). These stations were in
upstream sections of the estuary. A statistically signifi-
cant trend toward decreasing total nitrogen concen-
NOTES: See Figure 11 for description of symbols and Map 27 for tration was detected at one station. The concentration
locations of monitoring stations relative to the outer of total nitrogen in the estuary is positively correlated
harbor and the adjacent Lake Michigan area. . . . . .
with the concentrations of nitrate and organic nitro-
Source: Milwaukee Metropolitan Sewerage District and SEWRPC. gen, reflecting the fact that these tend to be the major
forms of nitrogen compounds in the estuary. In addi-
tion, concentrations of total nitrogen were positively
correlated with concentrations of total phosphorus at most stations. This probably reflects the nitrogen and
phosphorus contained in particulate organic matter in the water, including detritus and live material such as
plankton. Total nitrogen concentrations in the estuary are negatively correlated with Secchi depth. Finally, total
nitrogen concentrations in the estuary are negatively correlated with temperature, reflecting the fact that total
nitrogen concentrations tend to be highest during the winter.

o

600 —

HE

400 —

200 — é

O.I *I *I 'y

Total Suspended Solids (mg/l)

»* o-{T}—ux
o
| ~e——————mproving Water Quality |

[0 1975-1986 1987-1993 1994-1997 O 1998-2004

The mean concentration of total nitrogen in the outer harbor during the period of record was 1.51 mg/l as N.
Concentrations ranged from 0.09 mg/l as N to 13.29 mg/l as N. The mean concentration of total nitrogen in the
nearshore Lake Michigan area over the period of record was 0.99 mg/l as N. Concentrations ranged from
0.04 mg/l as N to 9.88 mg/l as N. Figure 35 shows changes in total nitrogen concentrations at sampling stations
along transects through the outer harbor and in the nearshore area. Concentrations of total nitrogen were higher at
sampling stations in the outer harbor than at stations outside the breakwall. The highest concentration of total
nitrogen was detected at station OH-02, a sampling station located near the outfall from the Jones Island WWTP.
The high concentrations observed at this station probably reflect the effects of inputs of effluent from the
treatment plant. With some differences in timing, a similar pattern of change in total nitrogen concentration over
time was observed at most sampling stations along transects through the outer harbor and in the nearshore area.
After the period 1975-1986, total nitrogen concentrations decreased through 1993 or 1997, depending on the
location. After that, total nitrogen concentrations increased. At most stations, total nitrogen concentrations were
lower during the period 1998-2002 than during the period 1975-1986. Statistically significant trends toward
decreasing total nitrogen concentrations were detected at a few stations in the outer harbor and nearshore area
(Table 37). These trends accounted for a small fraction of the variation in the data. Total nitrogen concentrations
in the outer harbor and nearshore area were positively correlated with concentrations of ammonia, nitrate, and
organic nitrogen, reflecting the fact that these tend to be the major forms of nitrogen compounds detected. In
addition, concentrations of total nitrogen in the outer harbor were positively correlated with concentrations of
total phosphorus at most stations. This probably reflects the nitrogen and phosphorus contained in particulate
organic matter in the water, including live material such as plankton and detritus.
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Figure 35

TOTAL NITROGEN CONCENTRATIONS AT SITES IN THE MILWAUKEE
OUTER HARBOR AND ADJACENT LAKE MICHIGAN AREA: 1975-2004
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NOTE: See Figure 11 for description of symbols and Map 27 for locations of monitoring stations relative to the outer harbor and the
adjacent Lake Michigan area.

Source: Milwaukee Metropolitan Sewerage District and SEWRPC.

Total nitrogen is a composite measure of several different compounds which vary in their availability to algae and
aquatic plants and vary in their toxicity to aquatic organisms. Common constituents of total nitrogen include
ammonia, nitrate, and nitrite. In addition a large number of nitrogen-containing organic compounds, such as
amino acids, nucleic acids, and proteins commonly occur in natural waters. These compounds are usually reported
as organic nitrogen.

The mean concentration of ammonia in the Milwaukee Harbor estuary during the period of record was 0.32 mg/I
as N. Over the period of record, ammonia concentrations varied from below the limit of detection to 5.01 mg/l as
N. The mean concentrations of ammonia during the period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estuary were 0.44 mg/l as N, 0.34 mg/l as N, and 0.24 mg/l as N,
respectively. Analysis of variance shows that during all periods mean ammonia concentrations in the Kinnickinnic
River and Menomonee River portions of the estuary were significantly higher than mean ammonia concentration
in the Milwaukee River portion of the estuary. In addition, mean ammonia concentration in the Kinnickinnic
River portion of the estuary was higher than mean ammonia concentration in the Menomonee River portion of the
estuary in all periods except the period 1998-2002. Statistically significant trends toward decreasing ammonia
concentration over time were detected at all stations in the estuary (see Appendix C in SEWRPC Technical
Report No. 39). The mean concentration of ammonia in the outer harbor during the period of record was
0.42 mg/l as N. Individual samples of this parameter ranged from below the limit of detection to 8.90 mg/l as N.
The mean concentration of ammonia in the nearshore Lake Michigan area over the period of record was 0.21 mg/I
as N. Ammonia concentrations in individual samples varied between 0.34 mg/l as N and 7.54 mg/l as N.
Figure 36 shows ammonia concentrations at sampling stations along a transect through the outer harbor.
Concentrations of ammonia were higher at sampling stations in the outer harbor than at stations outside the
breakwall. In addition, ammonia concentrations decreased over time at the stations in this transect. Similar
decreases occurred at all stations in the outer harbor and at many stations in the nearshore area. These decreases
represent statistically significant trends (Table 37). Ammonia concentrations in the estuary were positively
correlated with concentrations of fecal coliform bacteria and BOD. This may reflect common sources and modes
of transport into the estuary for these pollutants. At some stations, ammonia concentrations were negatively

170



Figure 36

AMMONIA CONCENTRATIONS AT SITES
IN THE MILWAUKEE OUTER HARBOR AND
ADJACENT LAKE MICHIGAN AREA: 1975-2004
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correlated with concentrations of dissolved oxygen
and nitrate. These correlations may reflect a tendency
toward oxidation of ammonia in aerobic environ-
ments. Ammonia concentrations in the outer harbor
were positively correlated with total nitrogen and
negatively correlated with Secchi depth.

The mean concentration of nitrate in the Milwaukee
Harbor estuary for the period of record was 0.63 mg/l
as N. During this time, concentrations in the estuary
varied from below the limit of detection to 3.07 mg/I
as N. The mean concentrations of nitrate during the
period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estu-
ary were 0.57 mg/l as N, 0.62 mg/l as N, and 0.68
mg/l as N, respectively. With the exception of one
sampling station in the Menomonee River portion of
the estuary, statistically significant trends toward
increasing nitrate concentrations were detected at all
sampling stations (see Appendix C in SEWRPC
Technical Report No. 39). The mean concentration of
nitrate in the outer harbor during the period of record
was 0.57 mg/l as N. Concentrations in individual
samples ranged from below the limit of detection to
8.57 mg/l as N. It is important to note that, with the
exception of some outliers, the ranges of nitrate

concentrations at sampling stations in the outer harbor
are similar to the ranges of nitrate concentrations at sampling stations in the estuary. The mean concentration of
nitrate in the nearshore Lake Michigan Area for the period of record was 0.41 mg/l as N. Concentrations in
individual samples ranged from below the limit of detection to 8.57 mg/l as N. Statistically significant trends
toward increasing nitrate concentrations were detected at several stations in the outer harbor and nearshore area,
though at some stations the trends accounted for a small portion of the variation in the data (Table 37).
Concentrations of nitrate in several stations in the outer harbor and nearshore area were positively correlated with
concentrations of total nitrogen and total phosphorus. The correlation with total nitrogen reflects the fact that
nitrate is a major component of total nitrogen. Nitrate concentrations in the estuary and outer harbor were
negatively correlated with concentrations of chlorophyll-a. This correlation reflects the role of nitrate as a nutrient
for algal growth. During periods of high algal productivity, algae remove nitrate from water and incorporate it
into cellular material.

The mean concentration of nitrite in the Milwaukee Harbor estuary for the period of record was 0.032 mg/I as N.
During this time, concentrations in the estuary varied from below the limit of detection to 4.00 mg/l as N. The
mean concentrations of nitrite during the period of record in the portions of the Kinnickinnic, Menomonee, and
Milwaukee Rivers within the estuary were 0.039 mg/l as N, 0.038 mg/l as N, and 0.024 mg/l as N, respectively.
Analysis of variance detected no statistically significant differences between mean nitrite concentrations in the
Kinnickinnic River and Menomonee River portions of the estuary during any period. During all periods, however,
mean nitrite concentration in the Kinnickinnic River and Menomonee River portions of the estuary were
significantly higher than mean nitrite concentration in the Milwaukee River portion of the estuary. The mean
concentration of nitrite in the outer harbor during the period of record was 0.034 mg/l as N. Concentrations in
individual samples ranged from below the limit of detection to 1.100 mg/l as N. The mean concentration of nitrite
in the nearshore Lake Michigan Area for the period of record was 0.020 mg/l as N. Concentrations in individual
samples ranged from below the limit of detection to 1.00 mg/l as N. Nitrite concentrations at some sampling
stations in the estuary and outer harbor were negatively correlated with dissolved oxygen concentration. This
reflects the tendency for nitrite to be oxidized in aerobic waters.
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A comparison of the nitrate and nitrite concentration data from the nearshore area to concentrations in the open
waters of Lake Michigan reveals several things. The mean concentration of nitrate plus nitrite in the open waters
of Lake Michigan increased from 0.262 mg/I as N in 1983 to 0.311 mg/l as N in 1999.%° These concentrations
were lower than the mean concentration of nitrate plus nitrite in the nearshore Lake Michigan area for the same
period. Over the years from 1983 to 1999, the mean concentration of nitrate plus nitrite in the nearshore area was
0.45 mg/l as N. This suggests that there is a gradient in nitrate plus nitrite concentration from the nearshore area to
the open waters of the Lake. The increase in nitrate plus nitrite concentration in the open waters of the Lake
suggest continued loading of these nutrients.

During the period of record the mean concentration of organic nitrogen in the Milwaukee Harbor estuary was
0.75 mg/l as N. This parameter showed considerable variability with concentrations ranging from undetectable to
16.04 mg/l as N. The mean concentrations of organic nitrogen during the period of record in the portions of the
Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 0.58 mg/l as N, 0.74 mg/l as N, and
0.86 mg/l as N, respectively. During most periods, the mean concentration of organic nitrogen in the Milwaukee
River portion of the estuary was greater than the mean concentrations of organic nitrogen in the Kinnickinnic
River and Menomonee River portions of the estuary. In addition, the mean concentration of organic nitrogen in
the Menomonee River portion of the estuary was greater than the mean concentration of organic nitrogen in the
Kinnickinnic River portion of the estuary. During the period of record the mean concentration of organic nitrogen
in the outer harbor was 0.54 mg/l as N. This parameter showed considerable variability with concentrations
ranging from undetectable to 10.09 mg/l as N. During the period of record, the mean concentration of organic
nitrogen in the nearshore Lake Michigan area was 0.38 mg/l as N. Concentrations in individual samples varied
between the limit of detection and 7.4 mg/l as N. While few time-based trends were detected in organic nitrogen
concentrations in the estuary, statistically significant trends toward increasing organic nitrogen concentrations
over time were detected at several sampling stations in the outer harbor (Table 37). For the most part, only a few
time-based trends in organic nitrogen concentrations were detected at stations outside the breakwall in the outer
harbor survey or in the nearshore survey. Organic nitrogen concentrations at some stations in the estuary, outer
harbor, and nearshore area were positively correlated with concentrations of total nitrogen and total phosphorus.

Several processes can influence the concentrations of nitrogen compounds in a waterbody. Primary production by
plants and algae will result in ammonia and nitrate being removed from the water and incorporated into cellular
material. This effectively converts the nitrogen to forms which are detected only as total nitrogen. Sinking of algal
cells and detritus out of the epilimnion effectively makes the nitrogen in these particles unavailable for supporting
algal growth. Decomposition of organic material in sediment can release nitrogen compounds to the overlying
water. Bacterial action may convert some nitrogen compounds into others.

Several things emerge from this analysis of nitrogen chemistry in the Milwaukee Harbor estuary, outer harbor and
nearshore Lake Michigan area:

o Concentrations of total nitrogen have increased at several stations in the estuary, outer harbor, and
nearshore area. This represents a decrease in water quality.

o The relative proportions of different nitrogen compounds in the estuary, outer harbor, and nearshore
area seem to be changing with time.

° Ammonia concentrations at all sampling stations in the estuary and outer harbor and several sampling

stations in the nearshore area have decreased over time. This represents an improvement in
water quality.

Holey and Trudeau, 2005, op. cit.
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° Concentrations of nitrate have increased at most stations in the estuary and outer harbor and several
stations in the nearshore area. This appears to account for at least some of the increase in total
nitrogen concentrations. This represents a decrease in water quality.

. Concentrations of organic nitrogen have increased at a few stations in the estuary and several stations
in the outer harbor.

° The simultaneous increase in nitrate concentrations and decrease in ammonia concentrations may
reflect an increase in the rate of microbial conversion of ammonia to nitrate in the estuary, outer
harbor, and nearshore area.

. Concentrations of nitrate plus nitrite were higher in the nearshore area than in the open waters of Lake
Michigan.

Total and Dissolved Phosphorus

Two forms of phosphorus are commonly sampled in surface waters: dissolved phosphorus and total phosphorus.
Dissolved phosphorus represents the form that can be taken up and used for growth by algae and aquatic plants.
Total phosphorus represents all the phosphorus contained in material dissolved or suspended within the water,
including phosphorus contained in detritus and organisms and attached to soil and sediment.*

The mean concentration of total phosphorus in the Milwaukee Harbor estuary during the period of record was
0.115 mg/l, and the mean concentration of dissolved phosphorus in the estuary over the period of record was
0.041 mg/I. Total phosphorus concentrations varied over four orders of magnitude, ranging from 0.002 to 3.000
mg/I. Dissolved phosphorus concentrations varied over three orders of magnitude from 0.004 to 0.647 mg/l. The
mean concentrations of total phosphorus during the period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estuary were 0.092 mg/l, 0.117 mg/l, and 0.126 mg/l, respectively.
The mean concentrations of dissolved phosphorus during the period of record in the portions of the Kinnickinnic,
Menomonee, and Milwaukee Rivers within the estuary were 0.033 mg/l, 0.042 mg/l, and 0.044 mg/l, respectively.
It is important to note that at all stations during all periods, total phosphorus concentrations in a substantial
fraction of samples exceeded the planning standard of 0.1 mg/l recommended in the initial regional water quality
management plan. On an annual basis, trends toward decreasing total phosphorus concentrations over time were
detected at several sampling stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39).
While these trends represent an improvement in water quality, they mask increases in total phosphorus
concentrations at most sampling stations during the period 1998-2002. Dissolved phosphorus concentrations show
a different pattern of time-based trends. Trends toward dissolved phosphorus concentrations increasing over time
were detected at five stations in the estuary. These trends represent a decline in water quality. It is important to
note that many of these trends account for small portions of the variation in the data.

The mean concentration of total phosphorus in the outer harbor during the period of record was 0.056 mg/l, and
the mean concentration of dissolved phosphorus in the outer harbor over the period of record was 0.022 mg/I.
Total phosphorus concentrations varied over four orders of magnitude, ranging from below the limit of detection
to 3.880 mg/l. Dissolved phosphorus concentrations varied over four orders of magnitude from below the limit of
detection to 1.330 mg/l. Figure 37 shows concentrations of total phosphorus at sampling stations along transects

1t is important to note that the data sets for dissolved phosphorus concentrations and total phosphorus
concentrations do not entirely represent simultaneous sampling. While samples for both total phosphorus and
dissolved phosphorus in this data set were generally collected at about the same time, on some sampling dates
samples of only one or the other of these was collected. Because of this, the data sets for dissolved phosphorus
concentrations and total phosphorus concentrations have a certain amount of independence from one another.
This degree of independence may be reflected in the summary statistics (e.g., the minimum total phosphorus
concentration during the period of record is less than the minimum dissolved phosphorus concentration although
dissolved phosphorus is a component of total phosphorus).
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Figure 37

TOTAL PHOSPHORUS CONCENTRATIONS AT SITES IN THE MILWAUKEE
OUTER HARBOR AND ADJACENT LAKE MICHIGAN AREA: 1975-2004
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Source: Milwaukee Metropolitan Sewerage District and SEWRPC.

through the outer harbor and the nearshore area. Concentrations of total phosphorus were higher at sampling
stations in the outer harbor than at sampling stations outside the breakwall. At all sampling stations in and
adjacent to the outer harbor, concentrations of total phosphorus decreased from the 1975-1986 period through the
1994-1997 period. During the period 1998-2004, concentrations of total phosphorus at stations in the outer harbor
and at stations located at gaps in the breakwall increased. Despite these recent increases, statistically significant
trends toward decreasing total phosphorus concentration were detected at several sampling stations (Table 37).
These trends account for only a small portion of the variation in the data. While the long-term decrease in total
phosphorus indicates that water quality has improved since 1975, the recent increases indicate that water quality
may currently be declining.

The mean concentration of total phosphorus in the nearshore Lake Michigan areas during the period of record was
0.0317 mg/l, and the mean concentration of dissolved phosphorus in the nearshore Lake Michigan areas over the
period of record was 0.0147 mg/l. Total phosphorus concentrations ranged from below the limit of detection to
3.88 mg/l. Dissolved phosphorus concentrations ranged from below the limit of detection to 10.00 mg/l. At
nearshore survey stations located in or near the outer harbor (i.e., NS-12, NS-14, NS-28) and close to shore (i.e.,
NS-04), concentrations of total phosphorus decreased over time. At stations farther out into Lake Michigan, total
phosphorus concentrations increased over time. Regression analysis detected statistically significant trends toward
increasing total phosphorus concentrations over time at several stations in the nearshore Lake Michigan area (see
Table 37). It is likely that some of the regression results are spurious, probably due to the presence of outliers in
some samples. Alternatively, these may reflect actual trends toward increasing total phosphorus concentrations in
Lake Michigan.

Figure 38 shows the annual mean total phosphorus concentrations in the Milwaukee Harbor estuary for the years

1986 to 2002 and the outer harbor and adjacent areas of Lake Michigan for the years 1985-2004. While mean
annual total phosphorus concentrations in the estuary and outer harbor from the years after 1996 were within the
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Figure 38

MEAN ANNUAL CONCENTRATIONS OF TOTAL PHOSPHORUS CONCENTRATIONS IN THE
MILWAUKEE HARBOR ESTUARY, OUTER HARBOR, AND ADJACENT LAKE MICHIGAN AREA: 1986-2004
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range of variation from previous years, they increased after 1996 and remained elevated. While mean annual total
phosphorus in the adjacent Lake Michigan area did increase after 1996, it has fluctuated considerably since and
probably largely represents natural variation rather than a sustained increase. One possible cause of the increase in
the estuary and outer harbor was phosphorus loads from facilities discharging noncontact cooling water drawn
from municipal water utilities. The City of Milwaukee, for example, began treating its municipal water with
orthophosphate to inhibit release of copper and lead from pipes in the water system and private residences in
1996. In 2004, for instance, concentrations of orthophosphate in plant finished water from the Milwaukee Water
Works ranged between 1.46 mg/l and 2.24 mg/1,** considerably above average concentrations of total phosphate
in the Milwaukee Harbor estuary and outer harbor. In addition, between 1992 and 2003, a number of other
municipalities in the greater Milwaukee watersheds began treating their municipal water with orthophosphate or
polyphosphate for corrosion control.

Dissolved phosphorus concentrations in the estuary were negatively correlated with concentrations of
chlorophyll-a. Concentrations of total phosphorus were positively correlated with concentrations of total nitrogen
and negatively correlated with concentrations of dissolved oxygen. These correlations reflect the roles of
phosphorus and nitrogen as nutrients for algal growth. During periods of high algal productivity, algae remove
dissolved phosphorus and nitrogen compounds from the water and incorporate them into cellular material. At the
same time, respiratory demands of bacteria degrading the organic matter produced will tend to lower
concentrations of dissolved oxygen. Concentrations of total phosphorus at stations in the estuary are positively
correlated with concentrations of fecal coliform bacteria. This may reflect common sources and modes of
transport into the estuary for these pollutants. Concentrations of total phosphorus in the outer harbor were
positively correlated with dissolved phosphorus and total nitrogen and negatively correlated with Secchi depth.
Concentrations of dissolved and total phosphorus can also be affected by sedimentation of particulate material and
release of dissolved phosphorus from the sediment.

Metals

Arsenic

The mean concentration of arsenic in the water of the Milwaukee Harbor estuary over the period of record was
1.69 ug/l. The data ranged from below the limit of detection to 51.00 «g/l. When examined on an annual basis,
statistically significant trends toward arsenic concentrations decreasing over time were detected at most stations in
the estuary (see Appendix C in SEWRPC Technical Report No. 39). This may reflect changes in the amount and
types of industry within the Milwaukee River watershed such as the loss of tanneries which utilized arsenic in the
processing of hides. In addition, sodium arsenite has not been used as an herbicide in Wisconsin since 1969. The
mean concentration of arsenic over the period of record in the outer harbor was 1.93 ug/l. Concentrations in
individual samples ranged from below the limit of detection to 57.00 wug/l. Significant trends toward arsenic
concentrations increasing over time were detected at several stations in the outer harbor and outside the breakwall
(Table 37). The mean concentration of arsenic in the nearshore Lake Michigan waters over the period of record
was 1.91 ug/l. The data ranged from below the limit of detection to 13.00 ug/l. Increasing concentrations of
arsenic over time were detected at most of the stations examined in MMSD’s nearshore survey (Table 37). At
several stations, these trends accounted for a substantial portion of the variation in the data. These increases in the
nearshore area may be influencing concentrations in the outer harbor. The reductions in arsenic concentration in
the Milwaukee Harbor estuary represent an improvement in water quality. The trends toward increasing
concentrations of arsenic in the outer harbor and nearshore area represent a reduction in water quality.

Cadmium

The mean concentration of cadmium in the Milwaukee Harbor estuary over the period of record was 1.62 ugl/l.
Concentrations in individual samples ranged from below the limit of detection to 27.0 ug/l. The mean
concentration of cadmium in the outer harbor over the period of record was 1.79 wg/l. Concentrations in
individual samples ranged from below the limit of detection to 82.0 xg/l. The mean concentration of cadmium in
the nearshore Lake Michigan area was 2.06 ug/l. Concentrations in individual samples ranged from below the

#Milwaukee Water Works, 2005, op. cit.
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limit of detection to 82.0 ug/l. Statistical analysis revealed the presence of strong decreasing trends in cadmium
concentration over time at all stations in the estuary, outer harbor, and nearshore areas (Table 37, for the estuary
see Appendix C in SEWRPC Technical Report No. 39). The declines in cadmium concentration may reflect
changes in the number and types of industry present in the watershed, reductions due to treatment of industrial
discharges, and reductions in airborne deposition of cadmium to the Great Lakes region. The reduction in
cadmium concentrations in the estuary, outer harbor, and nearshore area represents an improvement in water
quality.

Chromium

The mean concentration of chromium in the Milwaukee Harbor estuary over the period of record was 15.0 ug/l.
Chromium concentration showed moderate variability, with individual sample concentrations ranging from below
the limit of detection to 8,866.4 wg/l. No statistically significant differences were detected among the mean
concentrations of chromium in the Kinnickinnic River, Menomonee River, and Milwaukee River portions of the
estuary. The mean concentration of chromium in the outer harbor over the period of record was 12.0 ugl/l.
Concentrations in individual samples ranged from below the limit of detection to 520.0 xg/l. The mean
concentration of chromium in the nearshore Lake Michigan area over the period of record was 9.7 ugl/l.
Concentrations in individual samples ranged from below the limit of detection to 920.0 ug/l. Statistically
significant trends toward chromium concentrations decreasing over time were detected at most sampling stations
in the estuary, outer harbor, and nearshore area (Table 37, for the estuary see Appendix C in SEWRPC Technical
Report No. 39). These declines in chromium concentrations may reflect the loss of industry in some parts of the
Kinnickinnic River, Menomonee River, and Milwaukee River watersheds and the decreasing importance of the
metal plating industry in particular, as well as the treatment of discharges for the remaining and new industries
since the late 1970s. There is no evidence of seasonal variation in chromium concentrations in the estuary, outer
harbor, or nearshore area. The decline in chromium concentrations represents an improvement in water quality.

Copper

The mean concentration of copper in the Milwaukee Harbor estuary during the period of record was 10.66 ug/l.
Concentrations varied from below the limit of detection to 413.00 xg/l. At all sampling stations in the estuary,
copper concentrations increased over time, reaching their highest levels during the period 1994-1997. Copper
concentrations were lower during the period 1998-2004 than during the period 1994-1997. Statistically significant
trends toward copper concentrations increasing over time were detected at most sampling stations in the estuary.
The mean concentration of copper during the period of record in the outer harbor was 8.21 ug/l. Concentrations in
individual samples ranged from below the limit of detection to 379.00 wg/l. Figure 39 shows copper
concentrations at sampling stations along a transect through the outer harbor. Copper concentrations at these
stations followed the same pattern as copper concentrations at stations in the estuary, increasing over time and
reaching their highest levels during the period 1994-1997 and then declining during the period 1998-2004. The
mean concentration of copper in the nearshore Lake Michigan areas during the period of record was 7.03 ug/l.
Concentrations varied from below the limit of detection to 260.00 xg/l. At most stations, median (and mean)
copper concentration increased from 1975 through 1997. Copper concentrations declined during the period 1998-
2004. Few statistically significant time-based trends were detected in copper concentrations in the outer harbor or
nearshore area (Table 37). Where trends were detected, they tended to be trends toward increasing concentrations.
Despite the overall increasing trend, the decreases in copper concentrations in the estuary, outer harbor, and
nearshore area since 1997 represent improvements in water quality.

Lead

The mean concentrations of lead in the Milwaukee Harbor estuary, outer harbor, and nearshore area over the
period of record were 31.25 ug/l, 34.7 ug/l, and 38.9 ug/l, respectively. These means are not representative of
current conditions because lead concentrations in these surface waters have been decreasing since the late 1980s.
At all sampling stations for which sufficient data exist to assess trends in lead concentrations, baseline period
mean lead concentrations are quite low when compared to historical means and ranges. The mean concentration
of lead in the estuary during the period 1998-2002 was 5.35 ug/l. The mean concentration of lead in the outer
harbor during the period 1998-2004 was 1.88 ug/l. The mean concentration of lead in the nearshore area during
the period 1998-2004 was 0.50 ug/l. These decreases in lead concentration represent statistically significant trends
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Figure 39

CONCENTRATION OF COPPER AT SITES
IN THE MILWAUKEE OUTER HARBOR AND
ADJACENT LAKE MICHIGAN AREA: 1975-2004
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(Table 37, for the estuary see AppendixC in
SEWRPC Technical Report No. 39). A major factor
causing the decline in lead concentrations has been
the phasing out of lead as a gasoline additive. From
1983 to 1986, the amount of lead in gasoline in the
United States was reduced from 1.26 grams per gallon
(g/gal) to 0.1 g/gal. In addition, lead was completely
banned for use in fuel for on-road vehicles in 1995.
The major drop in lead in water in the estuary, outer
harbor, and nearshore area followed this reduction in
use. In freshwater, lead has a strong tendency to
adsorb to particulates suspended in water.** As these
particles are deposited, they carry the adsorbed lead
into residence in the sediment. Because of this, the
lower concentrations of lead in the water probably
reflect the actions of three processes: reduction of lead
entering the environment, washing out of lead from
the estuary and outer harbor into Lake Michigan, and
deposition of adsorbed lead in the sediment. The
decrease in lead concentrations over time in the estu-
ary, outer harbor, and nearshore area represents an
improvement in water quality.

Mercury
Few historical data on the concentration of mercury in
the waters of the Milwaukee Harbor estuary, outer

harbor, and nearshore Lake Michigan exist. Most

sampling for mercury in water was conducted in the

estuary during or after 1995 and in the outer harbor
and nearshore area during or after 1997. The mean concentration of mercury in the estuary over the period of
record was 0.0535 ug/l. Mercury concentrations in the estuary showed moderate variability, with a range from
below the limit of detection to 2.10 xg/l. The mean concentration of mercury in the outer harbor over the period of
record was 0.0156 ug/l. Concentrations of mercury in individual samples ranged from below the limit of detection
to 0.220 ug/l. The mean concentration of mercury in the nearshore area over the period of record was 0.010 ug/l,
with a range from below the limit of detection to 0.220 ug/l. It is important to note that the mean concentration in
the nearshore area is about 30 times higher than the mean concentration for total mercury reported for offshore
areas of Lake Michigan.>® When examined on an annual basis, significant trends toward decreasing mercury
concentrations were detected at all stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39)
and one station in the outer harbor (Table 37). In addition, a significant trend toward decreasing mercury
concentration over time was detected at a second station in the outer harbor when the data were analyzed on a
seasonal basis. The concentrations of mercury in several samples in the estuary and outer harbor exceed both the
State of Wisconsin’s wildlife criteria for surface water of 0.0013 xg/l and Wisconsin’s human threshold criteria
for public health and welfare of 0.0015 ug/l. The trends toward decreasing mercury concentrations at stations in
the estuary and outer harbor represent improvements in water quality.

#Windom and others, 1991, op. cit.

%3U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Mercury Data
Report, EPA 905 R-01-012, 2004.

178



Nickel

The mean concentration of nickel in the Milwaukee Harbor estuary over the period of record was 13.3 ug/l.
Concentrations in individual samples ranged from below the limit of detection to 3,810.8 xg/l. No statistically
significant differences were found among mean concentrations in these three sections of the estuary. The mean
concentration of nickel over the period of record in the outer harbor was 6.6 xg/l. Concentrations in individual
samples ranged from below the limit of detection to 97.0 ug/l. The mean concentration of nickel over the period
of record in the nearshore Lake Michigan area was 6.8 ug/l. Concentrations in individual samples ranged from
below the limit of detection to 97.0 «g/l. When examined on an annual basis, significant decreases over time were
observed at several sampling stations in the estuary, and all stations in the outer harbor and nearshore area
(Table 37, for the estuary see Appendix C in SEWRPC Technical Report No. 39). The trends toward decreasing
nickel concentration in the estuary and outer harbor may reflect changes in the amount and types of industry
within the Kinnickinnic River, Menomonee River, and Milwaukee River watersheds. The decreases in nickel
concentrations in the estuary, outer harbor, and nearshore area represent an improvement in water quality.

zZinc

The mean concentration of zinc in the Milwaukee Harbor estuary during the period of record was 23.7 ug/l.
Concentrations in individual samples ranged from 4.3 xg/l to 376.5 ug/l. Statistically significant trends toward
zinc concentrations increasing over time were detected at most stations in the estuary (see Appendix C in
SEWRPC Technical Report No. 39). At several stations, these trends account for a small portion of the variation
in the data. The mean concentration of zinc over the period of record in the outer harbor was 14.4 ug/l.
Concentrations in individual samples ranged from below the limit of detection to 160.0 xg/l. Figure 40 shows zinc
concentrations at sampling stations along transects through the outer harbor and nearshore area. Zinc
concentrations tended to be higher at stations in the outer harbor than at stations outside the breakwall. At most
stations in the outer harbor, zinc concentrations have increased over time. At some sampling stations these
increases represent statistically significant trends (Table 37). These trends account for a small portion of the
variation in the data. The higher concentrations of zinc in the estuary and outer harbor may reflect higher amounts
of zinc washing into the Kinnickinnic, Menomonee, and Milwaukee Rivers during snowmelt and spring rains.
Wear and tear on automobile brake pads and tires are major sources of zinc in the environment. In addition, zinc
can be released to stormwater by corrosion of galvanized gutters and roofing materials. Stormwater can carry zinc
from these sources into streams. The mean concentration of zinc in the nearshore Lake Michigan areas during the
period of record was 11.2 ug/l. Concentrations in individual samples ranged from below the limit of detection to
230.0 ug/l. At most stations, zinc concentrations increased after 1986. They then decreased either after 1993 or
after 1997. Despite recent decreases in zinc concentrations, statistically significant trends toward increasing
concentrations of zinc over the 1975 through 2004 time period were detected at several stations in the nearshore
area (Table 37). There is no evidence of seasonal variation in the concentration of zinc in the nearshore areas. The
trends toward increasing zinc concentrations in the estuary, outer harbor, and nearshore Lake Michigan areas
represent a reduction in water quality.

Organic Compounds

On 11 dates between February 2004 and August 2005, the USGS examined water samples collected from six sites
in the Milwaukee outer harbor and adjacent areas of Lake Michigan for the presence of several organic
compounds dissolved in water. The flame retardant tri(2-butylethyl) phosphate was commonly detected in these
samples. Several compounds were occasionally detected including the flame retardants tri(2-chloroethyl)
phosphate, tri(dichloroisopropyl) phosphate, and tributyl phosphate; the solvent isophorone; the plasticizer
triphenyl phosphate; the dye component carbazole; and the nonionic detergent metabolites p-nonylphenol and
diethoxynonylphenol. These last two compounds are known to be endocrine disruptors.

Pharmaceuticals and Personal Care Products

On 11 dates between February 2004 and August 2005, the USGS examined water samples collected at six sites in
the Milwaukee outer harbor and adjacent areas of Lake Michigan for the presence of several compounds found in
pharmaceuticals and personal care products. Commonly detected compounds included the stimulant caffeine, the
insect repellant DEET, and the nicotine metabolite cotinine. Compounds occasionally detected included the
fragrances and flavoring agents acetophenone; AHTN, camphor, HHCB, and menthol; the perfume fixative
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Figure 40

CONCENTRATION OF ZINC AT SITES IN THE MILWAUKEE OUTER
HARBOR AND ADJACENT LAKE MICHIGAN AREA: 1975-2004
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benzophenone; the cosmetic component triethyl citrate; the deodorizer 1,4-dichlorobenzene; and the sterol
cholesterol. The sources of these compounds to the outer harbor and Lake Michigan are not known. A recent
study also detected the presence of several synthetic musk compounds in water samples collected from Lake
Michigan offshore from Milwaukee.?* A lakewide mass budget indicated that wastewater treatment plants were
the major source of these compounds to the Lake.

Water Quality at Lake Michigan Beaches

While Wisconsin does not have a statewide mandatory monitoring program for Great Lakes public beaches, a
number of Lake Michigan communities, including the Cities of Milwaukee and Racine, have monitored the water
quality of their beaches for decades. In 2003, with annual grants available through the Federal Beach Act of 2000,
the WDNR began the implementation of the Wisconsin Beach Monitoring Program, a collaborative effort
between State and local environmental and health agencies to monitor recreational waters for health risks. The
WDNR coordinates the program, but the local health departments have authority over public beaches within their
jurisdictions. In 2005, the City of Milwaukee Health Department, the City of Racine Health Department, the
Shorewood/Whitefish Bay Health Department, the South Milwaukee Health Department, and the North Shore
Health Department participated in the program. The latter agency serves the City of Glendale and the Villages of
Brown Deer, Fox Point, and River Hills. In addition, the Ozaukee County Health Department also participated,
though they did not monitor any public beaches within the Lake Michigan direct drainage area. More information
on the Wisconsin Beach Monitoring Program is given in SEWRPC Technical Report No. 39.

Agencies participating in the Wisconsin Beach Monitoring Program use E. coli as an indicator of fecal pollution
in recreational waters. All warm-blooded animals have E. coli in their feces. Because of this, the presence of high
concentrations of E. coli indicates a high probability of the presence of fecal contamination and the possible
presence of pathogens related to fecal contamination. While the presence of high concentrations of E. coli does

% paron M. Peck and Keri C. Hornbuckle, “Synthetic Musk Fragrances in Lake Michigan,” Environmental
Science and Technology, Volume 38, 2004.
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not necessarily indicate the presence of pathogenic agents, E. coli is generally found when the pathogenic agents
are found.

For beaches monitored under the Wisconsin Beach Monitoring Program, advisories are issued and beaches are
closed when standards developed by the USEPA in the late 1970s are exceeded.* Water quality advisories are
issued for beaches whenever the concentration of E. coli in a single sample exceeds 235 cells per 100 ml or when
the geometric mean of at least five samples taken over a 30-day period exceeds 126 cells per 100 ml. Beaches are
closed whenever the concentration of E. coli in water exceeds 1,000 cells per 100 ml. Beaches are also closed
after a significant rainfall event that is determined to impact the beach area, after a major pollution event where
there is the potential for E. coli to exceed the standard, or whenever a human health hazard exists as determined
by the local health department.

The Wisconsin Beach Monitoring Program has implemented a tiered monitoring approach to sampling
requirements for monitored beaches. Monitoring requirements vary depending on whether a beach is considered
high, medium, or low priority. In 2005, high priority beaches were required to be sampled at least four times per
week during the swimming season. This requirement was increased to five times per week in 2006. In both of
these years, medium priority beaches were required to be sampled at least two times per week. The sampling
frequency at low priority beaches is determined on a case-by-case basis by State and local authorities, taking into
account resource constraints and risk factors at each low priority beach.

Map 28 shows the public beaches along Lake Michigan in the Lake Michigan direct drainage area. In 2000,
concentrations of E. coli were monitored at seven out of 20 beaches in this area. By 2005, the number of
monitored beaches in the area increased to 12. Six of the beaches monitored in 2005 were considered high priority
beaches. The other monitored beaches in the area were considered medium priority.

Beach Closures and Water Quality Advisories

Figure 41 shows the number of days that Lake Michigan beaches were closed or under water quality advisories
during the years 1999-2005. Combining closings and advisories into one measure gives a more representative
measure of beach water quality because, prior to the standardization that accompanied implementation of the
Wisconsin Beach Monitoring Program in 2003, different jurisdictions used different standards and criteria for
closing beaches. The mean number of days per beach season that individual beaches were closed or under a water
quality advisory was 21.7. There was considerable variation among beaches as to how often they were closed or
under a water quality advisory. For example, Bay View Park Beach had a mean number of days per beach season
of closure or advisory of 4.0 over the years 2004-2005. Similarly, Bender Park Beach had a mean number of days
per beach season of closure or advisory of 7.7 over the years 2003-2005. By contrast, South Shore Beach had a
mean number of days per beach season of closure or advisory of 54.2 over the years 2000-2005. Three beaches,
Bradford Beach, McKinley Beach, and South Shore Beach, showed marked increases in the number of days of
closure or advisory after 2003. By contrast, Atwater Beach and Klode Park Beach showed decreases in the
number of days of closure or advisory after 2002. After 2002, decreases were also seen at Watercraft and Grant
Park Beaches, although the numbers of closings in 2005 at these beaches were similar to the numbers in 2001.

Figure 42 shows E. coli concentrations at 12 Lake Michigan beaches and the rocky site at South Shore Beach. At
every monitored beach, the single sample standard for issuing advisories of 235 cells per 100 ml was exceeded in
each year for which data exist. At some beaches, the proportion of samples exceeding this standard was quite
high. For example, in every year except 2003, E. coli concentrations at South Shore Beach exceeded this standard
in 50 percent or more of the samples collected. The single sample standard for beach closure of 1,000 cells per
100 ml was also often exceeded. At most beaches, it was exceeded at least once in most years for which data are

3V.J. Cabelli, Health Effects Criteria for Marine Recreational Waters, USEPA EPA-600/1-80-031, 1983; USEPA,
Health Effects Criteria for Fresh Recreational Waters, EPA-600/1-84-002, 1984; USEPA, Ambient Water Quality
Criteria for Bacteria-1986, EPA-440/5-84-002, 1986.
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Map 28

MONITORING OF BEACHES WITHIN THE AREA DIRECTLY TRIBUTARY TO LAKE MICHIGAN: 2000-2005
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Figure 41

CLOSINGS AND ADVISORIES AT LAKE MICHIGAN BEACHES: 2000-2005
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available. A few trends were apparent in the data. At most beaches, median E. coli concentrations were lower in
2005 than in 2004. There were three exceptions to this generalization. Median E. coli concentrations at Doctors
Park Beach, the rocky site at South Shore beach, and Bender Park Beach in 2005 were similar to, or higher than,
median concentrations in 2004. At four beaches, Atwater Beach, Bradford Beach, McKinley Beach, and Bender
Park Beach, concentrations of E. coli have increased over time. By contrast concentrations of E. coli at Klode
Park Beach appear to have decreased. No trends over time were apparent at Doctors Park Beach, South Shore
Beach, Grant Park Beach, Zoo Beach, or North Beach. At South Shore Beach, concentrations of E. coli at the
shoreline were compared to concentrations 10 meters and 150 meters offshore. On both dry and rainy days,
concentrations at the shoreline were higher than concentrations offshore.®

%3.L. McLellan and A.K. Salmore, “Evidence for Localized Bacteria Loadings as the Cause of Chronic Beach
Closings in a Freshwater Marina,” Water Research, Volume 37, 2003.
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Figure 42

CONCENTRATIONS OF E. COLI AT LAKE MICHIGAN BEACHES: 1999-2005
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Sources of Bacterial Contamination to Lake Michigan Beaches

Several potential sources of contamination have been suggested as contributing to the high concentrations of
E. coli detected at Lake Michigan beaches. The potential sources of contamination cited include overflows from
combined and sanitary sewers, discharges of stormwater from outfalls near beaches, runoff from parking lots and
other impervious areas adjacent to beaches, mobilization of E. coli from reservoirs in sand and sediment,
contributions of E. coli from wildlife visiting or residing at beaches or in adjacent areas, and mobilization from
reservoirs in algal mats on beaches or in nearshore waters. It is important to note that beach closings and
advisories are not always related to elevated bacteria concentrations. When they are, the source of the bacteria
causing the closing or advisory is not always obvious. More-detailed information about sources of bacterial
contamination to Lake Michigan beaches is given in SEWRPC Technical Report No. 39.
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High concentrations of E. coli and the resulting water quality advisories and beach closures have popularly been
attributed to overflows from combined and separate sanitary sewers. Several lines of evidence suggest that while
sewer overflows can affect water quality at some of the Lake Michigan beaches, they may not currently be the
major factor driving trends in beach water quality. First, there was not a strong correspondence between timing of
overflows and timing of beach closings and advisories. Figure 43 compares the timing of beach advisories at three
Milwaukee beaches during 2000 to rainfall and combined sewer overflow events. In the figure, overflow events
are indicated by gray shading, rainfall is indicated by blue bars, and the number of beaches closed or under water
quality advisory is indicated by green dots. The timing of most beach water quality advisories in 2000 did not
correspond to the timing of overflow events. Beach advisories occurred consistently throughout the season. In
addition, some periods with high numbers of advisories occurred several weeks after the most recent overflow
event. Given that E. coli die off fairly rapidly in Lake Michigan water, it is unlikely that the bacteria triggering
these closures were contributed by overflows. Second, while surveys of E. coli taken in the inner and outer
harbors and adjacent areas of Lake Michigan during CSO events did indicate some impact of those events on
South Shore Beach, they showed little impact of CSO on E. coli concentrations at Bradford, McKinley, and
Watercraft Beaches.®” These surveys also found that E. coli during overflow events could not be detected at
concentrations above 10 cells per 100 ml at distances greater than 3.1 miles from the harbor breakwall, suggesting
that the impact of inputs from the harbor, including the impacts of CSOs and SSOs may be limited to those
beaches that are relatively close to the harbor. Third, the results of a modeling study suggest that many of closures
and advisories at Bradford, McKinley, and South Shore Beaches derived from other causes than inputs from the
Rivers and overflow events.*® In several instances the study found that the concentrations of bacteria predicted by
the model based inputs of bacteria from the Kinnickinnic, Menomonee, and Milwaukee Rivers, CSOs, SSOs, and
wastewater treatment plants were less than the observed concentrations, suggesting that the observed concen-
trations were strongly influenced by locally derived sources not accounted for in the model. The study concluded
that bacterial loads from the Rivers and from overflows can have impacts at Bradford, McKinley, and South
Shore Beaches; however, these impacts are related to short-duration storm and overflow events and have a time
period on the order of five days.

Inputs of stormwater from outfalls discharging over or near beaches can affect water quality at beaches. High
concentrations of E. coli have been detected in discharges from stormwater outfalls over or near some Lake
Michigan beaches.*® Similarly, runoff from parking lots and other paved surfaces near beaches can contribute
bacteria and other pollutants that affect water quality at beaches. High concentrations of E. coli have been
detected in samples of runoff collected from parking lots at some Lake Michigan Beaches.*

Reservoirs of bacteria in beach sand and sediment may also act as sources of bacteria to water at swimming
beaches. Concentrations of E. coli detected in foreshore sands at beaches have been reported to be 10 to 1,000

3’McLellan and Hollis, 2005, op. cit.

%HydroQual, Inc. and Camp Dresser McKee, Milwaukee Harbor Estuary Hydrodynamic & Bacteria Modeling
Report, Bacteria Source, Transport and Fate Study—Phase 1, August, 2005.

%9Sandra L. McLellan and Erika T. Jensen, Identification and Quantification of Bacterial Pollution at Milwaukee
County Beaches, Great Lakes WATER Institute Technical Report, September 2005; Julie Kinzelman, Sandra L.
McLellan, Annette D. Daniels, Susan Cashin, Ajaib Singh, Stephen Gradus, and Robert Bagley, “Non-point
Source Pollution: Determination of Replication Versus Persistence of Escherichia coli in Surface Water and
Sediment with Correlation of Levels to Readily Measurable Environmental Parameters,” Journal of Water and
Health, Volume 2, 2004.

“*McLellan and Salmore, 2003, op. cit.
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Figure 43

MILWAUKEE AREA BEACH ADVISORIES: 2000
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times higher than concentrations in beach waters.*" High concentrations of E. coli in sand are associated with

several factors including the amount of moisture in the sand, the presence of stormwater discharge over the
beach,*? and the particular beach grooming techniques used.** Altering mechanical grooming techniques to

“IRichard L. Whitman and Meredith B. Nevers, “Foreshore Sand as a Source of Escherichia coli in Nearshore
Water of a Lake Michigan Beach,” Applied and Environmental Microbiology, Volume 69, 2003.

*?McLellan and Jensen, 2005, op. Cit.

43Julie L. Kinzelman, Richard L. Whitman, Muruleedhara Byappanalalli, Emma Jackson, and Robert C. Bagley,
“Evaluation of Beach Grooming Techniques on Escherichia coli Density in Foreshore Sand at North Beach,
Racine, WI,”” Lake and Reservoir Management, Volume 19, 2003.
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provide deeper grooming and omitting the finishing process can reduce concentrations in foreshore sand.** When
reservoirs of bacteria are present in beach sand, wave action can draw these microorganisms out into the water.*
It is important to note that bathers at beaches spend considerable time directly exposed to beach sand. Even if
beach sands contribute relatively small amounts of bacteria to beach waters, concentrations of bacteria in the sand
may pose a risk of infection to bathers.

Fecal material from waterfowl may be a source of bacterial contamination to beach sand and water. While several
species have been suggested as potentially contributing to decreases in beach water quality, ring-billed gulls are a
particular species of concern. Several beaches in the study area serve as roosting areas for ring-billed gulls. Ring-
billed gull feces have been shown to contain high concentrations of bacteria species used as water quality
indicators.*® Studies have shown correlations between gull counts at beaches and concentrations of E. coli in
beach water and sand.*’ Finally, ring-billed gull feces have been shown to contain species and strains of bacteria
known to be pathogenic to humans.*®

The presence of mats of filamentous algae may also contribute bacterial contamination to Lake Michigan beaches.
High concentrations of bacterial indicators of fecal contamination in swimming waters and beach sand have been
associated with the presence of algal mats, particularly Cladophora.*® In addition, some studies suggest that water
quality indicator bacteria are able to persist for long periods and perhaps multiply in algal mats.*>®

Synthesis

There is continuing public concern about water quality at public beaches along Lake Michigan. Conditions as
measured by the number of closings and advisories improved at some beaches, such as North Beach and Zoo
Beach (Figure 41). By contrast, at some other beaches, such as Bradford Beach, McKinley Beach, and South

44].L Kinzelman, K.R. Pond, K.D. Longmaid, and R.C. Bagley, “The Effects of Two Mechanical Beach Grooming
Strategies on Escherichia coli Density in Beach Sand at a Southwestern Lake Michigan Beach,” Aquatic
Ecosystem Health & Management, Volume 7, 2004.

**Kinzelman and others, Journal of Water and Health, 2004, op. cit.

*°K.A. Alderisio and N. DeLuca, “Seasonal Enumeration of Fecal Coliform Bacteria from the Feces of Ring-
Billed Gulls (Larus delawarensis) and Canada Geese (Branta Canadensis),” Applied and Environmental
Microbiology, Volume 65, 1999; L.R. Fogarty, S.K. Haack, M.J. Wolcott, and R.L. Whitman, “Abundance and
Characteristics of the Recreational Water Quality Indicator Bacteria Escherichia coli and Enterococci in Gull
Faeces,” Journal of Applied Microbiology, Volume 94, 2003.

4"Benoit Lévesque, Pierre Bousseau, Pierre Simard, Eric Dewailly, Monica Meisel, DanieRamsay, and Jean Joly,
“Impact of the Ring-Billed Gull (Larus delawarensis) on the Microbiological Quality of Recreational Water,”
Applied and Environmental Microbiology, Volume 59, 1993; Whitman and Nevers, 2003, op. cit.

*8Sylvain Quessy and Serge Messier, “Prevalence of Salmonella spp., Campylobacter spp. and Listeria spp. in
Ring-Billed Gulls (Larus delawarensis),” Journal of Wildlife Diseases, Volume 28, 1992; Lévesque and others,
1993, op. cit.

“*Richard L. Whitman, Dawn A. Shively, Heather Pawlik, Meredith B. Nevers, and Muruleedhara N.
Myappanahalli, “Occurrence of Escherichia coli and Enterococci in Cladophora (Chlorophyta) in Nearshore
Water and Beach Sand of Lake Michigan, Applied and Environmental Microbiology, Volume 69, 2003; Ola A.
Olapade, Morgan M. Depas, Erika T. Jensen, and Sandra L. McLellan, “Microbial Communities and Fecal
Indicator Bacteria Associated with Cladophora Mats on Beach Sites along Lake Michigan Shores,” Applied and
Environmental Microbiology, Volume 72, 2006.

*%Whitman and others, 2003, op. cit.; Olapade and others, 2006, op. cit.
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Shore Beach, water quality is declining or remains poor. Local sources of contamination appear to be important
determining factors of water quality at Lake Michigan beaches. Factors such as the placement of stormwater
outfalls relative to beaches and swimming areas, locations of impervious surfaces such as parking lots, and the
presence of wildlife can exert a strong influence on beach water quality and appear to be contributing to the
number of water quality advisories and beach closings at some beaches in the Lake Michigan direct drainage area.
It is important to note that water quality indicator organisms, such as E. coli, contributed by these and other
sources can persist in beach sand and mats of Cladophora present on or adjacent to beaches. The presence,
concentration, and persistence of indicator bacteria in beach sand can be affected by the particular methods of
beach grooming used. In any case, precipitation and wave action may mobilize indicator bacteria present in sand
or algal mats to beach water. The persistence of pathogens in beach sand and Cladophora mats is poorly
understood. To the extent that persistence of indicator bacteria in sand and Cladophora mats does not reflect
persistence of pathogens, the persistence of indicator bacteria in these places may reduce the strength of the
relationship between indicator organisms, such as E. coli, and actual pollution, potentially complicating beach-
monitoring efforts through releases of E. coli that elevate concentrations in water at times when fecal
contamination is not present. It is important to note, however, that issuance of beach advisories and closings under
these circumstances errs on the side of being protective of human health.

TOXICITY CONDITIONS OF THE GREATER MILWAUKEE WATERSHEDS

Much, though not all, of the data on toxic contaminants in the greater Milwaukee watersheds is related to four
sites with contaminated sediments: the Moss-American USEPA Superfund site on the Little Menomonee River in
the Menomonee River watershed, the Cedar Creek USEPA Superfund site in the Milwaukee River watershed,
Estabrook Impoundment on the Milwaukee River in the Milwaukee River watershed, and the Milwaukee Estuary
Area of Concern (AOC) in the Milwaukee River estuary, outer harbor, and adjacent Lake Michigan area.

The Moss-American USEPA Superfund site is located on Granville Road, west of the Little Menomonee River. It
was formerly the location of a wood preserving facility. From 1921 to 1976, the facility treated railroad ties with
creosote for preservation. Until 1971, wastes from this operation were discharged into settling ponds which
ultimately drained to the Little Menomonee River. Remediation efforts at the Moss-American site and along the
Little Menomonee River are ongoing. Between 1995 and 2002, about 3,100 gallons of creosote were removed
from ground water associated with the site and about 137,000 tons of soil from the site were treated to remove
contaminants. From 2003 to 2005, sections of channel of the Little Menomonee River between W. Brown Deer
Road and Leon Terrace were relocated. Current plans call for five sections totaling six miles of the Little
Menomonee River to be treated by rerouting the channel, removing and treating the contaminated sediment,
filling the old channel, and revegetating the new channel. These remedial efforts represent implementation of
recommendations first made in the Commission’s comprehensive plan for the Menomonee River watershed.*

The Cedar Creek Superfund site consists of the Mercury Marine Plant 2 on St. John Avenue, the Amcast Facility
on Hamilton Road, and Zeunert Pond, all in the City of Cedarburg, and a 5.1 mile segment of Cedar Creek from
below the Ruck Pond dam in the City of Cedarburg downstream to the confluence with the Milwaukee River in
the Town of Grafton. PCBs from two sources have contaminated Cedar Creek. Mercury Marine, a boat engine
manufacturer, operated a plant on St. John Avenue from 1951 to 1982. Fluids containing PCBs leaked from
equipment in this plant and were washed into floor drains, which emptied into storm sewers. Those sewers
emptied into Ruck Pond and ultimately flowed into the Milwaukee River. Amcast, an automotive industry
supplier, operated an aluminum and magnesium die-cast plant on Hamilton Road that discharged PCBs into the
Creek via storm sewers. One of those sewers emptied into Hamilton Pond, an impoundment on Cedar Creek. In
1996, as a result of heavy rains and high streamflow, the Hamilton dam failed and was removed. The pond was
drained, leaving behind several acres of mud flats containing PCBs. Several remediation efforts have been
undertaken at this site. Among these was the removal of about 7,700 cubic yards of contaminated sediment and

SISEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Watershed, Volume Two,
Alternative Plans and Recommended Plan, October 1976.
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soil from Ruck Pond. While this removed about 96 percent of the PCB mass from the pond, samples from residual
sediment remaining in the pond exhibited an average PCB concentration of 76 mg/kg.> In addition, about 14,000
tons of contaminated soils were removed from the banks of the former Hamilton Pond.

Estabrook Impoundment is formed by the Estabrook dam on the Milwaukee River. This site contains about
100,000 cubic yards of sediment contaminated with about 5,200 kg of PCBs.>® The site includes the western
channel of the Milwaukee River, sections of the mainstem of the Milwaukee River from the confluence with the
western channel downstream to Estabrook dam, and Lincoln Creek from Green Bay Road to the confluence with
the Milwaukee River. A study of PCB transport in the Milwaukee River watershed estimated that, through
resuspension of sediment and dissolution of PCBs stored in sediment, this impoundment increases annual mass
transport of PCBs in the Milwaukee River from about 5 kg to about 15 kg.>* The source of the PCBs in this
impoundment is not known; however, the mixture of PCB congeners found at this site contains a greater
proportion of lighter, less chlorinated congeners than those found at sites along Cedar Creek or at upstream sites
along the mainstem of the Milwaukee River, suggesting that these contaminants may have entered the watershed
through Lincoln Creek.

The Milwaukee Estuary Area of Concern (AOC) includes the Milwaukee River downstream from the site of the
former North Avenue dam, the Menomonee River downstream from S. 35th Street, the Kinnickinnic River
downstream from S. Chase Avenue, the inner and outer harbors, and the nearshore waters of Lake Michigan
bounded by a line extending north from Sheridan Park to the intake from the City of Milwaukee’s Linnwood
water treatment plant. It is one of 43 sites in the Great Lakes area targeted for priority attention under the
U.S.-Canada Great Lakes Water Quality Agreement (Annex 2 of the 1987 Protocol) due to impairment of
beneficial use of the area's ability to support aquatic life. Eleven beneficial use impairments have been identified
in the Milwaukee Estuary AOC including restrictions of fish and wildlife consumption, degradation of fish and
wildlife populations, fish tumors or other deformities, bird or animal deformities or reproductive problems,
degradation of benthos, restrictions on dredging activities, eutrophication or undesirable algae, beach closings,
degradation of aesthetics, degradation of phytoplankton and zooplankton populations, and loss of fish and wildlife
habitat.>> While these impairments are the result of many causes, many are related, at least in part, to the presence
of toxic substances in water, sediment, and the tissue of organisms.

Toxic Substances in Water

Pesticides

Since the 1970s, streams in the greater Milwaukee watersheds have been sampled for the presence of pesticides in
water on several occasions. Most of the sampling was conducted on the mainstems of the major rivers and
streams. Few tributaries have been sampled. It is important to note that the results from the samples taken during
2004 in all watersheds and during 1993-2002 in the Milwaukee River watershed are not directly comparable to
those from earlier periods. The data from the earlier periods were derived from unfiltered samples which included
both pesticides dissolved in water and pesticides contained in and adsorbed to particulates suspended in the water.
The data from the later samples were derived from filtered samples and measure only the fraction of pesticides
dissolved in water. Since most pesticides are poorly soluble in water, these data may give an underestimate of
ambient pesticide concentrations relative to the earlier data.

52Baird and Associates, Final Report, Milwaukee PCB Mass Balance Project, September 1997.
*31bid.

*Jeffrey S. Steuer, Sharon A. Fitzgerald, and David W. Hall, Distribution and Transport of Polychlorinated
Biphenyls and Associated Particulates in the Milwaukee River System, Wisconsin, 1993-1995, U.S. Geological
Survey Water-Resources Investigations Report 99-4100, 1999.

*Wisconsin Department of Natural Resources, Milwaukee Estuary Remedial Action Plan Progress through
January 1994, 1995.
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Since the 1970s, the Kinnickinnic River watershed has been sampled for the presence of pesticides in water on
several occasions. There have been four sampling years: 1975, 1984, 1993 and 2004. Sampling during 1975
focused heavily on the insecticides dieldrin, lindane, and DDT and on the metabolites of DDT. In general, the
concentrations of these substances were below the limits of detection. In 1984 samples were tested for chlordane,
dieldrin, DDT and its metabolites, endosulfan, lindane, and toxaphene. While the concentrations of most of these
were below the limit of detection, lindane and toxaphene were each detected in one sample. In 1993, four sites in
the estuary were sampled for chlordane isomers. In one sample, measurable concentrations of y-chlordane were
detected. During the 2004 sampling, the insecticides carbaryl and diazinon were occasionally detected as were the
herbicide atrazine and its metabolite deethylatrazine. Where detectable concentrations of diazinon and atrazine
were reported, they were below the USEPA draft aquatic life criteria.

Since the 1970s, the Menomonee River watershed has been sampled for the presence of pesticides in water on
several occasions. There have been three sampling periods: the mid-1970s, the early-1990s, and 2004. Sampling
during the 1970s focused heavily on the insecticide DDT and its metabolites. In general, the concentrations of
these substances were below the limits of detection. Several pesticides were detected in the sampling conducted
during the 1990s including the insecticides DDT, chlordane, endosulfan, lindane, and toxaphene and the
herbicides 2,4-D and atrazine. DDT metabolites were also detected. During the 2004 sampling, the insecticides
carbaryl and diazinon were occasionally detected as were the herbicide atrazine and its metabolite deethylatrazine.
Where detectable concentrations of diazinon and atrazine were reported, they were below the USEPA draft
aquatic life criteria. Detectable concentrations of some herbicides were present mostly in May and June,
corresponding to the periods during which these pesticides were normally applied.

Since the 1970s, the Milwaukee River has been sampled for the presence of pesticides in water on several
occasions. There have been four periods of sampling: 1975-1976, 1982, 1993-2002, and 2004. During 1975 and
1976, water samples from six sites along the mainstem of the Milwaukee River in Milwaukee County were
examined for the presence of the insecticides DDT, dieldrin, and lindane and for the DDT metabolites DDD and
DDE. In all samples the concentrations of these substances were below the limit of detection. In 1982, three
samples collected from the Milwaukee River at Estabrook Park were examined for presence of the herbicide
atrazine. Atrazine was detected in all samples at a mean concentration of 0.33 ug/l. During the period 1993-2002,
samples collected from the Milwaukee River at Estabrook Park were examined for the presence of several
pesticides. The herbicide atrazine and its metabolite deethylatrazine were detected in all samples at mean
concentrations of 0.10 g/l and 0.03 ug/l, respectively. In addition, the atrazine metabolite deisopropylatrazine
was detected in all samples that were screened for it. The mean concentration of this compound was 0.02 ug/l.
The insecticides carbaryl and diazinon were frequently detected at mean concentrations of 0.014 ug/l and
0.010 ug/l, respectively. The insecticides dieldrin, lindane, and malathion and the DDT metabolite DDE were
detected in a few samples at concentrations of 0.011 xg/l, 0.06 xg/l, 0.018 g/, and 0.014 ug/l, respectively. In
2004, samples were collected from the mainstem of the Milwaukee River at Pioneer Road, Estabrook Park, and
the Jones Island WWTP and examined for the presence of several pesticides. Atrazine and deethylatrazine were
detected in all samples that were screened for these compounds at mean concentrations of 0.190 xg/l and 0.055
19/1, respectively. Carbaryl and diazinon were occasionally detected with mean concentrations of 0.008 g/l and
0.007 ug/l, respectively. When they were detected in the Milwaukee River, the concentrations of atrazine and
diazinon reported were below the USEPA draft aquatic life criteria. The USEPA has not promulgated criteria for
the other pesticides that were detected.

Since the 1970s, Lincoln Creek in the Milwaukee River watershed has been sampled for the presence of
pesticides in water on several occasions. There have been four periods of sampling: 1975, 1993-1994, 2001 and
2004. The results from the samples taken during 2001 and 2004 are not directly comparable to those from the
earlier periods for the reasons given above. During 1975, water samples from three sites along Lincoln Creek
were examined for the presence of the insecticides DDT, dieldrin, and lindane and for the DDT metabolites DDD
and DDE. In all samples the concentrations of these substances were below the limit of detection. During the
period 1993-1994, water samples were collected from Lincoln Creek at N. 47th Street and examined for the
presence of several pesticides. Atrazine was occasionally detected with a mean concentration of 0.20 ug/l. The
insecticide chlordane was detected in one sample at a concentration of 0.08 xg/l. In 2001, water samples collected
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from Lincoln Creek at N. 47th Street were examined for the presence of several pesticides. Atrazine was detected
in most of the samples, with a mean concentrations of 0.040 ug/l. Deethylatrazine was detected in all samples
with a mean concentration of 0.016 ug/l. Diazinon was frequently detected and had a mean concentration of
0.203 ug/l. Carbaryl, deisopropylatrazine, and malathion were each detected in one sample at concentrations of
0.035 ug/l, 0.008 ng/l, and 0.127 ug/l, respectively. In 2004, water samples collected from Lincoln Creek at N.
47th Street were examined for the presence of several pesticides. Atrazine, carbaryl, deethylatrazine, and diazinon
were each detected in one sample at concentrations of 0.148 ug/l, 0.004 ug/l, 0.046 ug/l, and 0.009 ug/l. When
they were detected in Lincoln Creek, the concentrations of atrazine and diazinon reported were below the USEPA
draft aquatic life criteria. The USEPA has not promulgated criteria for the other pesticides that were detected.

Relatively few data are available on concentrations of pesticides in water in other tributaries to the Milwaukee
River. In 1993, samples were collected from Batavia Creek, Chambers Creek, Gooseville Creek, the Lake Ellen
Outlet, Melius Creek, Nichols Creek, and the North Branch of the Milwaukee River and examined for the
presence of atrazine and deethylatrazine. Both of these compounds were found in all of the samples.
Concentrations of atrazine in these streams ranged between 0.007 ug/l and 0.043 ug/l, with a mean of 0.023 ug/l.
Concentrations of deethylatrazine ranged between 0.011 xg/l and 0.041 ug/l, with a mean of 0.022 ug/l. During
the period 1993-1994, the North Branch of the Milwaukee River was sampled extensively at a site near Random
Lake for the presence of several pesticides. Atrazine and deethylatrazine were found in all samples with mean
concentrations of 0.060 ug/l and 0.031 wg/l, respectively. Carbaryl, diazinon, and malathion were also
occasionally detected. In 2001, additional sampling was conducted at this site. Atrazine and deethylatrazine were
found in all samples with mean concentrations of 0.080 xg/l and 0.021 ug/l, respectively. The concentrations of
atrazine and diazinon reported in tributary streams in the Milwaukee River watershed were below the USEPA
draft aquatic life criteria. The USEPA has not promulgated criteria for the other pesticides that were detected.

Since the 1970s, the Oak Creek watershed has been sampled for the presence of pesticides in water on several
occasions. There have been four sampling years: 1975, 1982, 1993 and 2004. Sampling during 1975 focused
heavily on the insecticides dieldrin, lindane, and DDT and on the metabolites of DDT. The concentrations of
these substances were below the limits of detection. Single samples from sites on the mainstem of Oak Creek
were taken in 1982 and 1993 and tested for toxaphene. In both cases, the concentration of this insecticide was
below the limit of detection. During the 2004 sampling, the insecticides diazinon, dieldrin, and malathion were
below the limit of detection. The insecticide carbaryl was detected in one sample as were the herbicide atrazine
and its metabolite deethylatrazine. The concentration of atrazine reported was below the USEPA draft aquatic life
criteria.

The Root River watershed has been sampled for the presence of pesticides in water on several occasions. The site
below the Horlick dam on the mainstem of the River in Racine was sampled in 1995, 1998, and 2002. Three
additional sites along the mainstem, W. Layton Avenue, W. Grange Avenue, and upstream of W. Ryan Road,
were sampled in 2004. The insecticides carbaryl and diazinon were detected in some samples from each site. The
herbicide atrazine was detected in most of the samples. The atrazine metabolite deethylatrazine was detected at
two upstream sites. The herbicide glyphosate was detected in samples from the station below the Horlick dam.
Concentrations of the insecticides dieldrin, lindane, and malathion were below the limit of detection. The
concentrations of atrazine and diazinon reported were below the USEPA draft aquatic life criteria.

Relatively few data are available on concentrations of pesticides in water in the Milwaukee Harbor estuary, outer
harbor, and nearshore Lake Michigan area. In 1993, four sites in the estuary portion of the Kinnickinnic River
were sampled for chlordane isomers. Measurable concentrations of y-chlordane were detected in one sample. In
2004, samples were collected from the Milwaukee River section of the estuary at the Jones Island WWTP and
examined for the presence of several pesticides. Atrazine and deethylatrazine were detected in one sample that
was screened for these compounds at concentrations of 0.195 ug/l. and 0.060 wg/l, respectively. Carbaryl and
diazinon were detected in one sample each with concentrations of 0.011 xg/l and 0.011 ug/l, respectively. The
concentrations of atrazine and diazinon reported were below the USEPA draft aquatic life criteria. The USEPA
has not promulgated criteria for the other pesticides that were detected.
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While no data were available on pesticide concentrations in water from the outer harbor or nearshore Lake
Michigan area, data were available for Lake Michigan as a whole. These data should give some indications of
conditions in the nearshore area. The Lake Michigan Mass Balance Study examined concentrations of the
pesticide atrazine and two of its metabolites, deethylatrazine and deisopropylatrazine, in tributaries draining into
Lake Michigan and the open waters of Lake Michigan.*® Loadings from tributaries represent the major source of
atrazine to the Lake, accounting for about 68 percent of contributions. Concentrations of atrazine in 16 samples
collected from near the mouth of the Milwaukee River in 1994 and 1995 ranged between 0.011 wg/l and
0.058 ug/l, with a mean concentration of 0.030 ug/l. Concentrations of deethylatrazine ranged between 0.017 ug/I
and 0.060 wg/l, with a mean concentration of 0.029 ug/l. Concentrations of deisopropylatrazine ranged between
0.015 g/l and 0.056 ug/l, with a mean concentration of 0.028 ng/l. Concentrations of atrazine in the open waters
of Lake Michigan ranged between 0.022 ug/l and 0.058 ug/l, with a mean concentration of 0.038 wug/l.
Concentrations of deethylatrazine in the open waters of Lake Michigan ranged between 0.014 g/l and 0.036 wg/I,
with a mean concentration of 0.026 ug/l. Concentrations of deisopropylatrazine in the open waters of Lake
Michigan ranged from below the limit of detection to 0.030 ug/l with a mean concentration of 0.015 xg/l. These
observed concentrations are well below the USEPA biological effects threshold. The study estimated that in 1994
the Milwaukee River basin contributed 87 kg of atrazine to Lake Michigan. This represents less than 2 percent of
the estimated tributary loading of 5,264 kg to the Lake.

The Lake Michigan Mass Balance Study also examined concentrations of the pesticide trans-nonachlor, an isomer
and constituent of the insecticide chlordane in tributaries draining into Lake Michigan and the open waters of
Lake Michigan.>” Concentrations of dissolved trans-nonachlor in 36 samples collected from near the mouth of the
Milwaukee River in 1994 and 1995 ranged from below the limit of detection to 0.044 nanograms per liter (ng/l)
with a mean concentration of 0.023 ng/l. Concentrations of particulate trans-nonachlor ranged between 0.011 ng/l
and 0.22 ng/l with a mean concentration of 0.037 ng/I.

Polycyclic Aromatic Hydrocarbons (PAHS)

Since 1995, sampling has been conducted for PAHSs in the mainstems of most of the major streams and rivers of
the greater Milwaukee watershed. The samples collected fall into two groups. MMSD conducted extensive
sampling for 16 PAH compounds in whole water at stations along the mainstems of the Menomonee,
Kinnickinnic, and Milwaukee Rivers during the period 1995-2001 and at stations along the Root River in
Milwaukee County during the period 1999-2001. In 2004 the USGS sampled at sites along the Menomonee,
Kinnickinnic, Milwaukee, and Root Rivers and Oak Creek for six PAH compounds dissolved in water. It is
important to note that the results of the 2004 sampling are not directly comparable to the results of the earlier
sampling. The 2004 sampling examined fewer compounds than the earlier sampling. In addition, the data from
1995-2001 were derived from unfiltered samples which included both PAHs dissolved in water and PAHSs
contained in and adsorbed to particulates suspended in the water. The data from 2004 were derived from filtered
samples and measure only the fraction of PAHSs dissolved in water. Since most PAHSs are poorly soluble in water,
the data from the 2004 samples may give an underestimate of concentrations relative to the earlier data.

Measurable concentrations of PAHs were detected at all of the sampling stations surveyed. Concentrations of total
PAHSs in whole water samples ranged from below the limit of detection to 12.8 ug/l. Between the periods 1995-
1997 and 1998-2001, mean total PAH concentrations in the Milwaukee Harbor estuary decreased slightly from
1.06 pg/l to 0.97 pg/l. This decrease was not statistically significant. At the same time, mean concentrations of
total PAHSs in the estuary portions of the Kinnickinnic and Menomonee Rivers increased. Between the periods
1995-1997 and 1998-2001, the mean concentration of total PAHs in the estuary portion of the Kinnickinnic River
increased from 0.98 pg/l to 1.15 pg/l and the mean concentration of total PAHSs in the estuary portion of the

*5U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Atrazine Data
Report, EPA 905R-01-010, December 2001.

*’U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Polychlorinated
Biphenyls and Trans-nonachlor Data Report, EPA 905R-01-011, April 2004.
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Menomonee River increased from 0.51 g/l to 1.01 pg/l. These increases in mean PAH concentration the estuary
portions of these Rivers were accompanied by decreases in the portions of the Rivers upstream from the estuary.
Between the periods 1995-1997 and 1998-2001, the mean concentration of total PAHSs in the portion of the
Kinnickinnic River upstream from the estuary decreased from 1.70 pg/l to 1.04 pg/l. Similarly, the mean
concentration of PAHSs in the portion of the Menomonee River decreased from 1.76 pg/l to 0.72 pg/l between the
same two periods. The mean concentration of PAHs in whole water samples from the Milwaukee River was
0.85 pg/l. In the Milwaukee River, the concentration and frequency of detection of PAHSs tended to increase from
upstream to downstream. The mean concentration of PAHSs in whole water samples collected from the Root River
was 0.47 pg/l. It is important to note that these samples were all collected from MMSD’s sampling stations in
Milwaukee County.

In general, mean concentrations of PAHs in samples collected in 2004 were lower than those collected in previous
years, but as noted above, fewer compounds were examined in these samples and these samples were examined
only for dissolved concentrations.

Polychlorinated Biphenyls (PCBs)

Between 1995 and 2001 the MMSD long-term sampling sites along the mainstems of the Kinnickinnic,
Menomonee, Milwaukee, and Root Rivers and Lincoln and Southbranch Creeks were sampled for the presence
and concentrations of 14 PCB congeners in water. Concentrations of only 14 out of 209 congeners from this
family of compounds were examined. Thus, the total PCB concentration may be underestimated since only some
congeners were examined. In all of the samples collected from the Root River and Southbranch Creek, the
concentrations of these PCB congeners were below the limit of detection. While in the majority of samples
collected from the Kinnickinnic, Menomonee, and Milwaukee Rivers and Lincoln Creek, the concentrations of
these PCB congeners were below the limit of detection, when PCBs were detected they were at concentrations
that exceeded Wisconsin’s wildlife criterion for surface water quality of 0.12 nanograms per liter (ng/l). While the
congeners that were most commonly detected in these samples are known to exhibit toxicological activity, they
are not considered to be among the most highly toxic PCB congeners. It is important to note that concentrations of
several of the congeners considered to be most highly toxic were not examined by MMSD in this sampling.

More extensive sampling for PCB concentrations in water was conducted by the U.S. Geological Survey in the
Milwaukee River and Cedar Creek, both in the Milwaukee River watershed. These samples were examined for
both concentrations of the PCB fractions dissolved in water and concentrations associated with suspended
sediment. For both streams sampled, the total PCB concentration may be underestimated since only some
congeners were examined. Between 1993 and 1995 concentrations of 62 PCB fractions representing 85 PCB
congeners out of 209 congeners from this family of compounds were examined at five locations along the
mainstem of the Milwaukee River. Also, between 1991 and 2001 concentrations of 62 PCB fractions representing
85 PCB congeners were examined at four locations along Cedar Creek. In all of the samples collected from both
streams, PCB concentrations exceeded Wisconsin’s wildlife criterion for surface water quality of 0.12 nanograms
per liter (ng/l). In both streams, several of the congeners that are regarded as most highly toxic were detected,
usually being found in the majority of samples.

Because of both the limited time frame over which sampling for PCB concentrations in water was conducted and
differences among the congener suites examined, the data are not adequate to assess trends in PCB concentrations
in water over time.

Toxic Contaminants in Aquatic Organisms

The WDNR periodically surveys tissue from fish and other aquatic organisms for the presence of toxic and
hazardous contaminants. Several surveys were conducted at sites within the greater Milwaukee watersheds
between 1976 and 2002. These surveys screened for the presence and concentrations of several contaminants
including metals, PCBs, and organochloride pesticides. Because of potential risks posed to humans by
consumption of fish containing contaminants, the WDNR has issued a general fish consumption advisory for fish
caught from most of the surface waters of the State. The details of this advisory are shown in Table 38. In
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Table 38

GENERAL FISH CONSUMPTION ADVISORY FOR MOST WATERS IN WISCONSIN&

Advisory Sensitive Groupb All others
Unlimited Consumption -- Bluegill, sunfish, black crappie, white crappie,
yellow perch, or bullheads
One Meal per Week Bluegill, sunfish, black crappie, white crappie, Walleyed pike, northern pike, smallmouth bass,
yellow perch, or bullheads largemouth bass, channel catfish, flathead

catfish, or other species

One Meal per Month Walleyed pike, northern pike, smallmouth bass, --
largemouth bass, channel catfish, flathead
catfish, white sucker, drum, burbot, sauger,
sturgeon, carp, white bass, rock bass, or other
species

Do Not Eat Muskellunge

20n certain waters, the Wisconsin Department of Natural Resources issues more restrictive consumption advice due to higher levels of
mercury or PCBs in fish.

bsensitive group includes pregnant women, nursing mothers, women of childbearing age, and children under 15 years of age.

Source: Wisconsin Department of Natural Resources.

addition, when tissue from fish caught in a particular waterbody is found to contain higher levels of mercury,
PCBs, or dioxins, the WDNR issues more restrictive consumption recommendations. The WDNR has issued fish
consumption advisories for several species of fish taken from several waterbodies in the greater Milwaukee
watersheds. These waterbodies include Cedar Creek, Jackson Park Pond in Milwaukee County, the Kinnickinnic
River, Lake Michigan and tributaries of Lake Michigan up to the first dam, Lincoln Creek, Mauthe Lake, the
Menomonee River, the Milwaukee Harbor Estuary, the Milwaukee River downstream from the City of Grafton,
the Root River downstream from the Horlick dam, and Zeunert Pond in the City of Cedarburg. Table 39 shows
the details of these consumption advisories. In addition due to tissue concentrations of PCBs in excess of the U.S.
Food and Drug Administration’s standard, the Wisconsin Division of Health has issued a do not eat consumption
advisory for black ducks, mallard ducks, ruddy ducks, and scaup using the Milwaukee Harbor.

Mercury

Between 1976 and 2002, the WDNR sampled tissue from several species of aquatic organisms for mercury
contamination. The concentration of mercury reported in fish tissue ranged between 0.03 micrograms mercury per
gram tissue («g Hg per g tissue) and 1.40 g Hg per g tissue. Tissue concentrations of mercury in fish collected
from the Kinnickinnic River and Menomonee River watersheds were generally below 0.05 ug Hg per g tissue. No
apparent trends were detected in tissue concentrations from these watersheds. Tissue concentrations of mercury in
fish collected from the Milwaukee River watershed ranged between 0.05 xg Hg per g tissue and 0.36 g Hg per g
tissue. No apparent trends were detected in tissue concentrations from this watershed. It is important to note that
Mauthe Lake in the Milwaukee River watershed is subject to a special fish consumption advisory due to high
tissue concentrations of mercury detected in fish from this Lake (Table 39). Few data were available from the Oak
Creek watershed. The tissue concentration of mercury in two fish collected from this watershed was 0.38 ug Hg
per g tissue. Tissue concentrations of mercury in fish collected from the Root River watershed ranged between
0.03 ug Hg per g tissue and 1.40 ug Hg per g tissue. Tissue concentrations of mercury in fish collected from the
Milwaukee Harbor ranged between 0.11 ug Hg per g tissue and 0.28 ug Hg per g tissue. While no data were
available for the nearshore Lake Michigan area, the Lake Michigan Mass Balance Study found that tissue
concentrations of mercury in adult lake trout collected from Lake Michigan ranged between 0.019 g Hg per g
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Table 39

FISH CONSUMPTION ADVISORIES FOR THE GREATER MILWAUKEE WATERSHEDS®

Consumption Advisory Level

Less than 22 inches

Less than 22 inches
Less than 23 inches
Larger than 22 inches

One Meal One Meal One Meal per
Species per Week per Month Two Months Do Not Eat
Cedar Creek
All Species .......cccocveveviieeene -- -- -- All sizes
Jackson Park Pond
Black Crappie........ccccocvennene -- -- All sizes --
Bluegill ......cooeeiiiiiiiiee. -- -- All sizes --
CarP eeeeiieeeeeee e -- -- All sizes --
Largemouth Bass.................. -- -- All sizes --
Pumpkinseed ...........ccccocveee. -- -- All sizes --
Lake Michigan and Its Tributaries
Up to First DamP
-- All sizes -- --
-- Less than 32 inches Larger than 32 inches --
-- All sizes -- --

Larger than 22 inches
23-27 inches

Larger than 27 inches

Brown Trout .........ccccceeeeennnn.
Carp
Chinook Salmon...................
Coho Salmon .........ccceeeens
Lake Trout
Northern Pike
Rainbow Trout............cccuvveee..
Redhorse .......ccocovveveeeeiiiinnn.
ROCK BaSS......ccccvvveeivrreenennnn.
Smallmouth Bass.................
walleye ........ccooevvienecincennn.
White Sucker.........cccceeevveeenne
Yellow Perch.........ccccvvveeenn.

Less than 22 inches

Less than 22 inches
Less than 32 inches
All sizes
Less than 23 inches

Larger than 22 inches
All sizes
All sizes

Less than 18 inches

All sizes -- -- --
Whitefish ........cccooiiininne -- All sizes -- --
Yellow Perch......ccccceeviieennee All sizes -- -- --
Mauthe Lake
Yellow Perch.........cccocevvunae. -- All sizes® -- All sizes®
Milwaukee River from the City of
Grafton Downstream to
Estabrook Falls
Black Crappie......c.cccoceeviuneenn. -- All sizes -- --
Brown Trout .........ccceeevviinnnnns -- Less than 22 inches Larger than 22 inches --
CarP .oeeeiiieeceee e -- -- -- All sizes
Chinook Salmon... -- Less than 32 inches Larger than 32 inches --
Coho Salmon ........ccccccveeeneee. -- All sizes -- --
Lake Trout........ccceeevieeeennnnn. -- Less than 23 inches 23-27 inches Larger than 27 inches
Largemouth Bass. -- All sizes -- --
Northern Pike .........ccoceveneee. -- -- All sizes --
Rainbow Trout............cccceeee. Less than 22 inches Larger than 22 inches -- --
Redhorse -- All sizes -- --
Rock Bass -- All sizes -- --
Smallmouth Bass.................. -- All sizes -- --
Milwaukee River from Estabrook
Falls to the Estuary
Black Crappi€........cccocevveuvnnn. -- -- All sizes --

Larger than 22 inches

Larger than 32 inches
23-27 inches
All sizes
All sizes
Larger than 18 inches
All sizes

All sizes

Larger than 27 inches

Root River from the Horlick Dam

Downstream to the Mouth
CarP coeeeiieeeeee e
Chinook Salmon....................
Coho Salmon ........c.ccccvveeneee.
Brown Trout .........ccccceeeeennnnne
Lake Trout.......cccceeeeeeeiinnnnnns
Rainbow Trout.........ccccceeuvee.

Less than 22 inches

Less than 32 inches
All sizes

Less than 22 inches

Less than 23 inches

Larger than 22 inches

Larger than 32 inches

Larger than 22 inches
23-27 inches

All sizes

Larger than 27 inches
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Table 39 Footnotes

aThe statewide general fish consumption advisory applies to fish species not listed in this table.
BThis includes the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek.

CThis advisory is for women of childbearing age and children under 15. Women beyond their childbearing age and men are advised to eat no
more than one meal per week.

dThis includes the Kinnickinnic and Menomonee Rivers and Lincoln Creek.

Source: Wisconsin Department of Natural Resources.

tissue and 0.396 ug Hg per g tissue.®® This study also found that tissue concentrations of mercury in adult coho
salmon collected from Lake Michigan ranged between 0.023 x«g Hg per g tissue and 0.127 ug Hg per g tissue.

It is important to recognize that the number of individual organisms and the range of species taken from these
watersheds that have been screened for the presence of mercury contamination are quite small. Because of this,
these data may not be completely representative of body burdens of mercury carried by aquatic organisms in the
greater Milwaukee watersheds.

PCBs

Between 1977 and 2002, the WDNR sampled tissue from several species of aquatic organisms for PCB
contamination. High tissue concentrations of PCBs were found in several species, especially carp, in samples
collected from the Kinnickinnic and Menomonee River watersheds. High tissue concentrations of PCBs were
found in several species of fish collected from the Milwaukee River watershed, especially from sites along the
mainstem of the Milwaukee River downstream from the Village of Grafton, Cedar Creek, Lincoln Creek, Jackson
Park Pond, and Zeunert Pond. Tissue concentrations in fish collected from sites along the mainstem of the
Milwaukee River above Grafton and from sites along several upstream tributaries were lower. High tissue
concentrations of PCBs were also detected in several species of fish collected from the Root River, especially
from sites below the Horlick dam. While no data were available on tissue concentrations of PCBs in organisms
collected from sites in the Milwaukee outer harbor or nearshore Lake Michigan area, data were available for Lake
Michigan as a whole. The Lake Michigan Mass Balance study found high tissue concentrations in both forage fish
and piscivorous fish collected from the Lake.>

Comparisons of tissue concentrations of PCBs in recent samples to concentrations in samples from the 1970s
suggest that at some locations, including Lake Michigan, tissue concentrations of PCBs in fish have decreased.
Time comparisons in many of these locations are complicated by the fact that different species were collected on
different dates.

It is important to note that several waterbodies and stream reaches in the greater Milwaukee watersheds are
subject to special fish consumption advisories due to high tissue concentrations of PCBs detected in fish. These
advisories are given in Table 39.

It is important to recognize that the number of individual organisms and the range of species taken from these
watersheds that have been screened for the presence of PCB contamination are quite small. Because of this, these

*8U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Mercury Data
Report, EPA 905 R-01-012, 2004.

9U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Polychlorinated
Biphenyl and Trans-nonachlor Data Report, EPA 905R-01-011, 2004.
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data may not be completely representative of body burdens of PCBs carried by aquatic organisms in the greater
Milwaukee watersheds.

Pesticides

Between 1977 and 2002, the WDNR sampled several species of aquatic organisms from the greater Milwaukee
watersheds for contamination by historically used, bioaccumulative pesticides and their breakdown products.
Many of these compounds are no longer in use. For example, crop uses of most of these compounds were banned
in the United States between 1972 and 1983. While limited uses were allowed after this for some of these
substances, by 1988 the uses of most had been phased out. To some extent, the data on pesticides detected in the
tissue of aquatic organisms reflect these changes in pesticide use.

During the late 1970s and early 1980s, isomers of the insecticide DDT and the DDT breakdown products DDD
and DDE were detected in the tissue of several species of fish collected from the Kinnickinnic, Menomonee,
Milwaukee, and Root Rivers. DDD and DDE were also detected in the tissue of carp collected from Oak Creek.
The insecticide dieldrin and isomers of the insecticide chlordane were detected in tissue of fish collected from the
Kinnickinnic, Menomonee, Milwaukee, and Root Rivers. Several other pesticides, including aldrin,
hexachlorobenzene, and methoxychlor, were detected in the tissue of fish collected from some locations in the
greater Milwaukee watersheds.

Since the mid 1980s and early 1990s, concentrations of DDT isomers in fish tissue in samples collected from the
Menomonee River and Milwaukee River and Oak Creek have been below the limit of detection. DDT has been
detected in fish tissue in samples collected from the Root River, Oak Creek Parkway Pond, and some tributaries
from the Milwaukee River. While DDD and DDE were still detected in fish tissue at most locations that were
sampled, concentrations found in some streams were lower than those detected during the late 1970s and early
1980s. Concentrations of dieldrin in fish tissue were below the limit of detection in many streams, though
measurable concentrations were still being detected in some fish collected from the Root River. Concentrations of
chlordane isomers in fish tissue were below the limit of detection in many streams, though measurable
concentrations were still being detected in some fish collected from Cedar Creek and the Root River.

While no data were available on tissue concentrations of pesticides in organisms collected from the outer harbor
or nearshore Lake Michigan area, data were available for one pesticide for Lake Michigan as a whole. These data
give some indication of likely conditions in the nearshore area. The Lake Michigan Mass Balance Study
examined concentrations of the chlordane isomer trans-nonachlor in tissue of phytoplankton, zooplankton, aquatic
invertebrates, and fish collected in the open waters of Lake Michigan.®® This insecticide was detected in tissue
from these organisms. The relative concentrations detected in these groups indicate that trans-nonachlor is being
biomagnified through the Lake Michigan food web.

It is important to recognize that the number of individual organisms and the range of species taken from these
watersheds that have been screened for the presence of pesticide contamination are quite small. Because of this,
these data may not be completely representative of body burdens of pesticides carried by aquatic organisms in the
greater Milwaukee watersheds.

Toxic Contaminants in Sediment

Since 1973, sediment samples from streams in the greater Milwaukee watersheds have been examined for the
presence and concentrations of toxic substances on several occasions. Toxicants that have been sampled for
include metals, PAHs, PCBs, and pesticides. Most of the sites sampled in the Kinnickinnic River watershed are
from the mainstem of the Kinnickinnic River within the estuary. Most of the sites sampled in the Menomonee
River watershed are from the Little Menomonee River and are related to the Moss-American USEPA Superfund
site. A variety of sites were sampled in the Milwaukee River watershed. Sampling has been especially intensive
along Cedar Creek and Lincoln Creek, and in Estabrook Impoundment. The sites sampled in the Oak Creek

®9U.S. Environmental Protection Agency, EPA 905R-01-011, op. cit.
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watershed are from the mainstem of Oak Creek and Oak Creek Parkway Pond. The sites sampled in the Root
River watershed include sites along the mainstem of the Root River, Crayfish Creek, Whitnall Park Creek, and an
unnamed tributary to Crayfish Creek. Considerable sampling has been conducted within the Milwaukee River
estuary and outer harbor.

The potential for contaminants present in the sediment at particular sites to create biological impacts was
evaluated based upon proposed consensus-based sediment quality guidelines developed by the WDNR.®* These
guidelines apply average effect-level concentrations from several guidelines of similar intent and are used to
predict the presence or absence of toxicity. Three criteria based on likely effects to benthic-dwelling organisms
are proposed: threshold effect concentration (TEC), probable effect concentration (PEC), and midpoint effect
concentration (MEC). TECs indicate contaminant concentrations below which adverse effects to benthic
organisms are considered to be unlikely. PECs indicate contaminant concentrations at which adverse effects to the
benthic organisms are highly probable or will be frequently seen. MECs are derived from TEC and PEC values
for the purpose of interpreting the effects of contaminant concentrations that fall between the TEC and the PEC.
The WDNR recommends that their criteria be used to establish levels of concern for prioritizing sites for
additional study.®® The threshold, midpoint, and probable effect concentrations for metals and for nonpolar
organic compounds are presented in Chapter 111 of SEWRPC Technical Report No. 39.

The probable effect concentrations can also be used to derive mean PEC quotients (mean PEC-Q) for evaluating
the toxicity of mixtures of contaminants in sediment to benthic organisms. This normalizes the value to provide
comparable indices of contamination among samples for which different numbers of contaminants were analyzed.
Results of evaluation of this method show that mean PEC quotients that represent mixtures of contaminants are
highly correlated with incidences of toxicity to benthic organisms in the same sediments. The reliability of
predictions of toxicity is greatest for mean PEC quotients calculated from total PAHSs, total PCBs, and the metals
arsenic, cadmium, chromium, copper, lead, nickel, and zinc.

Several toxic metals have been detected in sediment samples collected in the greater Milwaukee watersheds.
Detectable concentrations of arsenic, cadmium, copper, lead, and zinc have been frequently reported in sediment
samples collected from most of the watersheds and the estuary and outer harbor. Chromium, iron, mercury, and
nickel have also been detected in sediment samples from several watersheds. The mean concentrations of
cadmium, chromium, copper, lead, mercury, and zinc reported for the watersheds in which they have been
detected are generally above their respective TECs indicating that these toxicants are likely to be producing some
level of toxic effect in benthic organisms. In some watersheds, concentrations of cadmium, copper, lead, and zinc
are also above their respective PECs, suggesting that toxic effects to benthic organisms are highly probable.

The amount of organic carbon in sediment can exert considerable influence on the toxicity of nonpolar organic
compounds such as PAHs, PCBs, and certain pesticides to benthic organisms. While the biological responses of
benthic organisms to nonionic organic compounds has been found to differ across sediments when the
concentrations are expressed on a dry weight basis, they have been found to be similar when the concentrations

®lwisconsin Department of Natural Resources, Consensus-Based Sediment Quality Guidelines: Recom-
mendations for Use and Application—Interim Guidance, WT-732 2003, December 2003.

®2)t is important to note that these guidelines estimate only the effects of contaminants on benthic macro-
invertebrate species. Where noncarcinogenic and nonbioaccumulative compounds are concerned, these
guidelines should be protective of human health and wildlife concerns. For bioaccumulative compounds,
considerations of the protection of human health or wildlife may necessitate the use of more restrictive
concentration levels.
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have been normalized to a standard percentage of organic carbon.®® Because of this, the concentrations of PAHS,
PCBs, and pesticides were normalized to 1 percent organic carbon prior to analysis.

Concentrations of PAHSs in sediment samples ranged from below the limit of detection to 11,424,000 micrograms
PAH per kilogram sediment (ug PAH/kg sediment). While PAHs were detected in sediment from all of the
watersheds, particularly high concentrations were found in sediment from sites in the Little Menomonee River in
the Menomonee River watershed, the mainstem of the Kinnickinnic River in the estuary, and Estabrook
Impoundment and Lincoln Creek in the Milwaukee River watershed. Concentrations of PAHs exceeded the PEC
for total PAHs at sites along the Little Menomonee River, the Kinnickinnic River, Lincoln Creek, the Root River,
and in the estuary and outer harbor, suggesting that benthic organisms at these sites may be experiencing
substantial incidences of toxic effects. At other sampling locations, concentrations of PAHs were between the
TEC and the PEC, indicating that these toxicants are likely to be producing some level of toxic effect in benthic
organisms.

Concentrations of PCBs in sediment samples ranged from below the limit of detection to 11 million micrograms
PCB per kilogram sediment (ug PCB/kg sediment). While PCBs were detected in sediment from a number of
locations, particularly high concentrations were found in sediment from sites in Cedar Creek and Zeunert Pond in
Cedarburg, Estabrook Impoundment and Lincoln Creek in the Milwaukee River watershed, and the Milwaukee
Harbor estuary. Concentrations of PCBs exceeded the PEC for total PCBs at several sites in the Milwaukee River
watershed, including sites in Cedar Creek, Estabrook Impoundment, and Zeunert Pond, and some sites in the
estuary and outer harbor, suggesting that benthic organisms at these sites may be experiencing substantial
incidences of toxic effects. At other sampling locations, concentrations of PCBs were between the TEC and the
PEC, indicating that these toxicants are likely to be producing some level of toxic effect in benthic organisms.
These sites include many sites in the estuary and outer harbor, a substantial number of sites in the Milwaukee
River watershed, and a few sites in the Root River watershed.

The combined effects of several toxicants in sediment from waterbodies within the greater Milwaukee watersheds
were evaluated by computing mean PEC-Q values as described above and calculating the associated estimated
incidence of toxicity to benthic organisms. In sediment samples from the Kinnickinnic River, the estimated
incidence of toxicity ranged from 25 percent to 100 percent. Estimated incidences of toxicity to benthic organisms
in sediment samples from the Little Menomonee River in the Menomonee River watershed ranged from
25 percent to 100 percent. Along the mainstem of the Milwaukee River, estimated incidences of toxicity ranged
from less than 1 percent to 100 percent. Higher estimated incidences occurred downstream from the confluence
with Cedar Creek, with the highest estimated incidences being found in Estabrook Impoundment. For two
Milwaukee River tributaries, Cedar Creek and Lincoln Creek, the ranges of the estimated incidences of toxicity
were 9 percent to 100 percent and 20 percent to 100 percent, respectively. Estimated incidences of toxicity to
benthic organisms in Oak Creek and its tributaries the North Branch of Oak Creek and the Mitchell Field
Drainage Ditch ranged between 17 percent and 58 percent. The estimated incidences of toxicity to benthic
organisms from sediment samples in the Root River ranged between 8 percent and 67 percent. Higher estimated
incidences were found at sites near the confluence with Lake Michigan. Sampling of Crayfish Creek, Whitnall
Park Creek, and an unnamed tributary in the Crayfish Creek subwatershed suggest that benthic organisms in these
streams are experiencing similar incidences of toxicity, with estimated incidences ranging between 20 and
72 percent. Estimated incidences of toxicity to benthic organisms in the Milwaukee harbor estuary ranged
between 2 percent and 94 percent. The highest estimated incidences of toxicity occurred in the Kinnickinnic River
portion of the estuary. The estimated incidences of toxicity were lower in the outer harbor, ranging between
2 percent and 62 percent.

83U.S. Environmental Protection Agency, Technical Basis for the Derivation of Equilibrium Partitioning Sediment
Guidelines (ESGs) for the Protection of Benthic Organisms: Nonionic Organics, USEPA Office of Science and
Technology, Washington, D.C., 2000.
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BIOLOGICAL CONDITIONS OF THE GREATER MILWAUKEE WATERSHEDS

Aquatic and terrestrial wildlife communities have educational and aesthetic values, perform important functions
in the ecological system, and are the basis for certain recreational activities. The location, extent, and quality of
fishery and wildlife areas and the type of fish and wildlife characteristic of those areas are, therefore, important
determinants of the overall quality of the environment in the greater Milwaukee watersheds.

Streams and Rivers

Review of fishery data collected in the greater Milwaukee watersheds since the beginning of the twentieth century
show apparent net losses of species in the Kinnickinnic River, Milwaukee River, and Oak Creek watersheds, no
apparent net loss in the Root River watershed, and an apparent net gain in the Menomonee River watershed.
Some, though not all, of these apparent changes appear to be due to decreased sampling effort.

Historically, low numbers of fish species were detected in samples from the Kinnickinnic River and Oak Creek
watersheds, with 24 species having been reported in the Kinnickinnic River watershed and 29 species having been
reported in the Oak Creek watershed over the past century. Current species diversity remains low in these
watersheds. During the period 1998-2004, only one species was reported as being present in samples collected
from the Kinnickinnic River and its tributaries and 20 species were reported as being present in samples collected
from Oak Creek and its tributaries. It is important to note that during the period 1998-2004, only one sample was
collected from the Kinnickinnic River. It is likely that a greater sampling effort would have resulted in the
detection of more species. For the Kinnickinnic River watershed, this total represents a decrease from the number
of species collected during 1994-1997. For the Oak Creek watershed, this total represents an increase from the
number detected during 1994-1997.

By contrast, higher numbers of fish species were historically detected in the Milwaukee River and Root River
watersheds, with 81 species having been reported in the Milwaukee River watershed and 64 species having been
reported in the Root River watershed over the past century. Current species diversity is also higher in these
watersheds. During the period 1998-2004, 63 species were reported as being present in samples collected from
Milwaukee River and its tributaries and 46 species were reported as being present in samples collected from the
Root River and its tributaries. For both these watersheds, these totals represent increases from the numbers
detected during 1994-1997.

Historically, an intermediate number of fish species was detected in the Menomonee River watershed, with
46 species having been reported as being present in samples collected over the last century. During the period
1998-2004, 31 species were reported in this watershed. This total represents an increase over the number of
species detected during 1994-1997.

In each watershed, the composition of the fish community appears to be changing.

. In the Kinnickinnic River watershed, four species have not been observed since 1986.
. In the Menomonee River watershed, three species have not been observed since 1986.
. In the Milwaukee River watershed, 12 species have not been observed since 1986.

. In the Oak Creek watershed, seven species have not been observed since 1986.

. In the Root River watershed, 10 species have not been observed since 1986.

There have also been new fish species observations in recent years in most of the watersheds. Since 1986, 10 new
species have been observed in the Menomonee River watershed, two new species have been observed in the
Milwaukee River watershed, seven new species have been observed in the Oak Creek watershed, and 10 new
species have been observed in the Root River watershed. In the Oak Creek and Root River watersheds, some of
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the new observations have occurred in reaches of the mainstems between the confluence with Lake Michigan and
the first dam, suggesting that some of these observations reflect the influence of Lake Michigan’s fish community
on the fish communities in the lower reaches of these Rivers.

Most of the streams of the greater Milwaukee watersheds are warmwater streams; however, some coldwater
streams are present, mostly in upstream areas of the Milwaukee River watershed. In Wisconsin, high-quality
warmwater streams are characterized by many native species, darters, suckers, sunfish, and intolerant species
(species that are particularly sensitive to water pollution and habitat degradation). Within such environments,
tolerant fish species also occur that are capable of persisting under a wide range of degraded conditions and are
also typically present within high-quality warmwater streams, but they do not dominate.

In contrast to warmwater streams, coldwater systems are characterized by a smaller number of species, with
salmonids (trout) and cottids (sculpin) dominating, and they lack many of the taxonomic groups that are important
in high-quality warmwater streams. An increase in fish species richness in coldwater fish assemblages often
indicates environmental degradation. When degradation occurs, the small number of coldwater species is replaced
by a larger number of more physiologically tolerant cool and warmwater species, which is the opposite of what
tends to occur in warmwater fish assemblages.

Figure 44 shows the number of fish species by tolerance class in each of the watersheds of the study area. All of
the watersheds contain high proportions of species that are tolerant of low dissolved oxygen conditions. These
tolerant species tend to be present at high prevalence in the fish communities in the Kinnickinnic River,
Menomonee River, and Oak Creek watersheds. Low numbers of native species and species that are intolerant of
low dissolved oxygen conditions are also present in these watersheds. This is indicative of a poor-quality fishery.
The proportion of tolerant species has increased in many parts of the study area. For example, the proportion of
tolerant fish collected from the Menomonee River watershed represented by common carp increased from about
2 percent in 1975, to 40 percent in 2004. Carp are likely to be having a negative effect on the fisheries in many
stream reaches by destroying habitat and competing for food and spawning areas of native fish species.

Because of its size, the situation is more complicated in the Milwaukee River watershed. Some stream reaches in
this watershed are dominated by low dissolved oxygen tolerant fish, especially in the North Branch Milwaukee
River, Lincoln Creek, and Lower Milwaukee River subwatersheds. Other stream reaches sustain good proportions
of top carnivore species and good balances of predatory fishes to forage fishes, indicating a high-quality fishery.
Although the fisheries in portions of the watershed are high quality, most notably in the northern part of the
watershed and in the portions of the mainstem that is directly connected to Lake Michigan, there are many areas
where the fishery quality is poor to fair or where the quality of the fishery has declined.

The apparent stagnation of the fishery communities within much of the greater Milwaukee watersheds can be
attributed to habitat loss and degradation as a consequence of human activities primarily related to the historic and
current agricultural and urban land use development that has occurred within this the watershed. Agricultural
and/or urban development can cause numerous changes to streams that have the potential to alter aquatic
biodiversity that include but are not limited to the following factors which have been observed to varying degrees
in the greater Milwaukee watersheds:®*

. Increased flow volumes and channel-forming storms—These alter habitat complexity, change
availability of food organisms related to timing of emergence and recovery after disturbance, reduce
prey availability, increase scour related mortality, deplete large woody debris for cover in the channel,
and accelerate streambank erosion;

®Center for Watershed Protection, Impacts of Impervious Cover on Aquatic Systems, Watershed Protection
Research Monograph No. 1, March 2003.
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Figure 44

NUMBER OF FISH SPECIES BY TOLERANCE CLASS IN THE GREATER MILWAUKEE WATERSHEDS: 1998-2004
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Decreased base flows—These lead to increased crowding and competition for food and space,
increased vulnerability to predation, decreased in habitat quality, and increased sediment deposition;

Increased sediment load from cultivated agricultural lands and urban lands during and after
construction of urban facilities, resulting in sediment transport and deposition in streams—This leads
to reduced survival of eggs, loss of habitat due to deposition, siltation of pool areas, and reduced
macroinvertebrate reproduction;

Loss of pools and riffles—This leads to a loss of deep water cover and feeding areas causing a shift in
the balance of species due to habitat changes;

Changed substrate composition—This leads to reduced survival of eggs, loss of inter-gravel cover
refuges for early life stages for fishes, and reduced macroinvertebrate production;

Loss of large woody debris—This leads to loss of cover from large predators and high flows, reduced
sediment and organic matter storage, reduced pool formation, and reduced organic substrate for
macroinvertebrates;

Increased temperatures due to loss of riparian buffers as well as runoff from pavement—This leads to
changes in migration patterns, increased metabolic activity, increased disease and parasite
susceptibility, and increased mortality of sensitive fishes and macroinvertebrates;

Creation of fish blockages by road crossings, culverts, drop structures, and dams—This leads to loss
of spawning habitat, inability to reach feeding areas and/or overwintering sites, loss of summer
rearing habitat, and increased vulnerability to predation;



° Loss of vegetative rooting systems—This leads to decreased channel stability, loss of undercut banks,
and reduced streambank integrity;

o Channel straightening or hardening—This leads to increased stream scour and loss of habitat quality
and complexity (i.e. width, depth, velocity, and substrate diversity) through disruption of sediment
transport ability;

° Reduced water quality—This leads to reduced survival of eggs and juvenile fishes, acute and chronic
toxicity to juveniles and adult fishes, and increased physiological stress;

. Increased turbidity—This leads to reduced survival of eggs, reduced plant productivity, and increased
physiological stress on aquatic organisms;

. Increased algae blooms due to increased nutrient loading—Chronic algae blooms, resulting from
increased nutrient loading, lead to oxygen depletion, causing fish Kills, and to increased eutro-
phication of standing waters. These effects can be worsened through encroachment into the riparian
buffer adjacent to the waterbody and loss of riparian canopy which increases light penetration.

Chapter 11 of SEWRPC Technical Report No. 39 includes a description of the correlation between urbanization in
a watershed and the quality of the aquatic biological resources. The amount of imperviousness in a watershed that
is directly connected to the stormwater drainage system can be used as a surrogate for the combined impacts of
urbanization in the absence of mitigation. The overall percentages of urban land in the watersheds in 2000 ranged
from about 21 percent in the Milwaukee River watershed to about 93 percent in the Kinnickinnic River
watershed, corresponding to levels of imperviousness that range between 5 percent and 40 percent. Some portions
of the study area have even higher percentages of imperviousness, with the amounts in the lower reaches of the
Milwaukee River, for example approaching 50 to 60 percent. Many areas have levels of imperviousness above the
threshold level of 10 percent at which previously cited studies indicate that negative biological impacts have been
observed. The Milwaukee River, Root River and Oak Creek watersheds still have high proportions of agricultural
land use. Based upon the amounts of agricultural and urban lands in these watersheds and, in the past, a lack of
measures to mitigate the adverse effects of those land uses, it is not surprising that indices of fish community
quality in many areas of these watersheds indicate poor to fair quality fisheries.®®

Habitat data for sites in the greater Milwaukee watersheds have been collected as part of the WDNR baseline
monitoring program and by the WDNR Fish and Habitat Research Section in the Milwaukee River watershed.
The baseline monitoring program data were analyzed using the Qualitative Habitat Evaluation Index (QHEI),%®
which integrates the physical parameters of the stream and adjacent riparian features to assess potential habitat
quality. This index is designed to provide a measure of habitat that generally corresponds to those physical factors
that affect fish communities and which are important to other aquatic life (i.e. macroinvertebrates). This index has
been shown to correlate well with fishery IBI scores, which measure fish community quality. The habitat data
from the WDNR Research Section evaluated the quality of fish habitat at sites based upon the guidelines

®The standards and requirements of Chapter NR 151, “Runoff Management,” and Chapter NR 216, “Storm
Water Discharge Permits,” of the Wisconsin Administrative Code are intended to mitigate the impacts of existing
and new urban development and agricultural activities on surface water resources through control of peak flows
in the channel-forming range, promotion of increased baseflow through infiltration of stormwater runoff, and
reduction in sediment loads to streams and lakes. The implementation of those rules is intended to mitigate, or
improve, water quality and instream/inlake habitat conditions.

®Edward T. Rankin, The Quality Habitat Evaluation Index [QHEI]: Rationale, Methods, and Application, State
of Ohio Environmental Protection Agency, November 1989.
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developed from several publications.®” Based on limited habitat data, habitat conditions in the Kinnickinnic River
watershed have generally been described as being degraded due, in large part, to more than 60 percent of the
entire river network either being comprised of enclosed conduit or concrete-lined channel. A small data set
suggests that habitat conditions in the Menomonee River watershed are fair to good. Based upon the data
collected, the results suggest that fisheries habitat is generally fair to good throughout the Milwaukee River
watershed. Limited data suggest habitat conditions in the Oak Creek watershed are poor to fair. Limited data
suggest habitat conditions in the Root River watershed may be fair to good. It is important to note that many of
the streams have been channelized within the greater Milwaukee watersheds. Such channelization impacts habitat
quality by reducing instream and riparian vegetation cover, increasing sedimentation, decreasing diversity of
flow, decreasing water depths, and decreasing substrate diversity, among others.

Despite the habitat classification of fair to good, the WDNR has recently concluded that instream habitat is
impaired in many stream reaches in the greater Milwaukee watersheds, primarily due to the impacts of hydrologic
modification, streamflow fluctuations caused by unnatural conditions, stream bank erosion, urban storm water
runoff, cropland erosion, and roadside erosion emanating from both agricultural and urban land use areas of this
watershed.®

The Hilsenhoff Biotic Index®® (HBI) and percent EPT (percent of families comprised of Ephemeroptera,
Plecoptera, and Trichoptera) were used to classify the historic and existing macroinvertebrate and environmental
guality in this stream system using survey data from various sampling locations in the greater Milwaukee
watersheds. The macroinvertebrate communities in the Kinnickinnic River, Oak Creek, and Root River
watersheds were found to be depauperate and dominated by tolerant taxa. The macroinvertebrate communities in
the Menomonee River watershed were found to have improved substantially since 1993, especially in the Lower
Milwaukee River subwatershed. Results from the Milwaukee River watershed show that current
macroinvertebrate diversity and abundances are indicative of fair to good-very good water quality. They also
indicate long-term improvement in the abundance and diversity of macroinvertebrates.

Lakes and Ponds

There are 20 major lakes (i.e. lakes greater than 50 acres in size) within the greater Milwaukee watersheds. All of
them are located within the Milwaukee River watershed. In addition, there are more than 130 lakes and ponds of
less than 50 acres in size in the greater Milwaukee watersheds. The lakes and ponds in the study area are listed in
Table 35.

The last recorded fishery surveys for many of the lakes and ponds were completed in the late 1970s and early
1980s. The surveys indicate that that these waterbodies contained a typical urban fish species mixture mostly
dominated by tolerant species of green sunfish, black bullhead, carp, and white sucker. However, largemouth
bass, northern pike, and yellow perch were also found in several of these waterbodies. Information from WDNR
staff indicates that many of the lakes and ponds listed in Table 35 provide various recreational fishing
opportunities for gamefish and/or panfish species; however, some of these waterbodies are stocked to supplement
these fisheries.

67Timothy Simonson, John Lyons, and Paul Kanehl, “Guidelines for Evaluating Fish Habitat in Wisconsin
Streams,” General Technical Report NC-164, 1995; and Lihzu Wang, “Development and Evaluation of a Habitat
Rating System for Low-Gradient Wisconsin Streams,” North American Journal of Fisheries Management,
Volume 18, 1998.

8\Wisconsin Department of Natural Resources, The State of the Milwaukee River Basin, WT-704-2001, August
2001; Wisconsin Department of Natural Resources, The State of the Root-Pike River Basin, WT-700-2002,
May 2002.

®William L. Hilsenhoff, “Using a Biotic Index to Evaluate Water Quality in Streams,” Wisconsin Department of
Natural Resource Technical Bulletin No. 132, 1982.
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More-recent comprehensive fisheries surveys have been completed by the WDNR for Erler, Little Cedar, Long
(Fond du Lac County), and Random Lakes.”® In 2003, a fish community survey of Erler Lake found 11 fish
species including bluegills, carp, largemouth bass, and yellow perch. More restrictive fishing regulations on
panfish and bass were proposed for this lake to protect the populations from collapse when public access is
developed. A fish community survey conducted in Little Cedar Lake during 1999 found that fish habitat
conditions in this lake were good to very good. The species found in this lake included bluegills, bluntnose
minnows, crappies, largemouth bass, northern pike, and yellow perch. While some populations, such as those of
bluegills and northern pike consisted mostly of small individuals, other populations, such as largemouth bass had
good size structure. A comprehensive fish community survey of Long Lake in eastern Fond du Lac County
conducted during 2004 found 15 native species of fish, including bluegill, northern pike, walleye, yellow
bullhead, and yellow perch. The Long Lake largemouth bass population was in exceptional condition and was
likely the best overall population in Fond du Lac and surrounding counties. An electrofishing survey of the
shoreline of Random Lake conducted during the fall of 2004 found several species, including black crappies,
bluegills, largemouth bass, muskellunge, walleye, and yellow perch. While panfish were abundant, they were
generally small in size and appeared to be growing slowly. By contrast, the walleye in the lake were generally
plump, an indication that they were feeding well.

Exotic invasive species have been recorded in several of the lakes and ponds within the greater Milwaukee
watersheds. Carp are found in Barton Pond, Big Cedar Lake, Birchwood Lake, Crooked Lake, Dineen Park Pond,
Estabrook Park Pond, Forest Lake, Gilbert Lake, Green Lake, Grafton Millpond, Hasmer Lake, Kettle Moraine
Lake, Kewaskum Millpond, Lake Bernice, Lake Ellen, Long Lake (Fond du Lac County), Mauthe Lake,
McGovern Park Pond, Random Lake, Root River Parkway Pond, Smith Lake, Thiensville Millpond, Tily Lake,
West Bend Pond, and Whitnall Park Pond. Zebra mussels have been recorded in Auburn Lake, Big Cedar Lake,
Lake Ellen, Little Cedar Lake, Long Lake (Fond du Lac County), Mauthe Lake, and Quarry Lake. While data on
aquatic plant communities are limited, Eurasian water milfoil is known to exist in Beechwood Lake, Big Cedar
Lake, Crooked Lake, Erler Lake, Estabrook Park Pond, Forest Lake, Gilbert Lake, Green Lake, Juneau Park
Lagoon, Kettle Moraine Lake, Little Cedar Lake, Long Lake (Fond du Lac County), Lower Kelly Lake, Lucas
Lake, Mauthe Lake, Pit Lake, Random Lake, Scout Lake, Silver Lake, and Upper Kelly Lake. Curly-leaf
pondweed is known to exist in each of the Counties within the greater Milwaukee watersheds.

Twenty-three lakes and ponds in the greater Milwaukee watersheds are enrolled in the Wisconsin Department of
Natural Resources Urban Fishing Program in partnership with local counties and municipalities. That program
was initiated in 1983 for the metropolitan Milwaukee area and is still active today. The program provides fishing
in urban ponds for anglers who do not have opportunities to leave the urban environment. The program stocks
rainbow trout and other species to provide seasonal and year-round fishing.

Lake Michigan
Biological conditions in the estuary, outer harbor and nearshore areas are strongly linked to the conditions in Lake
Michigan.

Lake Michigan Fishery

Lake Michigan has undergone well-documented, significant changes in its fishery since the 1880s.”* These
changes have been linked to various factors that include eutrophication, fishery exploitation, and the invasions of
exotic or nonnative species among several trophic levels of fishes, mussels, plankton, and aquatic plants.

John Nelson, Senior Fisheries Biologist, Wisconsin Department of Natural Resources, Long Lake Compre-
hensive Fish Community Survey, Fond du Lac County, 2004; Random Lake Electrofishing Report, 2004; Compre-
hensive Fish Community Survey, Little Cedar Lake, Washington County, 1999, and; Erler Lake Fish Community
Survey, Washington County, 2003.

1 Wells and A.L. McClain, Lake Michigan: Effects of Exploitation, Introductions, and Eutrophication on the
Salmonid Community, Journal of the Fisheries and Natural Resources Board of Canada, Volume 34, 1972; L.
Wells and A.L. McClain, Lake Michigan-Man’s Effect on Native Fish Stocks and Other Biota, Great Lakes

(Footnote Continued on Next Page)
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Most recently, there are several major trends throughout Lake Michigan that are important to note in order to
understand the context of the estuary and nearshore fisheries. The findings summarized below are based upon
some of the recent major studies and stock assessment activities carried out by the WDNR on Lake Michigan.”

While sport harvests of chinook salmon have been good in recent years, size-at-age of these fish has continued to
decline. In response to this, lakewide chinook stocking levels were reduced by 25 percent in 2006. As of 2005, the
yellow perch population in southern Lake Michigan was still dominated by the 1998 year class. The sport harvest
of this year class is decreasing. Effective May 2002, the sport fishery for Lake Michigan yellow perch was closed
between May 1 and June 15 to reduce fishing impacts on spawning stocks. While the reported commercial harvest
of lake whitefish from Wisconsin waters of Lake Michigan has increased slightly, the size-at-age of these fish has
continued to decrease. This may be related to lakewide declines in the abundance of the amphipod Diporeia and
increases in the abundance of quagga mussels, which form the major food source and major competitor for the
food source respectively.

Nuisance Algae (Cladophora) in Lake Michigan

In recent years large quantities of decaying algae, mostly from the genus Cladophora, have been fouling
Wisconsin’s Lake Michigan shoreline. As the bacteria and organisms trapped in the alga rot, they generate a
pungent septic odor that many people confuse with sewage. While the presence of rotting Cladophora on Lake
Michigan beaches does not present a risk to human health, the rotting algal mats may provide adequate conditions
for bacterial growth, and microcrustaceans deposited on the beach with the decaying Cladophora may attract
large flocks of gulls resulting in increased bacteria concentrations from gull fecal material.

Cladophora is found naturally along the Great Lakes coastlines. It grows on submerged rocks, logs or other hard
surfaces. Because of Lake Michigan’s water clarity it has been observed growing at depths below 30 feet. Wind
and wave action cause the algae to break free from the lake bottom and wash up on shore. Nuisance levels of
Cladophora were previously a problem during the mid-1950s and during the 1960s and 1970s. The causes of the
Cladophora resurgence in the Great Lakes are not known for certain, but probably include changes in water
clarity and changes in phosphorus availability related to the presence of zebra mussels and quagga mussels in the
nearshore area.

Declines in Lake Michigan Diporeia

Populations of shrimp-like organisms called amphipods (i.e., Diporeia) that are normally found in bottom mud of
the Great Lakes are declining in southern Lake Michigan. During the 1980s researchers at the NOAA Great Lakes
Environmental Research Laboratory in Ann Arbor, Michigan were able to collect up to 20,000 amphipods per
square meter of Lake Michigan bottom. Data collected in the early 1990s indicated that, in the far southern end of
the lake, amphipod populations had declined by 60 to 90 percent. Since then, the average abundance of Diporeia
dropped from about 5,200 per square meter in 1994 and 1995 to about 1,800 per square meter by 2000. The
average abundance in 2005 was only 300 per square meter. Diporeia has declined in deeper waters, and the areas
of the Lake with no Diporeia have expanded greatly. Since amphipods normally make up to 70 percent of the
living biomass in a given area of a healthy lake bottom and have high food value to fish, their decline in Lake
Michigan may impact a variety of fish species that depend heavily on them for food.

Milwaukee Harbor Estuary and Nearshore Lake Michigan Fisheries

The Lower Milwaukee River and Milwaukee Harbor estuary habitat and water quality have been heavily altered
due to damming, channelization, streambank modification by installation of riprap and sheet piling, and urban
stormwater discharges. The International Joint Commission (1JC) identified the Milwaukee Harbor estuary as one

(Footnote Continued from Previous Page)
Fishery Commission Technical Report No. 20, 1973; Charles P. Madenjian and others, Dynamics of the Lake
Michigan Food Web: 1970-2000, Canadian Journal of Fisheries and Aquatic Sciences, Volume 59, 2002.

"2pdditional information on the Lake Michigan fishery can be obtained from the WDNR Lake Michigan web page
at http://dnr.wi.gov/org/water/fhp/fish/lakemich/index.htm.
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of 43 Areas of Concern (AOC) requiring clean up of toxic wastes and remedial action.”® While the beneficial use
impairments identified in the Milwaukee Harbor estuary AOC are the result of many causes, many are related, at
least in part, to the presence of toxic substances in water, sediment, and the tissue of organisms. It is also
important to note that the habitat in the lower reaches of each of the watersheds draining into the Milwaukee
Harbor estuary is typical of that found in a highly urbanized environment, with extensive channelization and
placement of sheet piling for bank stabilization. More natural habitat can be generally found in upstream areas of
each of the major rivers.

Despite extensive habitat, water quality, and toxicity impacts, the Milwaukee Harbor estuary contains a fairly
high abundance and diversity of fish species. The quality of the fishery in the Milwaukee Harbor estuary is largely
dependent upon the influx of fishes from the higher-quality waters in the upstream areas of the Menomonee,
Kinnickinnic, and Milwaukee Rivers that have been documented to support a full range of fish and aquatic life,
influx of fishes from Lake Michigan, and continued habitat improvement and species restoration projects

The 1997 removal of the 150-year-old North Avenue dam on the Milwaukee River 3.2 miles upstream from the
confluence with Lake Michigan reconnected the Milwaukee Harbor estuary with the Milwaukee River system.
With the removal of the dam, improvements in wastewater treatment, and abatement of combined sewer
overflows, riverine conditions quickly began to reestablish in the formerly impounded area. The removal of the
dam not only provided an opportunity for migratory fish species to move further upstream, but also opened up
opportunities for the rehabilitation of some of the native species that were extirpated or reduced to remnant
populations. Many habitat improvement measures have been implemented including streambank stabilization,
revegetation of mud flats, and reestablishment of meanders within the former impounded area. As a result of these
efforts, several miles of stream channel were made available to migratory as well as resident species whose
movements were restricted prior to dam removal. This increase in migration along with the improvements in
water quality and habitat allowed WDNR staff to initiate native walleye and lake sturgeon restoration projects in
the Lower Milwaukee River and the Milwaukee Harbor estuary. For example, since 1995, approximately 10,000
extended growth walleye fingerlings have been stocked annually into the Lower Milwaukee River downstream of
the former North Avenue dam. These fishes are reported to be surviving and growing well, supporting a limited
nearshore fishery. Mature and spent walleye were recorded during spring spawning assessments beginning in
1998; however, as yet, no successful natural reproduction of walleye has been documented in the system.

Exotic Invasive Species

The food web of Lake Michigan and of the Great Lakes in general, is defined by, and complicated by, historical
and continued additions of exotic invasive species. The entry and dispersal mechanisms which have acted singly
or jointly in the movement of organisms into the Great Lakes basin include unintentional release (shipping traffic
via discharge of ballast water; escape from cultivation, aquaculture and aquaria, and accidental releases due to fish
stocking and from unused bait), deliberate releases (for example, the deliberate introduction of salmon species to
enhance fisheries), canals, and disturbance linked to the construction of railroads and highways.”* Scientists have
identified 145 nonindigenous fishes, invertebrates, fish disease pathogens, plants, and algae established in the
Great Lakes basin since the early 1800s.”> Some taxonomic groups have not been studied as well as others;

Wisconsin Department of Natural Resources, Milwaukee Estuary Remedial Action Plan Progress through
January 1994, 1995.

"Edward L. Mills and Kristen T. Holeck, “Biological Pollutants in the Great Lakes,” Clearwaters, Volume 31,
Spring 2001.

SE.L. Mills, J.H. Leach, J.T. Carlton, and C.L. Secor, “Exotic Species in the Great Lakes: A History of Biotic
Crises and Anthropogenic Introductions,” Journal of Great Lakes Research, Volume 19, 1993; J.H. Leach, E.L.
Mills, and M.A. Dochoda, “Non-indigenous Species in the Great Lakes: Ecosystems Impacts, Binational Policies,
and Management,” In Great Lakes Fishery Policy and Management: A Binational Perspective, Edited by W.W.
Taylor, Michigan State University Press, 1998.
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however, plants, algae, disease pathogens and parasites account for about 60 percent of new species established in
the Great Lakes basin since 1810, followed by invertebrates that account for 22 percent, and fish that make up
about 18 percent.

It is difficult if not impossible to predict how these species introductions will affect the existing or future food
web dynamics in Lake Michigan. However, similar patterns of invasion and system responses have occurred
among several of the Great Lakes. Sea lampreys, for example, have caused great damage to the lake trout,
whitefish, and burbot populations in all the Great Lakes and similar impacts of zebra mussels have also been
documented.

Lake Erie, like all of the Great Lakes, has had similar changes in food web dynamics, but because it is the
shallowest and warmest of the Great Lakes, Erie is usually the first to show signs of stress. In other words, recent
food web changes in Lake Erie may provide insight into trends that may also occur in Lake Michigan. In Lake
Erie, zebra mussels have directly led to increased water clarity, clogging of municipal intakes, reduced recreation
on beaches, and disappearance of many native mussel species. Indirect effects of zebra mussels in Lake Erie
include creation of algal blooms and dead zones, disappearance of Diporeia, deaths of fish-eating birds, and
accelerated bioaccumulation of toxicants to predatory fishes and birds. Except for indirect bird or fish deaths, the
above consequences associated with the invasion of zebra mussels in Lake Erie have also occurred in Lake
Michigan.

Other Wildlife

Although a quantitative field inventory of amphibians, reptiles, birds, and mammals was not conducted as a part
of this study, it is possible, by polling naturalists and wildlife managers familiar with the area, to compile lists of
amphibians, reptiles, birds, and mammals which may be expected to be found in the area under existing
conditions. The technique used in compiling the wildlife data involved obtaining lists of those amphibians,
reptiles, birds, and mammals known to exist, or known to have existed, in the greater Milwaukee watersheds area,
associating these lists with the historic and remaining habitat areas in the area as inventoried, and projecting the
appropriate amphibian, reptile, bird, and mammal species into the watershed area. The net result of the application
of this technique is a listing of those species which were probably once present in the watershed area, those
species which may be expected to still be present under currently prevailing conditions, and those species which
may be expected to be lost or gained as a result of urbanization within the area. Table 40 summarizes the results
of this inventory. More-detailed results are given in SEWRPC Technical Report No. 39. It is important to note
that this inventory was conducted on a countywide basis for each of the aforementioned major groups of
organisms. Some of the organisms listed as occurring in Dodge, Fond du Lac, Kenosha, Milwaukee, Ozaukee,
Racine, Sheboygan, Washington, and Waukesha Counties may only infrequently occur within the greater
Milwaukee watersheds.

Table 40 shows that 57 species of mammals, ranging in size from large animals like the white-tailed deer, to small
animals like the meadow vole, are likely to be found within the greater Milwaukee watersheds. At least 180
species of birds have been reported to breed in this area. Some of these species are resident throughout the year.
An additional 108 bird species visit the area only during the annual migration periods, or winter in the area.
Species reported include game birds, songbirds, waders, and raptors. Amphibians and reptiles are vital
components of the ecosystem within an environmental unit like that of the greater Milwaukee River watersheds
area. Examples of amphibians native to the area include frogs, toads, and salamanders. Turtles and snakes are
examples of reptiles common to the area. Table 40 shows that 18 species of amphibians and 24 species of reptiles
have been reported in the greater Milwaukee watersheds area. One amphibian species and two reptile species are
likely to have been extirpated from the area.

Endangered and threatened species and species of special concern present within the greater Milwaukee
watersheds area include 74 species of plants, 16 species of birds, 13 species of fish, five species of herptiles, and
21 species of invertebrates from Wisconsin Department of Natural Resources records dating back to the late
1800s. These are summarized in Table 41.
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Table 40

NUMBERS OF AMPHIBIAN, REPTILE, BIRD, AND MAMMAL SPECIES
KNOWN OR LIKELY TO OCCUR IN THE SOUTHEASTERN WISCONSIN AREA

Fond du Lac Sheboygan Washington Ozaukee Dodge
Group County County County County County
Amphibians.........cccccoviiiiiii 18a 17 17a 16 16
REPHIES. ...t 18 14 19 15b 16
All Bird SpeciesC...........ccoevvveeiiiveeeciieeeee, 256 249 245 256 239
Resident or Breeding Bird Species............. 157 134 142 142 184
MammalS .......ccoooviiiiiiiiieee e 27 27 18 22 38
Waukesha Milwaukee Racine Kenosha Southeastern
Group County County County County Wisconsin
Amphibians.........ccccccoiiiicii 17a 172 162 162 182
REPHIES ... 21b 22b.d 20b 17 24b,d
All Bird SpeciesC..........ccoevviiiieeniieiieenen 248 275 219 214 288
Resident or Breeding Bird Species............. 129 129 129 109 180
MammalS ... 35 44 39 24 57

aTotal includes Blanchard’s cricket frog, which has likely been extirpated.

bTotal includes the gueen snake, which has likely been extirpated.

Cincludes resident, breeding, wintering, and migrant species.

dTotal includes the northern ribbon snake and the northern ringneck snake, which have likely been extirpated.

Source: SEWRPC.

The complete spectrum of wildlife species originally native to the watershed, along with their habitat, has
undergone significant change in terms of diversity and population size since the European settlement of the area.
This change is a direct result of the conversion of land by the settlers from its natural state to agricultural and
urban uses, beginning with the clearing of the forest and prairies, the draining of wetlands, and ending with the
development of urban land in some areas. Successive cultural uses and attendant management practices, primarily
urban, have been superimposed on the land use changes and have also affected the wildlife and wildlife habitat. In
urban areas, cultural management practices that affect wildlife and their habitat include the use of fertilizers,
herbicides, and pesticides; road salting for snow and ice control; heavy motor vehicle traffic that produces
disruptive noise levels and air pollution and nonpoint source water pollution; and the introduction of
domestic pets.

CHANNEL CONDITIONS AND STRUCTURES

The conditions of the bed and bank of a stream are greatly affected by the flow of water through the channel. The
great amount of energy possessed by flowing water in a stream channel is dissipated along the stream length by
turbulence, streambank and streambed erosion, and sediment resuspension. Sediments and associated substances
delivered to a stream may be stored, at least temporarily, on the streambed, particularly where obstructions or
irregularities in the channel decrease the flow velocity or act as a particle trap or filter. On an annual basis or a
long-term basis, streams may exhibit a net deposition, net erosion, or no net change in internal sediment transport,
depending on tributary land uses, watershed hydrology, precipitation, and geology. From 3 to 11 percent of the
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Table 41

ENDANGERED AND THREATENED SPECIES IN THE GREATER MILWAUKEE WATERSHEDS

Kinnickinnic Menomonee Milwaukee
Group River River River Oak Creek Root River Study Area

Mollusks

Endangered ..........cccceevvirennnnn. 0 0 0 0 0 0

Threatened.................. 0 0 1 0 0 1

Special Concern 0 0 0 0 0 0
Crustaceans

Endangered ...........cccevniiieninenn. 0 0 0 0 0 0

Threatened.................. 0 0 0 0 0 0

Special Concern 1 1 1 1 1 1
Butterflies and Moths

Endangered .........ccocceeniiiininenn. 0 0 1 0 0 1

Threatened.................. 0 0 0 0 0 0

Special Concern 0 2 3 0 0 5
Dragonflies and Damselflies

Endangered ........ccccoooiniiiiinenn 0 0 0 0 0 0

Threatened................. 0 0 0 0 0 0

Special Concern 0 1 8 1 0 10
Other Insects

Endangered ..........cccceevvirennnnn. 0 0 0 0 0 0

Threatened.................. 0 0 0 0 0 0

Special Concern 0 2 1 0 0 3
Fish

Endangered ...........ccccevniiiennnnn. 1 1 1 0 0 1

Threatened.................. 3 3 4 1 2 4

Special Concern 2 2 6 1 4 8
Reptiles and Amphibians

Endangered ...........cocceeiiiieninenn. 0 1 2 0 2 2

Threatened.................. 1 2 2 1 2 2

Special Concern 0 1 0 0 1 1
Birds

Endangered ........ccccoooviriiiiinenn 0 0 1 0 0 1

Threatened.................. 0 0 5 1 1 5

Special Concern 1 4 4 1 7 10
Plants

Endangered ..........cccceeviirennnnn. 4 8 2 4 8 16

Threatened.................. 2 5 10 2 12 15

Special Concern 16 19 32 9 26 43

Source: SEWRPC.

annual sediment yield in a watershed in southeastern Wisconsin may by contributed by streambank erosion.”® In
the absence of mitigative measures, increased urbanization in a watershed may be expected to result in increased
streamflow rates and volumes, with potential increases in streambank erosion and bottom scour, and flooding
problems. In the communities within the MMSD service area, the requirements of MMSD Chapter 13, “Surface
Water and Storm Water,” are applied to mitigate instream increases in peak rates of flow that could occur due to
new urban development without runoff controls. In communities outside of the MMSD service area, local
ordinances provide for varying degrees of control of runoff from new development. Also, where soil conditions
allow, the infiltration standards of Chapter NR 151, “Runoff Management,” of the Wisconsin Administrative Code
are applied to limit increases in runoff volume from new development.

SEWRPC Technical Report No. 21, Sources of Water Pollution in Southeastern Wisconsin: 1975. September
1978.
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While a comprehensive evaluation of channel conditions within the greater Milwaukee watersheds has not been
conducted, several studies provide data on channel conditions in portions of the study area.

Milwaukee County commissioned an assessment of stability and fluvial geomorphic character of streams within
four watersheds in the County including the Milwaukee River watershed.”” This study, conducted in fall 2003,
examined channel stability in about 60 miles of stream channel along the mainstems of the Kinnickinnic,
Milwaukee, and Root Rivers; Oak Creek; and several tributary streams. A major goal of this study was to create a
prioritized list of potential project sites related to mitigation of streambank erosion and channel incision,
responses to channelization, and maintenance of infrastructure integrity.

The Milwaukee Metropolitan Sewerage District commissioned a study of sediment transport in the Menomonee
River watershed.”® This study, conducted in 2000, examined sediment transport in about 63 miles of stream
channel along the mainstem of the Menomonee River and several of its tributaries. Included among the factors
assessed in this study were the characterization of channel bed and bank material composition, the evaluation of
bed and bank stability, the examination of the integrity of the Works Progress Administration (WPA) walls lining
portions of the channel, and the examination of bed and bank stability at road crossings.

The City of Racine commissioned a study to evaluate the condition of storm sewer outfalls and streambanks and
associated erosion and erosion potential along the Root River within the City.”® A goal of this study was to
develop baseline data identifying, characterizing, and mapping erosion problems associated with stormwater
outfalls and hydromodifications such as riprap, concrete, and retaining walls.

MMSD commissioned an assessment of geomorphic, hydrologic, and hydraulic conditions for Fish Creek and its
watershed.®® This study, conducted in 2000 to 2001, examined geomorphic and sediment characteristics and
hydrologic and hydraulic conditions for about 3.5 miles of stream channel along Fish Creek. Major goals of this
study were to evaluate the mechanisms driving flood control, erosion, valley stability, and environmental
management for the Creek and to identify engineering and management options to be considered in future studies.

In addition, the SEWRPC staff has evaluated the condition of the streambanks and associated erosion 1) along an
unnamed Tributary to the Milwaukee River as part of the reconstruction of the USH 45 roadway improvement
project in cooperation with the Wisconsin Department of Transportation and 2) in the Quaas Creek subwatershed
as part of the development of a watershed protection plan in cooperation with Washington County Land
Conservation Department.®*

Some streams of the greater Milwaukee watersheds show substantial modification of streambeds and banks.
The percentages of streambed and bank modification tend to differ among the watersheds. The Kinnickinnic River
watershed has a high proportion of bed and bank modifications with about 58 percent of the stream channel
examined being lined with concrete or enclosed in conduit. The Menomonee River watershed also has a high
proportion of this sort of modification with about 22 percent of the stream channel examined being lined with

"Inter-Fluve, Inc., Milwaukee County Stream Assessment, Final Report, September 2004.

BInter-Fluve, Inc., Menomonee River Watershed Transport Study Summary Report, MMSD Contract No. W021-
PEOQ01, February 2001.

" Earth Tech, Inc., Root River Outfall and Streambank Erosion Assessment, January 2005.

8W.F. Baird & Associates, Fish Creek Geomorphic Study: Final Study Report, January 2002.

8lwisconsin Department of Transportation and SEWRPC Letter Agreement, USH 45—Stream Relocation Project
(Project 1D#4070-01-02), August 2001; SEWRPC Memorandum Report No. 151, Stream Channel Stability and
Biological Assessment of Quaas Creek: 2002, Washington County, Wisconsin, July 2002.
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concrete or riprap, or enclosed in conduit. Lower proportions of stream channel show these sorts of modifications
in the other watersheds. About 7 percent of the stream channel examined in the Oak Creek watershed is lined with
concrete or enclosed in conduit. Less than 1 percent of the stream channel examined in the Root River watershed
is enclosed in conduit and none is concrete-lined. About seven miles of stream channel in the Milwaukee River
watershed are lined with concrete or enclosed in conduit, representing about 2 percent of the perennial stream
length in this watershed.

There are some areas where stream channel modification has not been as significant. Examples of this include the
designated exceptional water resources areas in the East Branch of the Milwaukee River and Lake Fifteen Creek
subwatersheds in the upper portions of the Milwaukee River watershed.

Bed and Bank Stability

Alluvial streams within urbanizing watersheds often experience rapid channel enlargement. As urbanization
occurs, the fraction of the watershed covered by impervious surfaces increases. This can result in profound
changes in the hydrology in the watershed. As a result of runoff being conveyed over impervious surfaces to
storm sewers which discharge directly to streams, peak flows become higher and more frequent and streams
become “flashier,” with flows increasing rapidly in response to rainfall events. The amount of sediment reaching
the channel often declines. Under these circumstances and in the absence of armoring, the channel may respond
by incising. This leads to an increase in the height of the streambank, which continues until a critical threshold for
stability is exceeded. When that condition is reached, mass failure of the bank occurs, leading to channel
widening. Typically, incision in an urbanizing watershed proceeds from the mouth to the headwaters.®? Lowering
of the downstream channel bed increases the energy gradient upstream and in the tributaries. This contributes to
further destabilization. Once it begins, incision typically follows a sequence of channel bed lowering, channel
widening, and deposition of sediment within the widened channel. Eventually, the channel returns to a stable
condition in equilibrium with the altered watershed hydrology characteristic of the altered channel geometry.

It is also important to note that most of the agricultural lands in the study area contain drain tiles that are designed
specifically to convey water out of the soils and into the adjacent streams that have generally been channelized.
As a result of runoff being conveyed via drain tiles, relative to undrained conditions, peak flows become
somewhat higher and more frequent with flows increasing more rapidly in response to rainfall events. Similar to
urban development conditions, agricultural activities in a watershed can also lead to localized bank scour, channel
incision, and bank failure.

Degrading channels and eroding banks are common along streams in some portions of the greater Milwaukee
watersheds. Locations of aggrading, degrading, and stable stream reaches are inventoried in SEWRPC Technical
Report No. 39.

Since a large portion of the Kinnickinnic River watershed contains channels which are enclosed in conduit or
concrete-lined, only about six miles of channel were inventoried for stability. Most alluvial reaches that were
examined appeared to be degrading and actively eroding. Less than 5 percent of the total 6.1 miles assessed were
observed to be stable.

About 63 miles of channel in the Menomonee River watershed were inventoried for stability. Lateral erosion is
relatively uncommon in this watershed, comprising about 5 percent of total bank conditions. Streambeds in this
watershed showed similar trends toward stability. Only about 5 percent of alluvial reaches were observed to be
unstable. In particular, the lower portions of the Menomonee River have experienced relatively little bed and bank
degradation. This appears to be the result of armoring of the channel by bedrock, large bed materials, and
manmade structures. Aggrading alluvial reaches are uncommon in the portions of this watershed which were
assessed.

825 A. Schumm, “Causes and Controls of Channel Incision,” In: S.E. Darby and A. Simon (eds.), Incised River
Channels: Processes, Forms, Engineering and Management, John Wiley & Sons, New York, 1999.
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About 43 miles of channel in the Milwaukee River watershed were inventoried for stability including about 31
miles of channel in Milwaukee County and about 2.4 miles of channel in the unnamed tributary to the Milwaukee
River and Quaas Creek systems. Approximately half of the alluvial reaches that were examined appeared to be
degrading and actively eroding. About 9.5 percent of the stream length assessed was observed to be stable.

About 24 miles of channel in the Oak Creek watershed were inventoried for stability. Most alluvial reaches that
were examined appeared to be degrading and actively eroding. Less than 8 percent of the lengths of bank assessed
were observed to be stable.

About 55.4 miles of channel in the Root River watershed were inventoried for stability, about 48 miles of channel
in Milwaukee County and about 7.4 miles of channel in the City of Racine. Most alluvial reaches that were
examined appeared to be degrading and actively eroding. About 34 percent of the stream length assessed was
observed to be stable. Less than 2 percent of the assessed channel was observed to be aggrading.

About 3.6 miles of channel of Fish Creek in the Lake Michigan direct drainage area were inventoried for stability.
Most alluvial reaches that were examined appeared to be degrading and actively eroding. Beds along
approximately 61 percent of the examined sections of the stream appeared to be degrading and actively eroding.
Degradation was also observed along streambanks. Approximately 39 percent of the length of banks that were
examined appeared to be actively eroding. Aggradation was occurring in about 19 percent of the stream.

Works Progress Administration Walls

The WPA walls were constructed as flood management structures in the 1920s and 1930s along several streams in
the Milwaukee metropolitan area. Depending on location, these walls either form the active channel margin or are
located within the active floodplain. They serve as channel boundaries and act to inhibit lateral channel migration
and associated erosion. They are made from mortared limestone blocks and are generally about two feet thick.
They vary in height from five to 12 feet depending on local channel bed, bank, and floodplain elevations. These
walls are about 70 years old. As they degrade over time, increases in lateral bank instability and flooding are
likely results.

Relatively stable WPA walls are present in the upper portion of the Kinnickinnic River.

WPA walls are present along three streams within the Menomonee River watershed: Honey Creek, Woods Creek,
and the mainstem of the Menomonee River are lined by these walls. In many places, the walls contain the river as
originally designed. In isolated segments, the walls are flanked, degraded, or crumbling and no longer provide
proper flood conveyance or adequate protection to infrastructure. At some other isolated sites, the stream channel
has migrated away from the walls.

Dams

Dams and drop structures can disrupt sediment transport and limit aquatic organism passage, fragmenting
populations. Those factors can lead to a reduction in overall abundance and diversity of aquatic organisms. As
shown in Table 42, in 2005 there were about 88 dams and 64 drop structures located within the greater
Milwaukee watersheds.

In 2005, there was one dam within the Kinnickinnic River watershed. It is a low sill located on Cherokee Park
Creek. In addition, numerous drop structures are located in Lyons Park Creek and Villa Mann Creek.

In 2005, there were seven dams within the Menomonee River watershed. One is located in the headwaters of
Dousman Ditch, two are located on the mainstem of the Menomonee River, and four are located on Underwood
Creek. The Falk dam, which was located in the Lower Menomonee watershed was physically removed in
February 2001. In addition, numerous drop structures were located in the watershed, mostly along Honey and
Underwood Creeks.

213



Table 42

DAMS AND DROP STRUCTURES WITHIN THE GREATER MILWAUKEE WATERSHEDS: 2005

Dams Removed from
Watershed Dams Drop Structures 1988 through 2005

Kinnickinnic RIVET..........cccooiiiiiiiiiiiieee e 1 14 0
MENOMONEE RIVET.........uveeeieeeiiieiieeee e 7 28 1
MilWAUKEE RIVET......eeeveeeeeeeeee e 70 6 ga
(O 1 Ol (1= TR 1 8 0
(2 {010) A 241 V=] GOSN 8 6 0
Lake Michigan Direct Drainage Area ................... 1 2 0

Total 88 64 9

aThe dam on Pigeon Creek at the Lutheran Seminary was breached after 2005 and was intended to be removed. That dam is
not included in this number.

Source: Wisconsin Department of Natural Resources, Inter-Fluve, Inc., River Alliance of Wisconsin, and SEWRPC.

In 2005, there were about 70 dams and about 6 drop structures within the Milwaukee River watershed. The dams
are located throughout the watershed, along the mainstem and tributaries of the Milwaukee River. Most of these
dams form impoundments. In addition, a small number of drop structures are located in Beaver Creek and Brown
Deer Park Creek.

The one dam within the Oak Creek watershed is located on Oak Creek in the Oak Creek Parkway. In addition, a
total of six drop structures are located in Oak Creek and the North Branch of Oak Creek. Three other drop
structures in Oak Creek and the North Branch were removed by MMSD in 2004.

In 2005, eight dams were located within the Root River watershed. Four are located on Whitnall Park Creek, one
is located on Dale Creek, one is located on Tess Corners Creek, one is located on an unnamed tributary to the
West Branch of the Root River Canal, and one is located on the mainstem of the River in the City of Racine
(Horlick dam). Most of these dams form impoundments. In addition, a small number of drop structures are
located in Dale Creek and Whitnall Park Creek.

In 2005, there were two drop structures and one dam located within the Lake Michigan direct drainage area.
These structures are located on Fish Creek. A recent assessment reported that the low-head dam is failing.®*

HABITAT AND RIPARIAN CORRIDOR CONDITIONS

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

83W.F. Baird & Associates, 2002, op. cit.
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1) existing outdoor recreation sites; 2) potential outdoor recreation and related open space sites; 3) historic,
archaeological, and other cultural sites; 4) significant scenic areas and vistas; and 5) natural and scientific areas.

The delineation of these 12 natural resource and natural resource-related elements on a map results in an
essentially linear pattern of relatively narrow, elongated areas which have been termed “environmental corridors”
by the Commission. Primary environmental corridors include a wide variety of the abovementioned important
resource and resource-related elements and are at least 400 acres in size, two miles in length, and 200 feet in
width. Secondary environmental corridors generally connect with the primary environmental corridors and are at
the least 100 acres in size and one mile long. In addition, smaller concentrations of natural resource features that
have been 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.

It is important to point out that, because of the many interlocking and interacting relationships between living
organisms and their environment, the destruction or deterioration of any one element of the total environment may
lead to a chain reaction of deterioration and destruction among the others. The drainage of wetlands, for example,
may have far-reaching effects, since such drainage may destroy fish spawning grounds, wildlife habitat,
groundwater recharge areas, and natural filtration and floodwater storage areas of interconnecting lake and stream
systems. The resulting deterioration of surface water quality may, in turn, lead to a deterioration of the quality of
the groundwater. Groundwater serves as a source of domestic, municipal, and industrial water supply and
provides a basis for low flows in rivers and streams. Similarly, the destruction of woodland cover, which may
have taken a century or more to develop, may result in soil erosion and stream siltation and in more rapid runoff
and increased flooding, as well as destruction of wildlife habitat. Although the effects of any one of these
environmental changes may not in and of itself be overwhelming, the combined effects may lead eventually to the
deterioration of the underlying and supporting natural resource base, and of the overall quality of the environment
for life. The need to protect and preserve the remaining environmental corridors within the greater Milwaukee
watersheds thus becomes apparent.

Primary Environmental Corridors

The primary environmental corridors in the regional water quality management plan update study area are
primarily located along major stream valleys, around major lakes, and along the northern Kettle Moraine. As
indicated in Table 29 in Chapter Il of this report, primary environmental corridors encompassed about 185 square
miles, or about 16 percent of the study area, in 2000. These primary environmental corridors contain almost all of
the best remaining woodlands, wetlands, and wildlife habitat areas in the study area, and represent a composite of
the best remaining elements of the natural resource base. Primary environmental corridors in the regional water
quality management plan update study area are shown on Map 19 in Chapter 11 of this report.

Secondary Environmental Corridors

Secondary environmental corridors are generally located along the small perennial and intermittent streams within
the regional water quality management plan update study area. In 2000, secondary environmental corridors
encompassed about 27 square miles, or about 2 percent of the total area of the study area (Table 29 in Chapter 11
of this report). Secondary environmental corridors also contain a variety of resource elements, often remnant
resources from primary environmental corridors which have been developed for intensive urban or agricultural
purposes. Secondary environmental corridors facilitate surface water drainage, maintain pockets of natural
resource features, and provide corridors for the movement of wildlife, as well as for the movement and dispersal
of seeds for a variety of plant species. Secondary environmental corridors in the regional water quality
management plan update study area are shown on Map 19 in Chapter Il of this report.

Isolated Natural Resource Areas

Widely scattered throughout the study area, isolated natural resource areas encompassed about 28 square miles, or
about 3 percent of the total study area, in 2000 (Table 29 in Chapter Il of this report). These smaller pockets of
wetlands, woodlands, surface water, or wildlife habitat exist within the study area. Isolated natural resource areas
may provide the only available wildlife habitat in an area, provide good locations for local parks and nature study
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areas, and lend unique aesthetic character or natural diversity to an area. These isolated natural resource areas
should also be protected and preserved in their natural state whenever possible. Isolated natural resource areas in
the regional water quality management plan update study area are shown on Map 19 in Chapter Il of this report.

Natural Areas and Critical Species Habitat

The regional natural areas and critical species habitat protection and management plan® ranked natural resource
features based upon a system that considered areas to be of statewide or greater significance, NA-1; countywide
or regional significance, NA-2; or local significance, NA-3. In addition, certain other areas were identified as
critical species habitat sites. It is important to note that the inventories in this plan did not specifically include
areas within Sheboygan, Fond du Lac, and Dodge Counties, except for areas that are immediately adjacent to or
shared by the northern boundaries of Ozaukee and Washington Counties. However, as shown in Table 30 in
Chapter 11 of this report and Map 20 in Chapter Il of this report, there are a total of five and three State natural
areas identified by the WDNR Bureau of Endangered Resources within Fond du Lac and Sheboygan Counties,
respectively. As indicated in Table 30 in Chapter Il of this report, and illustrated on Map 20 in Chapter Il of this
report, there were 227 natural area sites inventoried in the study area that encompassed a total of about 20,700
acres, or approximately 3 percent of the study area. In addition, the regional natural areas and critical species
habitat protection and management plan also included an inventory of critical species habitat sites located in the
study area, except for areas within Sheboygan, Fond du Lac, and Dodge Counties. Critical species are those
species of plants and animals that are considered endangered, threatened, or of special concern. The majority of
critical species habitat sites are located within identified natural areas of the study area; however, a few are
located outside of the known natural areas. Table 30 in Chapter Il of this report identifies 47 critical species
habitat sites that are outside of the abovementioned natural area sites.

Measures for Habitat Protection

Varying approaches to the protection of stream corridors have been adopted within the greater Milwaukee
watersheds. In Milwaukee County, stream corridor protection has been focused on public acquisition of the lands
adjacent to the stream banks and their preservation as river parkways. These lands are frequently incorporated into
public parks and other natural areas. Racine County has acquired some lands adjacent to the mainstem of the Root
River and preserved it as river parkway. In Washington County, the City of West Bend has also acquired some
lands adjacent to the mainstem of the Milwaukee River, at the site of the former Woolen Mills dam, and has
preserved it as a park. The Washington County comprehensive shoreland and floodland protection ordinance
requires setbacks of principal structures and places limits upon removal of shoreland vegetative cover, excavation
of shoreland, and encroachment into shorelands by structures based upon a lake and stream classification system
designed to protect those waters most sensitive to human encroachment. While most of the Milwaukee River and
Menomonee River systems within the County are classified as Class Il waters, which are subject to statewide
minima with respect to these parameters, the East and West Branch of the Milwaukee River, Silver Creek (West
Bend), Stony Creek, and Willow Creek within Washington County are classified as a Class | streams, and
Kewaskum Creek and the West Branch of the Menomonee River within the County are classified as Class Il
streams. These waterways are subjected to greater setbacks and other more stringent performance standards
designed to protect and preserve sensitive instream habitat and water quality. Of the lakes within the Milwaukee
River watershed in Washington County, most of the larger, historically developed lakes are classified as Class Il
waters, subject to statewide minimum standards for shoreland protection. Erler, Hasmer, Lucas, Mud, and Smith
Lakes are classified as Class Il waters and are subject to greater setbacks and other more stringent performance
standards designed to protect and preserve sensitive habitat and water quality. In Waukesha County, a
comprehensive shoreland and floodland protection ordinance requires setbacks of principal structures and places
limits upon removal of shoreland vegetative cover, excavation of shoreland, and encroachment into shorelands
by structures.

84SEWRPC Planning Report No. 42, A Regional Natural Areas and Critical Species Habitat Protection and
Management Plan for Southeastern Wisconsin, September 1997.
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The provision of buffer strips along waterways represents an important intervention that addresses anthropogenic
sources of contaminants, with even the smallest buffer strip providing environmental benefit.®> Figure 45 shows
the current status of buffer widths around streams among each of the greater Milwaukee watersheds, ranging from
less than 25 feet, 25 to 50 feet, 50 to 75 feet, and greater than 75 feet. Buffers of greater than 75 feet in width were
the most common category of buffer, accounting for about 56 percent of the buffer widths observed in the study
area. Buffer widths less than 25 feet were the next most common category of buffer, accounting for about
25 percent of the buffer widths observed in the study area. Figure 45 also shows that the status of buffer widths
along streams differs among the watersheds in the study area. Depending on the watershed, buffers of greater than
75 feet in width accounted for between about 10 and 67 percent of buffers in the watershed, with the
greatest percentage of buffers in this width category being found in the Milwaukee River watershed and the
smallest percentage of buffers in this width category being found in the Kinnickinnic River watershed. Enclosed
conduits, which comprise about 34 miles of the greater Milwaukee watersheds stream system, essentially
eliminate opportunities for installation of buffers. These enclosures are located largely within Wilson Park Creek
and the S. 43rd Street Ditch subwatersheds in the Kinnickinnic River watershed, Honey Creek, Underwood
Creek, the South Branch of Underwood Creek, and Grantosa Creek in the Menomonee River watershed, Beaver
Creek, Brown Deer Park Creek, Southbranch Creek, an unnamed tributary to Southbranch Creek, and an unnamed
tributary to Indian Creek, in the Milwaukee River watershed, the Mitchell Field Drainage Ditch subwatershed in
the Oak Creek watershed, and Crayfish, Legend, and Tess Corners Creeks and an unnamed tributary to the Root
River in the Root River watershed. Maps showing buffer widths along streams in the greater Milwaukee
watersheds area are presented in Chapters V through 1X of SEWRPC Technical Report No. 39.

ACHIEVEMENT OF WATER USE OBJECTIVES

The water use objectives and the supporting water quality standards and criteria for the greater Milwaukee
watersheds are documented in Chapter VII of this report. Most of the stream reaches in these watersheds are
designated for fish and aquatic life and full recreational uses. A few are designated for coldwater uses. Auburn
Lake Creek upstream from Auburn Lake, Chambers Creek, Gooseville Creek, Melius Creek, Nichols Creek, and
Watercress Creek are all considered coldwater streams and subject to standards under which dissolved oxygen
concentrations are not to be less than 7.0 mg/l during spawning and 6.0 mg/l during the rest of the year. These
streams are all in the Milwaukee River watershed. The other exceptions to the fish and aquatic life and full
recreational use designations are subject to variances under Chapter NR 104 of the Wisconsin Administrative
Code. The mainstem of the Kinnickinnic River in the Kinnickinnic River watershed; Honey Creek, Underwood
Creek from Juneau Boulevard in the Village of EIm Grove downstream to the confluence with the Menomonee
River, and the mainstem of the Menomonee River downstream from the confluence with Honey Creek in the
Menomonee River watershed; and Indian Creek, Lincoln Creek, and the mainstem of the Milwaukee River
downstream from the site of the former North Avenue dam in the Milwaukee River watershed are subject to a
special variance under which dissolved oxygen is not to be less than 2.0 mg/l and counts of fecal coliform bacteria
are not to exceed 1,000 per 100 ml. Burnham Canal and South Menomonee Canal in the Menomonee River
watershed are subject to special variances that impose the same requirements with the additional requirement that
the water temperature shall not exceed 31.7°C. In the Milwaukee River watershed, Silver Creek (Sheboygan
County) downstream from the Random Lake wastewater treatment plant to the first crossing of Creek Road is
designated for limited forage fish and is subject to a variance under which dissolved oxygen concentrations are
not to be less than 3.0 mg/l. The East Branch of the Root River Canal from STH 20 to the confluence with the
West Branch of the Root River Canal, Hoods Creek, Tess Corners Creek, the West Branch of the Root River
Canal between STH 20 and CTH C, and Whitnall Park Creek downstream from the site of the former Hales
Corners wastewater treatment plant to Whitnall Park Pond in the Root River watershed are designated for limited
forage fish and subject to variances under which dissolved oxygen concentrations are not to be less than 3.0 mg/I.

8gee Chapter Il of SEWRPC Technical Report No. 39. Data were drawn from A. Desbonnet, P. Pogue, V. Lee,
and N. Wolff, “Vegetated Buffers in the Coastal Zone—a Summary Review and Bibliography,” CRC Technical
Report No. 2064. Coastal Resources Center, University of Rhode Island, 1994.
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Figure 45
RIPARIAN CORRIDOR BUFFER WIDTHS IN THE GREATER MILWAUKEE WATERSHEDS: 2005
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The East Branch of the Root River, the East Branch of the Root River Canal upstream from STH 20, Ives Grove
Ditch, the West Branch of the Root River Canal upstream from CTH C, Whitnall Park Creek upstream from the
site of the former Hales Corners wastewater treatment plant, and an unnamed tributary of the Root River from
downstream from the site of the former New Berlin Memorial Hospital wastewater treatment plant in the Root
River watershed are designated for limited aquatic life and are subject to variances under which dissolved oxygen
concentrations are not to be less than 1.0 mg/I.

For the most part, the standards that apply to the Milwaukee outer harbor and adjacent nearshore Lake Michigan
area are less clear cut. The Beach Act of 2000 requires that water quality advisories be issued at designated
bathing beaches when concentrations of E. coli in a single sample exceed 235 cells per 100 ml. This standard was
used to assess whether water quality at beaches and in the nearshore Lake Michigan area was suitable for full
recreational use. For other water quality parameters, it was decided to compare water quality in the outer harbor to
the standards for fish and aquatic life.

Fairly large data sets for the assessment of achievement of water use objectives were available from multiple
sampling stations along the mainstems of the Menomonee and Kinnickinnic Rivers and Oak Creek and from large
portions of the mainstems of the Milwaukee and Root Rivers. Far fewer data are available from tributary streams.
In the inventories contained in Chapters V through X of SEWRPC Technical Report No. 39, 119 tributary steams
were identified in the Kinnickinnic River, Menomonee River, Milwaukee River, Oak Creek, and Root River
watersheds and in the Lake Michigan direct drainage area for assessing compliance with water quality standards
and criteria related to five water quality parameters during the baseline period.2® Observed data were available to
assess compliance with standards or criteria for all five parameters for only eight tributary streams. Data were
available for assessing compliance with standards or criteria for at least one of these parameters for another
20 tributary streams. It is important to note that these numbers reflect the tributaries for which any data were
available. For many tributaries, these assessments were based upon small numbers of samples. For about half the
tributaries assessed, the assessment of compliance was based on 15 or fewer samples. In some cases, the
assessments were based on five or fewer samples.

Streams

Based upon the available data for sampling stations in the greater Milwaukee watersheds, the mainstems of the
Kinnickinnic, Menomonee, Milwaukee, and Root Rivers, Oak Creek, and the major tributaries of these streams
did not fully meet the water quality standards associated with the designated water use objectives during and prior
to 1975, the base year of the initial plan. Review of subsequent data indicated that as of 1995, the designated
water use objectives were only being partially achieved in the majority of the streams in the watershed.®” For
streams in the Lake Michigan direct drainage area, data for assessing achievement of water use objectives were
available only for Fish Creek. Data were not available to assess whether Fish Creek met water quality standards
associated with the designated water use objectives during and prior to 1975, the base year of the initial regional
water quality management plan, or during review of subsequent data that examined conditions as of 1995.%

During the baseline period, the designated water use objectives were only being partially achieved in much of the
greater Milwaukee watersheds. Table 43 shows the results of comparisons of water quality data from the baseline
period to supporting water quality standards for the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and

8The baseline was initially set as 1998-2001. During the course of the study, more recent data were incorporated
into analyses as they became available. Thus, the baseline period used for these assessments in the Menomonee
River, Kinnickinnic River, and Oak Creek watersheds was 1998-2001. Because more recent data were available
when the analyses were conducted, the baseline period used for these assessments in the Milwaukee River and
Root River watersheds and the Lake Michigan direct drainage area was 1998-2004.

8SEWRPC Memorandum Report No. 93, A Regional Water Quality Management Plan for Southeastern
Wisconsin: An Update and Status Report, March 1995.
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Table 43

CHARACTERISTICS OF STREAMS IN THE GREATER MILWAUKEE WATERSHEDS: 1998-2004

Percent of Samples Meeting Water Quality Standards and Criteria

Stream Fecal Fish Biotic Macroinvertebrate
Length Dissolved Total Coliform Index Biotic Index Rating 303(d)
Stream Reach (miles) Oxygen Temperature NH3b Phosphorus® Bacteria Rating@.d (HBN)a.d Impairments€
Kinnickinnic River Mainstem
Kinnickinnic River above S. 27th Streetf 3.1 100.0 (67)9 100.0 (67) 100.0 (55) 29.9 (67) 30.3 (66)" Very poor (1) --
Kinnickinnic River between S. 7th Street 2.1 98.4 (63)9 98.4 (63) 100.0 (46) 56.2 (64) 50.8 (63)h -- Fair (1)
and S. 27th Streetf
Kinnickinnic River between S. 1st Street 14 94.1 (68)9 100.0 (68) 100.0 (64) 58.8 (68) 58.2 (67)h -- -- Aquatic toxicity, bacteria,
and S. 7th Streetf dissolved oxygen, fish
consumption advisory
Kinnickinnic River between Greenfield 0.8 100.0 (58)9 100.0 (58) 100.0 (56) 74.1 (58) 75.4 (57)h -- -- Aquatic toxicity, bacteria,
Avenue (extended) and S. 1st Street! dissolved oxygen, fish
consumption advisory
Kinnickinnic River between Jones Island 0.4 100.0 (58)9 100.0 (58) 100.0 (57) 74.1 (58) 77.2 (57)h -- -- Aquatic toxicity, bacteria,
Ferry and Greenfield Avenue (extended)f dissolved oxygen, fish
consumption advisory
Wilson Park Creek Subwatershed
Wilson Park Creek Tributary Upstream -- -- 100.0 (22) 78.6 (42) -- -- -- --
of Conduitf
Wilson Park Creek Tributary Downstream -- -- 96.0 (25) 70.5 (44) -- -- -- --
of Conduitf
Wilson Park Creekf 5.5 -- -- 100.0 (22) 70.5 (44) -- -- -- --
Menomonee River Mainstem
Menomonee River above County Line 4.5 87.9 (58) 100.0 (58) 100.0 (16) 66.7 (57) 36.2 (58) -- -- --
Roadf
Menomonee River between N. 124th Street 10.0 100.0 (89) 100.0 (63) 100.0 (28) 67.4 (89) 24.4 (90) Poor (4) Fair (1) --
and County Line Roadf
Menomonee River between W, Hampton 1.0 98.7 (76) 100.0 (61) 100.0 (21) 59.1 (77) 26.0 (77) -- -- --
Avenue and N. 124th Streetf
Menomonee River between N. 70th Street 4.5 100.0 (117) 100.0 (71) 100.0 (44) 43.1 (102) 39.3 (117) Very poor (9)i Good-very good (3)i --
and W. Hampton Avenue
Menomonee River between N. 25th Street 6.2 100.0 (64)9 100.0 (64) 100.0 (18) 31.7 (63) 62.5 (64)i Very poor (9)i Good-very good (3)i Aquatic toxicity, bacteria,
and N. 70th Streetf dissolved oxygen, fish
consumption advisoryk
Menomonee River between Muskego 0.9 100.0 (66)9 100.0 (60) 100.0 (21) 36.9 (65) 71.8 (64)] Very poor (1)I -- Aquatic toxicity, bacteria,
Avenue and N. 25th Streetf dissolved oxygen, fish
consumption advisory
Menomonee River between Burnham 0.1 100.0 (62)9 93.5 (62) 100.0 (16) 63.7 (61) 85.2 (61)i Very poor (1)I -- Aquatic toxicity, bacteria,
Canal and Muskego Avenuef dissolved oxygen, fish
consumption advisory




Table 43 (continued)
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Percent of Samples Meeting Water Quality Standards and Criteria®
Stream Fecal Fish Biotic Macroinvertebrate
Length Dissolved Total Coliform Index Biotic Index Rating 303(d)
Stream Reach (miles) Oxygen Temperature NH5P Phosphorus® Bacteria Rating®.d (HBN2.d Impairments®
Menomonee River Mainstem (continued)
Menomonee River between S. 2nd Street 0.8 100.0 (114)9 100.0 (67) 100.0 (30) 32.7 (113) 59.6 (111)J Very poor (1)I -- Aquatic toxicity, bacteria,
and Burnham Canal dissolved oxygen, fish
consumption advisory
West Branch of the Menomonee Riverf 4.2 -- -- -- -- -- Poor (1) Fair (4) --
Willow Creek Subwatershed
Willow Creekf 2.8 100.0 (5) 100.0 (6) 100.0 (10) 81.8 (11) -- Very poor (1) Good-very good (5) --
Butler Ditch Subwatershed
Butler Ditch™M 2.9 100.0 (3) 100.0 (3) -- -- -- Very poor (4) -- --
Little Menomonee River Subwatershed
Little Menomonee Riverf 11.2 100.0 (5) 100.0 (6) 100.0 (6) 83.3(6) 100.0 (1) Very poor (5) Good-very good (1) | Aquatic toxicity
South Branch Underwood Creek
Subwatershed
South Branch of Underwood Creekn 1.0 71.9 (32) 100.0 (32)° 100.0 (32) 43.3 (30) 21.9 (32) -- -- --
Underwood Creek Subwatershed
Underwood Creek from Juneau Boulevard 7.4 68.8 (32) 100.0 (32) 100.0 (32) 77.4 (31) 43.8 (32) Very poor (3) -- --
to Headwaters"
Underwood Creek from confluence with the 15 100.0 (48)9 100.0 (48) 100.0 (48) 68.2 (44) 70.8 (48)] -- Poor-fairly poor (1) --
Menomonee River to Juneau Boulevard"
Honey Creek Subwatershed
Honey Creekf 10.0 94.6 (92)9 100.0 (80) 100.0 (92) 33.8 (77) 32.6 (92)l -- -- --
Mainstem Milwaukee River
Milwaukee River above Dam at Kewaskum 229 84.0 (144) 100.0 (191) -- 63.8 (58) 60.0 (10) Very poor to Poor to good (12) | Fish consumption
excellent (3) advisory
Milwaukee River between Dam at 20.5 100.0 (117) 100.0 (121) -- 74.5 (51) 72.7 (11) Fair to excellent Fair to good (4) Fish consumption
Kewaskum and CTH M near Newburg 4 advisory
Milwaukee River between CTH M near 12.3 100.0 (95) 100.0 (110) -- 78.6 (42) 100.0 (9) Fair to excellent Poor to good (10) | Fish consumption
Newburg and Waubeka (5) advisory
Milwaukee River between Waubeka 19.2 100.0 (95) 100.0 (95) 98.9 (90) 38.4 (112) 41.1 (90) Good to Fair to good (3) Bacteria, fish con-
and Pioneer Road near Cedarburg excellent (5) sumption advisory
Milwaukee River between Pioneer Road 11.3 100.0 (87) 100.0 (88) 100.0 (70) 44.8 (87) 30.7 (88) -- -- Bacteria, fish con-
near Cedarburg and W. Brown Deer sumption advisory
Road
Milwaukee River between W. Brown Deer 6.5 100.0 (81) 100.0 (81) 100.0 (64) 42.5 (80) 38.3(81) Excellent (4) Fair to good (3) Bacteria, fish con-
Road and E. Silver Spring Drive sumption advisory
Milwaukee River between E. Silver Spring 1.6 94.1 (85) 100.0 (85) 100.0 (69) 42.9 (84) 30.6 (85) -- -- Bacteria, fish con-
Drive and N. Port Washington Road sumption advisory
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Table 43 (continued)

Percent of Samples Meeting Water Quality Standards and Criteria®

Stream Fecal Fish Biotic Macroinvertebrate
Length Dissolved Total Coliform Index Biotic Index Rating 303(d)
Stream Reach (miles) Oxygen Temperature NH5P Phosphorus® Bacteria Rating®.d (HBN2.d Impairments®
Mainstem Milwaukee River (continued)
Milwaukee River between N. Port 0.3 100.0 (75) 100.0 (76) 100.0 (76) 42.4 (92) 54.5 (11) -- Poor to good (3) Bacteria, fish con-
Washington Road and Estabrook Park sumption advisory
Milwaukee River between Estabrook Park 3.6 98.6 (71) 100.0 (71) 100.0 (62) 37.1(70) 19.7 (71) Good to Fair to good (9) Bacteria, fish con-
and former North Avenue Dam excellent (5) sumption advisory
Milwaukee River between former North 0.9 100.0 (87) 100.0 (87) 100.0 (74) 39.5 (86) 65.1 (83) Very poor (1) -- Aquatic toxicity, bacteria,
Avenue Dam and Walnut Street dissolved oxygen, fish
consumption advisory
Milwaukee River between Walnut Street 0.8 100.0 (84) 100.0 (84) 100.0 (75) 38.6 (83) 69.9 (83) -- -- Aquatic toxicity, bacteria,
and Wells Street dissolved oxygen, fish
consumption advisory
Milwaukee River between Wells Street 0.6 100.0 (88) 100.0 (88) 100.0 (86) 37.5 (88) 68.2 (88) -- -- Agquatic toxicity, bacteria,
and Water Street dissolved oxygen, fish
consumption advisory
Milwaukee River between Water Street 0.3 100.0 (76) 100.0 (76) 100.0 (73) 64.5 (76) 77.3 (75) -- -- Aquatic toxicity, bacteria,
and Union Pacific Railroad dissolved oxygen, fish
consumption advisory
Milwaukee River between Union Pacific 0.4 100.0 (2) 100.0 (2) 100.0 (2) 75.0 (4) 100.0 (3) -- -- Aquatic toxicity, bacteria,
Railroad and confluence with dissolved oxygen
Lake Michigan consumption advisory
West Branch Milwaukee River
Subwatershed
West Branch Milwaukee River 20.1 60.0 (5) 100.0 (6) 100.0 (5) 61.5 (39) -- Poor to Poor to good (10) --
excellent (4)
Kewaskum Creek Subwatershed
Kewaskum Creek 6.4 -- -- -- 70.6 (34) -- Fair (1) Fair to good (5) --
East Branch Milwaukee River
Subwatershed
East Branch Milwaukee River from 15.9 100.0 (125) 100.0 (139) 100.0 (6) 98.4 (62) 100.0 (10) Fair to excellent Poor to excellent --
Long Lake to STH 28 (11) 17
Unnamed Creek (T14N R19E SE NW 36) 7.8 100.0 (6) 100.0 (6) 100.0 (7) 66.7 (6) -- -- Good (5) --
(Parnell Creek)
Crooked Lake Creek 5.1 100.0 (6) 100.0 (6) 100.0 (6) 100.0 (6) -- Poor to very Fair to good (7) --
poor (2)
Middle Milwaukee River Subwatershed
Quaas Creek 5.9 99.1 (856) 100.0 (856) -- 79.4 (34) -- Fair to very poor Fair to good (4) --
®)
Riveredge Creek 2.2 -- 100.0 (131) -- -- -- -- -- --
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Table 43 (continued)

Percent of Samples Meeting Water Quality Standards and Criteria®

Stream Fecal Fish Biotic Macroinvertebrate
Length Dissolved Total Coliform Index Biotic Index Rating 303(d)
Stream Reach (miles) Oxygen Temperature NH5P Phosphorus® Bacteria Rating®.d (HBN2.d Impairments®
North Branch Milwaukee River
Subwatershed
North Branch Milwaukee River 30.0 83.6 (140) 100.0 (197) 100.0 (12) 56.3 (64) 44.4 (9) Fair (1) Poor to good (3) --
Adell Tributary 5.1 -- -- -- -- -- -- Poor to fair (4) Degraded habitat
Wallace Creek 8.6 100.0 (5) 100.0 (6) 100.0 (5) 33.3(6) -- Poor to fair (2) Good (7) --
Batavia Creek Subwatershed
Batavia Creek 5.0 -- -- -- 65.8 (32) -- -- -- --
Stony Creek Subwatershed
Stony Creek 10.0 100.0 (6) 100.0 (6) 100.0 (6) 100.0 (6) -- Poor to fair (3) Good (6) --
Upper Lower Milwaukee River
Subwatershed
Mole Creek 4.0 100.0 (5) 100.0 (6) 100.0 (5) 100.0 (6) -- Very poor to fair Poor to good (11) --
(9)
Cedar Creek Subwatershed
Cedar Creek 315 100.0 (124) 99.2 (127) 100.0 (6) 94.9 (59) 92.9 (14) Good (3) Fair to good (4) Fish consumption
advisory
Lehner Creek 0.3 -- -- -- -- -- Very poor (2) Good (1) Degraded habitat,
temperature
Unnamed Creek (T10N R20E SW SE 19) 1.3 -- -- -- -- -- -- -- Degraded habitat
(Jackson Creek)
Polk Springs Creek 1.9 100.0 (161) 100.0 (167) 100.0 (89) 48.7 (39) -- Very poor to Poor to good (6) --
poor (3)
Friedens Creek 3.8 100.0 (5) 100.0 (6) 100.0 (5) 83.3 (6) -- Very poor (2) Fair to good (6) --
Evergreen Creek 4.9 -- -- -- -- -- -- -- Degraded habitat
Lower Cedar Creek Subwatershed
North Branch Cedar Creek 7.3 -- -- -- -- -- Very poor to Poor to good (4) --
poor (2)
Lower Milwaukee River Subwatershed
Pigeon Creek 2.4 100.0 (5) 100.0 (6) 100.0 (5) 100.0 (6) -- Poor (1) Good (3) --
Beaver Creek 2.6 -- -- -- -- -- -- -- Agquatic toxicity
Southbranch Creek above W. Bradley 0.1 100.0 (30) 100.0 (30) 100.0 (32) 3.3(30) 38.7 (31) -- -- --
Road
Southbranch Creek between W. Bradley 0.2 100.0 (39) 100.0 (34) 100.0 (32) 12.1(33) 32.4 (34) -- -- --
Road and N. 55th Street
Southbranch Creek between N. 55th Street 0.5 100.0 (36) 100.0 (36) 100.0 (30) 11.4 (35) 22.2 (36) -- -- --
and N. 47th Street
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Table 43 (continued)

Percent of Samples Meeting Water Quality Standards and Criteria®

Stream Fecal Fish Biotic Macroinvertebrate
Length Dissolved Total Coliform Index Biotic Index Rating 303(d)
Stream Reach (miles) Oxygen Temperature NH5P Phosphorus® Bacteria Rating®.d (HBN2.d Impairments®
Lower Milwaukee River Subwatershed
(continued)
Southbranch Creek between N. 47th Street 0.5 91.4 (35) 100.0 (35) 100.0 (28) 29.4 (34) 8.6 (35) -- -- --
and Teutonia Avenue
Indian Creek 1.9 100.0 (32) 100.0 (32) 100.0 (28) 75.0 (28) 71.9 (32) Very poor (1) -- Agquatic toxicity, degraded
habitat, dissolved
oxygen, temperature®
Lincoln Creek Subwatershed
Lincoln Creek above N. 60th Street 0.9 100.0 (81) 100.0 (81) 100.0 (74) 57.5 (80) 76.3 (80) -- -- Aquatic toxicity, degraded
habitat, dissolved
oxygen, temperature
Lincoln Creek between N. 60th Street 15 100.0 (79) 100.0 (80) 100.0 (65) 77.2 (79) 47.5 (80) -- -- Agquatic toxicity, degraded
and N. 51st Street habitat, dissolved
oxygen, temperature
Lincoln Creek between N. 51st Street 11 100.0 (61) 100.0 (61) 100.0 (56) 81.7 (60) 73.3 (60) -- -- Aquatic toxicity, degraded
and N. 55th Street habitat, dissolved
oxygen, temperature
Lincoln Creek between N. 55th Street 25 100.0 (100) 100.0 (100) 100.0 (83) 37.6 (93) 34.5 (84) Very poor (1) -- Aquatic toxicity, degraded
and N. 47th Street habitat, dissolved
oxygen, temperature
Lincoln Creek between N. 47th Street 2.9 97.6 (83) 100.0 (422) 100.0 (78) 14.6 (82) 37.3(83) Very poor (2) -- Aquatic toxicity, degraded
and Green Bay Avenue habitat, dissolved
oxygen, temperature
Oak Creek Mainstem
Oak Creek above W. Ryan Road 3.7 56.9 (51) 100.0 (52) 100.0 (52) 75.0 (52) 15.7 (51) -- -- Aquatic toxicity
Oak Creek between STH 38 and 0.8 98.1 (53) 100.0 (54) 100.0 (48) 79.2 (53) 15.1 (53) -- -- Aquatic toxicity
Ryan Road
Oak Creek between Forest Hill Road 3.0 75.0 (52) 100.0 (53) 100.0 (46) 58.5 (53) 25.0 (52) -- -- Aquatic toxicity
and STH 38
Oak Creek between Pennsylvania Avenue 15 84.6 (53) 100.0 (53) 100.0 (46) 69.2 (52) 18.9 (53) -- -- Aquatic toxicity
and Forest Hill Road
Oak Creek between 15th Avenue 1.9 100.0 (54) 100.0 (55) 100.0 (52) 63.6 (55) 14.5 (55) -- -- Aquatic toxicity
and Pennsylvania Avenue
Oak Creek between Oak Creek Parkway 1.8 100.0 (45) 100.0 (46) 100.0 (37) 72.3 (47) 17.0 (47) -- -- Aquatic toxicity
East of STH 32 and 15th Avenue
Oak Creek between Oak Creek Parkway 0.8 100.0 (52) 100.0 (53) 100.0 (48) 75.9 (54) 13.0 (54) -- -- Aquatic toxicity
East of S. Lake Drive and Oak Creek
Parkway East of STH 32
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Table 43 (continued)

Percent of Samples Meeting Water Quality Standards and Criteria®

Stream Fecal Fish Biotic Macroinvertebrate
Length Dissolved Total Coliform Index Biotic Index Rating 303(d)
Stream Reach (miles) Oxygen Temperature NHgP Phosphorus® Bacteria Ratinga.d (HBI)&, Impairments®
Oak Creek Tributaries
Mitchell Field Drainage Ditch 5.8 -- 100.0 (1) 100.0 (10) 45.5 (11) -- -- -- Aquatic toxicity
Root River Mainstem
Root River above W. Cleveland Avenue 11 46.4 (28) 100.0 (28) 100.0 (27) 64.3 (28) 21.4 (28) -- -- Dissolved oxygen
Root River between the intersection of 0.5 44.4 (27) 100.0 (27) 100.0 (23) 42.3 (26) 7.4 (27) -- -- Dissolved oxygen

W. National Avenue and W. Oklahoma
Avenue and W. Cleveland Avenue

Root River between W. Cold Spring Road 0.8 53.6 (28) 100.0 (28) 100.0 (26) 67.9 (28) 25.0 (28) Fair (1) -- Dissolved oxygen
and the intersection of W. National
Avenue and W. Oklahoma Avenue

Root River between W. Grange Avenue 25 79.5 (39) 100.0 (39) 100.0 (33) 78.9 (38) 16.1 (31) Very poor (1) -- Dissolved oxygen
and W. Cold Spring Road

Root River between W. Ryan Road and 8.7 90.6 (32) 100.0 (32) 100.0 (26) 75.8 (33) 36.7 (30) Very poor (1) -- Dissolved oxygen
W. Grange Avenue

Root River between W. County Line 4.2 100.0 (25) 100.0 (26) 100.0 (24) 26.9 (26) 34.6 (26) Very poor(1) -- Dissolved oxygen
Road and W. Ryan Road

Root River between Johnson Park and 12.3 97.6 (42) 100.0 (62) 100.0 (31) 47.4 (38) 79.5 (39) Very poor to fair | Fair to very good (6) | Dissolved oxygenf
W. County Line RoadP 4

Root River between below the Horlick Dam 5.6 94.3 (106) 100.0 (171) 100.0 (2) 10.7 (56) 53.6 (9) Fair (1) Fair to very good (3) --
and Johnson Park

Root River between near the mouth of 5.5 32.5 (120) 100.0 (181) -- 8.3 (48) 20.0 (5) Fair to excellent | Fair to very good (2) | Fish consumption
the River and below the Horlick Dam 2) advisory

West Branch of the Root River Canal 10.7 -- -- -- -- -- -- -- Dissolved oxygen

Root River Canal 5.5 77.6 (98) 100.0 (104) -- 3.9 (51) 60.0 (10) Very poor (1) -- Dissolved oxygen

Husher Creek 5.2 100.0 (4) 100.0 (6) 100.0 (4) 33.3(6) -- Very poor (1) Poor to fair (2) --

Lake Michigan Direct Drainage Area

Fish Creek above W. Port Washington 2.3 88.2 (34) 100.0 (34) 100.0 (33) 60.6 (33) 28.1(32) -- -- --
Road

Fish Creek between W. Port Washington 0.6 97.1 (34) 100.0 (34) 100.0 (33) 51.5 (33) 33.3(33) -- -- --

Road and Broadmoor Drive

@Number in parentheses shows number of samples.
PBased upon the acute toxicity criterion for ammonia.

CTotal phosphorus is compared to the concentration recommended in the original regional water quality management plan as documented in SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan
for Southeastern Wisconsin: 2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and Volume Three, Recommended Plan, June 1979.

dThe State of Wisconsin has not promulgated water quality standards or criteria for biotic indices.
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Table 43 Footnotes (continued)

€As listed in the Approved Wisconsin 303(d) Impaired Waters List.
fExcept as noted, evaluations of dissolved oxygen, temperature, ammonia, total phosphorus, and fecal coliform bacteria are based on data from 1998-2001.

9A special variance dissolved oxygen standard of 2.0 milligrams per liter applies to the Kinnickinnic River and the Menomonee River downstream of the confluence with Honey Creek, Honey Creek and Underwood Creek
from the confluence with the Menomonee River upstream to Juneau Boulevard.

ha special variance standard for fecal coliform bacteria concentration applies to the Kinnickinnic River. Membrane filter fecal coliform counts shall not exceed 1,000 per 100 ml as a monthly geometric mean based on not
less than five samples per month nor exceed 2,000 per 100 ml in more than 10 percent of all samples in any month.

IThe lower Menomonee River upstream from the estuary was evaluated for biotic indices as a single reach.

ia special variance standard for fecal coliform bacteria concentration applies to the Menomonee River downstream from the confluence with Honey Creek, Honey Creek and Underwood Creek from the confluence with the
Menomonee River upstream to Juneau Boulevard. Membrane filter fecal coliform counts shall not exceed 1,000 per 100 ml as a monthly geometric mean based on not less than five samples per month nor exceed 2,000
per 100 ml in more than 10 percent of all samples in any month.

KThe downstream 1.2 miles of this reach are listed as impaired due to aquatic toxicity, bacteria, low dissolved oxygen concentration, and fish consumption advisories. The upstream portion of this reach is not listed as
impaired.

IThe estuary was evaluated for biotic indices as a single reach.

MBased upon data collected in 2003.

"Based upon data collected from 2001-2004.

OThe natural channel downstream of IH 43 is considered impaired. Reaches upstream from IH 43 are not considered impaired.

PThe upstream 1.9 miles of this reach are listed as impaired due to low dissolved oxygen concentrations. The downstream portion of this reach is not listed as impaired.

Source: SEWRPC.



Root Rivers, Oak Creek, and those tributaries for which data exist to assess achievement of water use objectives.
Review of data since 1998 shows the following:

. Ammonia concentrations in almost all samples collected from the mainstems of the Kinnickinnic,
Menomonee, Milwaukee, and Root Rivers, Oak Creek, and 23 tributary streams to these Rivers were
below the acute toxicity criterion for fish and aquatic life for ammonia, indicating compliance with
the standard.

. Dissolved oxygen concentrations from the vast majority of samples collected from stations along the
mainstem of the Kinnickinnic, Menomonee, and Milwaukee Rivers were at or above the relevant
standard in the vast majority of samples, indicating substantial compliance with the standard. Dissolved
0Xygen concentrations at most stations along the mainstem of Oak Creek were at or above the relevant
standard for fish and aquatic life waters in the vast majority of samples, indicating substantial
compliance with the standard. The major exception to this generalization occurred in the portion of the
mainstem upstream from the confluence with the North Branch of Oak Creek (above W. Ryan Road). In
this reach, dissolved oxygen concentrations were below the standard in a substantial portion of the
samples, indicating substantial noncompliance with the standard. Dissolved oxygen concentrations from
stations along the mainstem of the Root River upstream of W. Grange Avenue and from the station near
the mouth of the River were commonly below the relevant standard, indicating frequent violation of the
standard. Dissolved oxygen concentrations were at or above the relevant standards in the vast majority
of samples in 15 tributary streams, indicating compliance. In four streams, Fish Creek, Lincoln Creek,
Quaas Creek, and Southbranch Creek, dissolved oxygen concentrations were occasionally below the
relevant standard. Dissolved oxygen concentrations in six other streams, the North Branch of the
Milwaukee River, the North Branch of Oak Creek, the Root River Canal, the South Branch of
Underwood Creek, Underwood Creek, and the West Branch of the Milwaukee River, were commonly
to frequently below the relevant standard, indicating more frequent violation of the standard.

. Water temperatures in all samples taken from the mainstems of the Milwaukee and Root Rivers and
Oak Creek were at or below the relevant standard, indicating substantial compliance with the
standard. Water temperatures at two sampling stations along the mainstem of the Kinnickinnic River
and one sampling station along the mainstem of the Menomonee River occasionally exceeded the
relevant standard during the summer, indicating occasional violation of the standard. Water
temperatures in 24 tributary streams were always at or below the relevant standard, indicating
compliance with the standard. The water temperature in one of 127 samples taken from Cedar Creek
was above the relevant standard, indicating an isolated incidence of violation of the standard.

° Fecal coliform bacteria standards were commonly exceeded at stations along the mainstems of the
Kinnickinnic, Menomonee, Milwaukee, and Root Rivers, indicating frequent violation of the
standard. Fecal coliform bacteria standards were generally exceeded along the mainstem of Oak
Creek, indicating a general violation of the standard. Fecal coliform bacteria concentrations were
below the standard in one tributary stream and exceeded the standard in one sample out of 14 for a
second tributary stream, indicating substantial compliance with the standard in these streams.
Concentrations of fecal coliform bacteria in nine tributary streams, Fish Creek, Honey Creek, Indian
Creek, Lincoln Creek, the North Branch of the Milwaukee River, the Root River Canal, Southbranch
Creek, the South Branch of Underwood Creek, and Underwood Creek, commonly exceeded the
relevant standard, indicating frequent violation of the standard.

. Concentrations of total phosphorus in the mainstems of the Kinnickinnic, Menomonee, Milwaukee,
and Root Rivers and Oak Creek commonly exceeded the recommended levels in the original regional
water quality management plan.®® Total phosphorus concentrations in 20 tributary streams commonly

89SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin:
2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and
Volume Three, Recommended Plan, June 1979.
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exceeded the recommended concentration. Total phosphorus concentrations in four tributary streams
occasionally exceeded the recommended concentration. Total phosphorus concentrations in four
tributary streams were at or below the recommended levels.

Thus, during the baseline period the stream reaches for which data are available only partially achieved the
designated water use objectives.

Lake Michigan Beaches

During the 1998-2005 extended baseline period for which beach data were analyzed, the designated water use
objectives were only being partially achieved at public beaches in the Lake Michigan direct drainage area.
Table 44 shows the results of comparisons of water quality data from the baseline period to supporting water
quality standards. Review of data from 1998 to 2005 shows that concentrations of E. coli occasionally exceeded
235 cells per ml at some beaches and frequently exceeded this standard at others.

Milwaukee Outer Harbor

During the 1998-2004 extended baseline period for which outer Harbor data were analyzed, the water quality
criteria for fish and aquatic life were, for the most part, being achieved in the outer harbor. Table 45 shows the
results of comparisons of water quality data from the baseline period to supporting water quality standards.
Review of data from 1998 to 2004 shows the following:

. Ammonia concentrations in all samples taken in the outer harbor were below the acute toxicity
criterion for fish and aquatic life for ammonia, indicating compliance with the standard.

. Dissolved oxygen concentrations in the vast majority of samples taken in the outer harbor were above
the standard of 5.0 mg/l, indicating compliance with the standard.

. Water temperatures in all samples taken from the outer harbor were at or below the relevant standard,
indicating compliance with the standard.

. Concentrations of fecal coliform bacteria at most sampling stations in the outer harbor occasionally
exceeded 200 cells per 100 ml. At station OH-01 at the confluence with the Milwaukee River,
concentrations of fecal coliform bacteria commonly exceeded 200 cells per 100 ml.

. Concentrations of total phosphorus occasionally exceeded the planning levels recommended in the
original regional water quality management plan (SEWRPC PR No. 30). This was especially the case
at stations located at the mouth of the Milwaukee River and the outfall from the Jones Island WWTP.

° It is important to note that about 88 percent of samples of E. coli collected in the outer harbor had cell
counts below 235 cells per 100 ml, the recreational use criterion promulgated for designated bathing
beaches by the USEPA.

Toxicity

An additional issue to consider when examining whether stream reaches are achieving water use objectives is
whether toxic substances are present in water, sediment, or tissue of aquatic organisms in concentrations sufficient
to impair beneficial uses. Table 46 summarizes the data from 1998 to 2004 regarding toxic substances in water,
sediment, and tissue from aquatic organisms for the greater Milwaukee watersheds. For toxicants, the baseline
period was extended to 2004 in order to take advantage of results from sampling conducted by the USGS for both
Phase 11l of the MMSD Corridor Study Project and the regional water quality management plan update.

Pesticides were detected in water samples collected from the mainstems of the Kinnickinnic, Menomonee,
Milwaukee, and Root Rivers and Oak Creek. In addition, pesticides were detected in water samples from six
tributary streams. The concentrations detected did not exceed water quality standards. Pesticides were detected in
two sediment samples collected from the mainstem of the Milwaukee River during the baseline period. Pesticides
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Table 44

CHARACTERISTICS OF PUBLIC BEACHES IN THE LAKE MICHIGAN DIRECT DRAINAGE AREA: 1998-2005

Percent of
Monitoring Samples Meeting
Beach Priority in 20052 E. coli Standard 303(d) Impairmentsb
Lion’s Den Nature Preserve...................... Not monitored -- --
Virmond Park Beach ..........cccccooieneeen. Not monitored -- --
Doctors Park Beach...........cccccevveeeiiiiineen. Medium 67.1 (108) Bacteria
Klode Park Beach ..........cccccvevniiiiniinnnns Medium 76.4 (104) --
Big Bay Park Beach..........ccccccceeeeviininnenn. Not monitored -- --
Atwater Beach..........cccovveviieiiiiiiiiiieces Medium 82.1(112) --
Bradford Beach............cccooevviiiiieiiiiinne. High 64.2 (1,130) Bacteria
Watercraft Beach ..........ccccccoviiiiiieinnnns High 81.7 (229) --
McKinley Beach .........cccoocuiieeiiiiiiniiinneen. High 78.1(777) Bacteria
South Shore Beach..........occcvieeiiiininnnee. High 53.6 (786) Bacteria
South Shore Beach Rocky Area. ............... High 84.5 (232) --
Bay View Park Beach ..........cccccoeiveinnnnen. Medium 81.1 (37) --
Sheridan Park Beach............cccccocviinnee. Not monitored -- --
Grant Park Beach ........c.cccooeevviveeiiiiiinnen, Medium 79.3 (115) --
Bender Park Beach............ccccoeveeeiiniinnnn, Medium 81.5(92) --
Wind Point Lighthouse Beach................... Not monitored -- --
Shoop Park Beach ..., Not monitored -- --
Parkway Beach ..........cccooiiiieiiiiiiiiiee. Not monitored -- --
Michigan Boulevard Beach ....................... Not monitored -- --
Z00 BeAaCh........cvvveiiiiiiic e High 87.1(2,119) --
North Beach .........cccccovveiiiiiiiic e High 85.4 (2,461) --

@Number in parentheses show number of samples.
bas listed in the Approved Wisconsin 303(d) Impaired Waters List.

Source: SEWRPC.

were detected in tissue from aquatic organisms collected from the Menomonee, Milwaukee, and Root Rivers
during the baseline period.

PCBs were detected in water samples collected from the mainstems of the Kinnickinnic, Menomonee, and
Milwaukee Rivers and from Cedar and Lincoln Creeks. When PCBs were detected, the concentrations exceeded
Wisconsin’s wildlife criterion for water quality. PCBs were also detected in sediment samples collected from sites
in the Kinnickinnic and Milwaukee Rivers during the baseline period. In addition, PCBs were detected in
sediment samples collected from Cedar and Lincoln Creeks and the North Branch Milwaukee River during the
baseline period, and in tissue of fish collected from the mainstem of the Milwaukee River, Cedar Creek, and the
Root River below Horlick Dam, often at concentrations necessitating the issuing of fish consumption advisories.

Water samples collected from the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and
Oak Creek showed detectable concentrations of PAHSs. Detectable concentrations of PAHs were also found in
water samples collected from eight tributary streams. PAHs were detected in sediment samples from the
Kinnickinnic and Root Rivers and four tributary streams including the Little Menomonee River. It is important to
note that remediation activities are currently ongoing to address the presence of PAHs in sediment in this
tributary.

Limited sampling for other organic compounds showed detectable concentrations of several compounds in water
from the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek and from a
few tributary streams such as Lincoln Creek. Compounds detected included pharmaceutical and personal care
products such as the stimulant caffeine, industrial solvents such as isophorone, dye components such as carbazole,
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Table 45

CHARACTERISTICS OF SAMPLING STATIONS IN THE MILWAUKEE OUTER HARBOR: 1998-2004

Percent of Samples Meeting Water Quality Standards and Criteria®
Fecal Fish Biotic Macroinvertebrate
Dissolved Total Coliform Index Biotic Index Rating 303(d)
Harbor Station Oxygen Temperature NH3b Phosphorus® Bacteria E. Coli Ratingd (HBI)d Impairments®

OH-01 95.5 (381) 100.0 (381) 100.0 (366) 84.9 (358) 69.9 (123) 100.0 (29) -- -- Aguatic toxicity, bacteria, fish
consumption advisory

OH-02 97.2 (249) 100.0 (249) 100.0 (249) 74.0 (246) 86.3 (80) 88.0 (25) -- -- Aquatic toxicity, bacteria, fish
consumption advisory

OH-03 100.0 (441) 100.0 (441) 100.0 (441) 90.7 (421) 75.0 (136) 100.0 (10) -- -- Aquatic toxicity, bacteria, fish
consumption advisory

OH-04 100.0 (288) 100.0 (288) 100.0 (279) 96.7 (275) 88.0 (83) 80.0 (10) -- -- Aquatic toxicity, bacteria, fish
consumption advisory

OH-05 100.0 (249) 100.0 (249) 100.0 (251) 98.0 (249) 93.9 (66) -- -- -- Aquatic toxicity, bacteria, fish
consumption advisory

OH-07 99.7 (363) 100.0 (363) 100.0 (263) 95.9 (362) 86.7 (113) 100.0 (25) -- -- Aguatic toxicity, bacteria, fish
consumption advisory

OH-09 100.0 (246) 100.0 (246) 100.0 (246) 97.5 (244) 88.4 (69) 92.0 (25) -- -- Agquatic toxicity, bacteria, fish
consumption advisory

OH-10 99.6 (246) 100.0 (246) 100.0 (246) 98.8 (245) 81.7 (71) 93.0 (25) -- -- Aguatic toxicity, bacteria, fish
consumption advisory

OH-11 99.4 (330) 100.0 (330) 100.0 (315) 94.9 (312) 83.2 (95) 90.0 (25) -- -- Aquatic toxicity, bacteria, fish
consumption advisory

OH-15 100.0 (132) 100.0 (132) 100.0 (132) 95.3 (129) 93.3 (60) -- -- -- Aquatic toxicity, bacteria, fish
consumption advisory

@Number in parentheses shows number of samples.

PBased upon the acute toxicity criterion for ammonia.

CTotal phosphorus is compared to the concentration recommended in the regional water quality management plan, as documented in SEWRPC Planning Report No. 30, A Regional Water
Quality Management Plan for Southeastern Wisconsin: 2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and Volume Three,
Recommended Plan, June 1979.

dThe State of Wisconsin has not promulgated water quality standards or criteria for biotic indices.

€As listed in the Approved Wisconsin 303(d) Impaired Waters List.

Source: SEWRPC.



Table 46

TOXICITY CHARACTERISTICS OF STREAMS IN THE GREATER MILWAUKEE WATERSHEDS: 1998-20042

Polycyclic Aromatic Hydrocarbons
Pesticides Polychlorinated Biphenyls (PCBs) (PAHSs) Other Organic Compounds Metals®

Stream Reach Water Sediment Tissue Water Sediment Tissue Water Sediment Tissue Water Sediment Tissue Water Sediment Tissue

Kinnickinnic River
Mainstem

Kinnickinnic River between -- -- -- E-38 (13) -- -- D (13) -- -- -- -- -- E-5 (43) -- --
Jones Island Ferry and
Greenfield Avenue
(extended)

Kinnickinnic River between -- -- -- E-31 (13) -- -- D (13) -- -- -- -- -- E-4 (45) -- -
Greenfield Avenue
(extended) and S. 1st
Street

Kinnickinnic River between -- N (9) -- E-31 (13) D (18) -- D (13) D (18) -- -- N (18) -- E-37 (43) N (18) --
S. 1st Street and S. 7th
Street

Kinnickinnic River between D (3)° -- -- N (13) -- -- D (13) -- -- D (3)° -- -- E-9 (43) -- --
S. 7th Street and S. 27th
Street

Kinnickinnic River above -- -- -- N (13) -- -- D (13) -- -- -- -- -- E-16 (44) -- --
S. 27th Street

Kinnickinnic River
Tributaries

Wilson Park Creek Tributary -- -- -- -- -- -- -- -- -- D (19) -- -- E-8 (15) -- --
Upstream of Conduit

Wilson Park Creek Tributary -- -- -- -- -- -- -- -- -- D (20) -- -- E-18 (17) -- --
Downstream of Conduit

Wilson Park Creek -- -- -- -- -- -- -- -- -- D (21) -- -- E-19 (16) -- --

Menomonee River Mainstem

Menomonee River above -- -- -- E-8 (13) -- -- D (13) -- -- -- -- -- E-57 (45) -- --
County Line Road

Menomonee River between | D (3)¢ - - N (13) - - D (13) - - D (3¢ - - E-66 (67) - -
N. 124th Street and
County Line Road

Menomonee River between -- -- -- E-8 (13) -- -- D (13) -- -- -- -- -- E-48 (60) -- --
W. Hampton Avenue and
N. 124th Street

Menomonee River between D (3) -- -- N (13) -- -- D (16) -- -- D (3) -- -- E-58 (77) -- --
N. 70th Street and W.
Hampton Avenue

Menomonee River between -- -- D (1)® E-8 (13) -- D (1)® D (13) -- -- -- -- -- E-48 (48) -- --
N. 25th Street and N.
70th Street

TEC
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Table 46 (continued)

Stream Reach

Pesticides

Polychlorinated Biphenyls (PCBs)

Polycyclic Aromatic Hydrocarbons
(PAHSs)

Other Organic Compounds

Metals?

Water

Sediment

Tissue

Water

Sediment

Tissue Water

Sediment

Tissue

Water

Sediment

Tissue

Water

Sediment

Tissue

Menomonee River Mainstem
(continued)

Menomonee River between
Muskego Avenue and
N. 25th Street

Menomonee River between
Burnham Canal and
Muskego Avenue

Menomonee River between
S. 2nd Street and
Burnham Canal

E-8 (13)

E-23 (13)

E-38 (13)

-- D (13)

.- D (13)

-- D (13)

E-13 (48)

E-40 (47)

E-13 (80)

Menomonee River
Tributaries

Willow Creek
Little Menomonee River

South Branch of
Underwood Creek

Underwood Creek

Honey Creek

D@3)
D@

D (3)
D(@3)

-- D (3)
-- D (3)
-- D (8)

.- D (23)
.- D (23)

N (3)
D@

D (3)
D(@3)

E-25 (8)

E-35 (20)
E-35 (20)

Milwaukee River Mainstem

Milwaukee River above
Dam at Kewaskum

Milwaukee River between
above Dam at Kewaskum
and CTH M near
Newburg

Milwaukee River between
CTH M near Newburg
and Waubeka

Milwaukee River between
Waubeka and Pioneer
Road near Cedarburg

Milwaukee River between
Pioneer Road near
Cedarburg and W. Brown
Deer Road

Milwaukee River between
W. Brown Deer Road and
E. Silver Spring Drive

E-15 (13)

E-8 (13)

E-8 (12)

E-22(9) | D(@13)

E-100
(33)

D (13)

-- D (13)

E-50 (2)

D (1)

D (1)

E-77 (53)

E-70 (53)

E-72 (53)

E-100 (9)
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Table 46 (continued)

Stream Reach

Pesticides

Polychlorinated Biphenyls (PCBs)

Polycyclic Aromatic Hydrocarbons

(PAHSs)

Other Organic Compounds

Metals?

Water

Sediment

Tissue

Water

Sediment

Tissue

Water

Sediment

Tissue

Water

Sediment

Tissue

Water

Sediment

Tissue

Milwaukee River Mainstem
(continued)

Milwaukee River between
E. Silver Spring Drive and
N. Port Washington Road

Milwaukee River between
N. Port Washington Road
and Estabrook Park

Milwaukee River between
Estabrook Park and
former North Avenue
Dam

Milwaukee River between
former North Avenue
Dam and Walnut Street

Milwaukee River between
Walnut Street and Wells
Street

Milwaukee River between
Wells Street and Water
Street

Milwaukee River between
Water Street and Union
Pacific Railroad

Milwaukee River between
Union Pacific Railroad
and Confluence with Lake
Michigan

D@3

E-25 (12)

E-42 (12)

E-31 (13)

E-31 (13)

E-31 (13)

E-23 (13)

E-100
(24)

D (13)

D@3

D (12)

D (12)

D (13)

D (13)

D (13)

D(3)

D (6)

D@3

E-77 (53)

D(2)

E-2 (46)

E-23 (52)

E-24 (49)

E-9 (53)

E-3 (63)

East Branch Milwaukee
River Subwatershed

East Branch Milwaukee
River from Long Lake to
STH 28

Unnamed Creek (T14N
R19E SE NW 36)
Parnell Creek

N@3)

N (4)

N (4)

N@)

D (4)

D (4)

North Branch Milwaukee
River Subwatershed

North Branch
Milwaukee River

D(®)

N (4)

D@

D (4)

D (4)

Cedar Creek Subwatershed
Cedar Creek

E-91 (22)

D (50)

E-80 (66)

D (22)

N (1)

D (10)

D (4)
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Table 46 (continued)

Stream Reach

Pesticides

Polychlorinated Biphenyls (PCBs)

Polycyclic Aromatic Hydrocarbons
(PAHSs)

Other Organic Compounds

Metals?

Water

Sediment

Tissue

Water

Sediment

Tissue Water

Sediment

Tissue

Water

Sediment

Tissue

Water

Sediment

Tissue

Lower Milwaukee River
Subwatershed

Southbranch Creek above
W. Bradley Road

Southbranch Creek
between W. Bradley
Road and N. 55th Street

Southbranch Creek
between N. 55th Street
and N. 47th Street

Southbranch Creek
between N. 47th Street
and Teutonia Avenue

Indian Creek

N (3)

N (5)

N (5)

N (5)

- D(3)

-- D (5)

-- D (5)

-- D (5)

E-7 (28)

E-25 (28)

E-7 (29)

E-40 (30)

E-13 (8)

Lincoln Creek Subwatershed

Lincoln Creek above
N. 60th Street

Lincoln Creek between
N. 60th Street and
N. 51st Street

Lincoln Creek between
N. 51st Street and
N. 55th Street

Lincoln Creek between
N. 55th Street and
N. 47th Street

Lincoln Creek between
N. 47th Street and Green
Bay Avenue

Lincoln Creek between
Green Bay Avenue and
the Confluence with the
Milwaukee River

E-8 (13)

N (13)

E-11 (9)

N (12)

E-31 (13)

D (17)

-- D (13)

.- D (13)

-- D (9)

-- D (14)

-- D (13)

E-12 (66)

E-8 (49)

D (54)

E-9 (67)

E-57 (54)

Oak Creek Mainstem

Oak Creek above W. Ryan
Road

Oak Creek between STH 38
and W. Ryan Road

Oak Creek between Forest
Hill Road and STH 38

E-24 (38)
E-15 (38)

E-29 (39)

Oak Creek between
Pennsylvania Avenue
and Forest Hill Road

E-22 (37)
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Table 46 (continued)

Stream Reach

Pesticides

Polychlorinated Biphenyls (PCBs)

Polycyclic Aromatic Hydrocarbons
(PAHSs)

Other Organic Compounds

Metals?

Water

Sediment

Tissue

Water

Sediment

Tissue

Water Sediment Tissue

Water

Sediment

Tissue

Water

Sediment

Tissue

Oak Creek Mainstem
(continued)

Oak Creek between
15th Avenue and
Pennsylvania Avenue

Oak Creek between Oak
Creek Parkway East of
STH 32 and 15th Avenue

Oak Creek between Oak
Creek Parkway East of
S. Lake Drive and Oak
Creek Parkway East of
STH 32

D (3)

D (3) -- .-

D (3)

E-26 (39)

E-35 (34)

E-25 (40)

Oak Creek Tributaries

Mitchell Field Drainage
Ditch

D (5)

Root River Mainstem

Root River above
W. Cleveland Avenue

Root River between the
Intersection of W.
National Avenue and W.
Oklahoma Avenue and
W. Cleveland Avenue

Root River between W.
Cold Spring Road and the
Intersection of W.
National Avenue and W.
Oklahoma Avenue

Root River between W.
Grange Avenue and W.
Cold Spring Road

Root River between W.
Ryan Road and W.
Grange Avenue

Root River between W.
County Line Road and
W. Ryan Road

Root River between
Johnson Park and W.
County Line Road

D (5)

D (3)

N (6)

N (6)

N (6)

N (6)

N (6)

N (6)

N (6)

D (6) - -

D (6) - -

D (6) - -

D (9) - -

D (6) - -

D (6) -- .-

D (3)

D (3)

E-44 (25)

E-46 (24)

E-44 (25)

E-45 (24)

E-41 (25)

E-50 (20)

E-100
(10)
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Table 46 (continued)

Polycyclic Aromatic Hydrocarbons

Pesticides Polychlorinated Biphenyls (PCBs) (PAHSs) Other Organic Compounds Metalsb

Stream Reach Water Sediment Tissue Water Sediment Tissue Water Sediment Tissue Water Sediment Tissue Water Sediment Tissue

Root River Mainstem
(continued)

Root River between below D (5) -- -- -- -- -- -- D (3) -- -- -- -- D (6) D (3) --
the Horlick Dam and
Johnson Park

Root River between near -- -- D (7) -- -- E-10 -- -- -- -- -- -- D (6) -- E-10
the Mouth of the River (31) (23)
and below the Horlick
Dam

Root River Tributaries
Root River Canal -- -- -- -- -- -- -- -- -- -- -- -- D (10) - -
Crayfish Creek -- -- -- -- -- -- -- -- -- -- -- -- -- D (1) --

Lake Michigan Direct
Drainage Area

Fish Creek above N. Port -- .- -- .- .- -- D (26)9 .- -- -- .- -- E-75 (8) .- --
Washington Road
Fish Creek between N. Port -- -- -- -- -- -- D (26)9 -- -- -- -- -- E-75 (8) -- --

Washington Road and
Broadmoor Drive

NOTE: E-X denotes exceedence of a water quality standard in X percent of the samples, D denotes detection of a substance in this class in at least one sample, N denotes that no substances in this class were detected
in any sample.

aNumber in parentheses indicates sample size.

bMetals sampled were arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc. Sample sizes are shown for most metals. Mercury was sampled less frequently.
CThese samples were taken at S. 11th Street.

dThese samples were taken at Pilgrim Road.

€These samples were taken upstream of N. 35th Street.

fTis,sue concentration exceeds threshold used by WDNR for issuing fish consumption advisories.

9This included samples for PAHSs in water collected in 2005.

Source: SEWRPC.



aroma and flavoring agents such as acetophenone and camphor, flame retardants, insect repellants such as DEET,
and metabolites of nonionic detergents. In addition, the aircraft deicing compounds ethylene glycol and propylene
glycol were detected in water samples from Wilson Park Creek. Where water quality criteria have been
promulgated, the concentrations of these substances were below the relevant criteria.

Finally, water samples from stations along the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root
Rivers and Oak Creek and from a small number of tributary streams were examined for concentrations of arsenic,
cadmium, chromium, copper, lead, mercury, nickel, and zinc. While the sample sizes given in Table 46 are
representative of sampling for most of these metals, it is important to note that mercury was sampled less
intensively. The number of samples analyzed for mercury was about two-thirds the number analyzed for other
metals. Detectable concentrations of each of these metals were present in samples from each of the major rivers
and streams tested and from nine tributary streams. Concentrations of mercury in water commonly exceeded both
the human threshold concentration for public health and welfare and the wildlife criterion for surface water
quality. The percentage of samples exceeding the lower of these two concentrations is given in Table 46.
Concentrations of copper in water samples occasionally exceeded the EPA’s criterion maximum concentration
(CMC) for copper. At some stations, concentrations of cadmium, chromium, lead, nickel, and zinc occasionally
exceeded the chronic toxicity criteria for aquatic life, or more rarely, the acute toxicity criteria for aquatic life.
Detectable concentrations of toxic metals were also found in sediment samples collected during the baseline
period from sites along the mainstems of the Milwaukee and Root Rivers and from four tributary streams.

The summary above suggests that some beneficial uses are being impaired by the presence of contaminants,
especially PCBs and mercury. The fish consumption advisories in effect shown in Tables 38 and 39 reflect this.

Impaired Waters

Section 303(d) of the Clean Water Act requires that the states periodically submit a list of impaired waters to the
USEPA for approval. While Wisconsin most recently submitted this list in 2006, the most recent list approved by
the USEPA as of April 2007 was submitted in 2004.%° Maps 29 through 34 graphically depict and Table 43 lists
stream reaches in the greater Milwaukee watersheds that are classified as being impaired waters in the most
recently approved list.

One section of the mainstem of the Kinnickinnic River is listed as impaired, the 2.5-mile reach of variance water
between the confluence with the Milwaukee River and S. Chase Avenue is considered impaired due to aquatic
toxicity, bacterial contamination, fish consumption advisories necessitated by high concentrations of PCBs in the
tissue of fish collected from this reach, and lack of compliance with standards for dissolved oxygen concentration.
Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint
sources are cited as factors contributing to the impairment of this section of the River. One pond in the
Kinnickinnic River watershed, Jackson Park Pond in the City of Milwaukee, is considered impaired due to fish
consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this pond.
Contaminated sediment is cited as a factor contributing to the impairment of this pond.

One section of the mainstem of the Menomonee River is listed as impaired, the 3.0-mile-reach of variance water
between the confluence with the Milwaukee River and the site of the former Falk dam is considered impaired due
to aquatic toxicity, bacterial contamination, fish consumption advisories necessitated by high concentrations of
PCBs in the tissue of fish collected from this reach, and lack of compliance with standards for dissolved oxygen
concentration. Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point
and nonpoint sources are cited as factors contributing to the impairment of this section of the River. One tributary
in the Menomonee River watershed, the Little Menomonee River, is also considered impaired, due to aquatic
toxicity related to the presence of PAHSs in contaminated sediment.

Pwisconsin Department of Natural Resources, Approved Wisconsin 303(d) Impaired Waters List, August 2004.
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Map 29

IMPAIRED WATERS WITHIN THE KINNICKINNIC RIVER WATERSHED: 2004
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Map 33

IMPAIRED WATERS WITHIN THE ROOT RIVER WATERSHED: 2004
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IMPAIRED WATERS WITHIN THE AREA TRIBUTARY TO LAKE MICHIGAN: 2004
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Three sections of the mainstem of the Milwaukee River are listed as impaired. The section of the River upstream
of the Lime Kiln dam in the Village of Grafton is considered impaired due to fish consumption advisories
necessitated by high concentrations of PCBs in the tissue of fish collected from this reach. A 25-mile section of
the Milwaukee River between the City of Grafton and site of the former North Avenue dam is considered
impaired due to bacterial contamination and fish consumption advisories necessitated by high concentrations of
PCBs in the tissue of fish collected from this reach. The 3.1-mile reach of variance water between the confluence
with Lake Michigan and the site of the former North Avenue dam is considered impaired due to aquatic toxicity,
bacterial contamination, fish consumption advisories necessitated by high concentrations of PCBs in the tissue of
fish collected from this reach, and lack of compliance with standards for dissolved oxygen concentration.
Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint
sources are cited as factors contributing to the impairment of this section of the River. Several tributary streams
are also listed as impaired. Adell Tributary, Evergreen Creek, Jackson Creek, and Lehner Creek are considered
impaired due to habitat degradation from sedimentation related to nonpoint source pollution. Lehner Creek is also
considered impaired due to high water temperatures. Beaver Creek is considered impaired due to aquatic toxicity
related to nonpoint source pollution. A five-mile section of Cedar Creek between Bridge Road in the City of
Cedarburg and the confluence with the Milwaukee River is considered impaired due to fish consumption
advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach. PCBs from
contaminated sediments are cited as factors contributing to the impairment of this section of Cedar Creek. Indian
Creek downstream from IH 43, which is classified as a variance water, is considered impaired due to aquatic
toxicity, degraded habitat, lack of compliance with standards for dissolved oxygen concentration, and high
temperatures. Metals, phosphorus, and sedimentation related to nonpoint source pollution are cited as contributing
to the impairment of this section of stream. Lincoln Creek, which is classified as a variance water, is considered
impaired due to aquatic toxicity, degraded habitat, lack of compliance with standards for dissolved oxygen
concentration, and high temperatures. Metals, PAHSs, phosphorus, and sedimentation from undetermined sources
are cited as factors contributing to the impairment of this stream.

Two lakes and one pond in the Milwaukee River watershed are also listed as being impaired. Forest Lake and
Mauthe Lake are considered impaired due to fish consumption advisories necessitated by high concentrations of
mercury in the tissue of fish collected from these lakes. Atmospheric deposition of mercury is cited as
contributing to these impairments. Zeunert Pond in the City of Cedarburg is also considered impaired due to fish
consumption advisories necessitated by high concentrations of mercury in the tissue of fish collected from this
pond. Mercury in contaminated sediment is cited as contributing to this impairment.

The entire 13.0-mile length of the mainstem of Oak Creek is listed as being impaired due to aquatic toxicity
related to undetermined pollutants. A combination of point and nonpoint sources is cited as factors contributing to
the impairment of the Creek.

Two sections of the mainstem of the Root River are listed as impaired. Approximately 12 stream-miles in the
reach of the River between 21 and 43 miles upstream from the confluence with Lake Michigan is considered
impaired due to lack of compliance with standards for dissolved oxygen concentration. Phosphorus and
sedimentation from a combination of point and nonpoint sources are cited as factors contributing to the
impairment of this section of the River. Samples collected during the extended baseline period suggest that low
dissolved oxygen concentrations may no longer be impairing the downstream portion of this reach (see
Chapter IX in SEWRPC Technical Report No. 39). A six-mile section of the Root River between the Horlick dam
and the confluence with Lake Michigan is considered impaired due to fish consumption advisories necessitated by
high concentrations of PCBs in the tissue of fish collected from this reach. Two tributary streams are also listed as
impaired. The Root River Canal is considered impaired due to lack of compliance with standards for dissolved
oxygen concentration. Phosphorus and sedimentation mostly from nonpoint sources are cited as factors
contributing to the impairment of this stream. The West Branch of the Root River Canal is considered impaired
due to lack of compliance with standards for dissolved oxygen concentration. Phosphorus and sedimentation
mostly from nonpoint sources are cited as factors contributing to the impairment of this stream.
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The Milwaukee Harbor estuary and outer harbor are classified as being impaired waters. As described above, the
portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers in the estuary are listed as impaired due to
aquatic toxicity, high bacteria concentrations, low concentrations of dissolved oxygen, and fish consumption
advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this area. Bacteria,
metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint sources are
cited as factors contributing to the impairment of the estuary. The outer harbor is listed as impaired due to aquatic
toxicity, high bacteria concentrations, and fish consumption advisories necessitated by high concentrations of
PCBs in the tissue of fish collected from this area. Bacteria, metals, and PCBs from contaminated sediment and a
combination of point and nonpoint sources are cited as factors contributing to the impairment of the outer harbor.

Four public beaches along the Lake Michigan shore in the Lake Michigan direct drainage area are also listed as
being impaired. Bradford Beach, Doctors Park Beach, McKinley Beach, and South Shore Beach are considered
impaired due to bacteria counts exceeding standards from the Beach Act of 2000.

GROUNDWATER CONDITIONS

SEWRPC, working with the USGS, Wisconsin Geological and Natural History Survey (WGNHS), the University
of Wisconsin-Milwaukee (UWM), and the WDNR, has completed two major groundwater studies for the
Southeastern Wisconsin Region that will be important resources for regional and local planning. These studies
include a regional groundwater inventory and analysis and the development of a regional aquifer simulation
model. The groundwater inventory and analysis findings are presented in SEWRPC Technical Report No. 37,
Groundwater Resources of Southeastern Wisconsin, June 2002. The aquifer simulation model is documented in
SEWRPC Technical Report No. 41, A Regional Aquifer Simulation Model for Southeastern Wisconsin, June
2005. In addition, the third, and final, component of the SEWRPC regional groundwater planning program is
underway and is documented in SEWRPC Planning Report No. 52, A Regional Water Supply Plan for
Southeastern Wisconsin, in progress. Groundwater quality data available for the Region are provided in SEWRPC
Technical Report No. 37 and the data summarized here are largely drawn from that report. These data have been
supplemented with data obtained from the WDNR Groundwater Retrieval Network (GRN) databases.

Geology and Groundwater Resources

From the standpoint of groundwater occurrence, all rock formations that underlie the Region can be classified as
either aquifers or as confining beds. An aquifer is a rock formation or sand and gravel unit that will yield water in
a useable quantity to a well or spring. A confining bed, such as shale or siltstone, is a rock formation unit having
relatively low permeability that restricts the movement of groundwater either into or out of adjacent aquifers and
does not yield water in useable amounts to wells and springs.

In general, groundwater occurs within three major aquifers that underlie the study area. From the land’s surface
downward, they are: 1) the sand and gravel deposits in the glacial drift; 2) the shallow dolomite strata in the
underlying bedrock; and 3) the deeper sandstone, dolomite, siltstone and shale strata. Because of their proximity
to the land’s surface and hydraulic interconnection, the first two aquifers are commonly referred to collectively as
the “shallow aquifer,” while the latter is referred to as the deep aquifer. Within the study area, the shallow and
deep aquifers are separated by the Maquoketa shale, which forms a relatively impermeable barrier between the
two aquifers (See Figure 46).

The aquifers of southeastern Wisconsin extend to depths, reaching in excess of 1,500 feet in the eastern parts of
the Region, including the regional water quality management plan update study area. The general characteristics
of three major aquifers set forth above can be refined to group rock formations within the study area into five
aquifers, two confining beds, and two semi-confining beds (See Figure 46 and Table 47). The aquifers are, in
descending order, the Quaternary sand and gravel; Silurian dolomite; Galena-Platteville; upper sandstone; and
lower sandstone. The confining beds are the Maquoketa Formation and the Precambrian crystalline rock. The
shaly Antrim formation and siltstone and shaly dolomite of the Milwaukee Formation constitute the uppermost
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Figure 46

AQUIFER SYSTEMS IN SOUTHEASTERN WISCONSIN
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semi-confining bed; the silty dolomite and fine-grained sandstone of the St. Lawrence Formation-Tunnel City
Group constitute the lower semi-confining bed in parts of the Region.**

Like surface water, groundwater is susceptible to depletion in quantity and to deterioration in quality as a result of
urban and rural development. Consequently, water quality management planning must appropriately consider the
potential impacts of urban and rural development on this important resource. Water quality management and land
use planning must also take into account, as appropriate, natural conditions which may limit the use of
groundwater as a source of water supply, including relatively high levels of naturally occurring radium in
groundwater in the deep sandstone aquifer, found in certain parts of the study area. Other considerations that may
limit the uses of groundwater include decreasing aquifer levels and increasing concentrations of dissolved solids
and other constituents.

9IA more-detailed description of the areal extent and lithography of aquifers and confining units, including water
table depths and elevation mapping can be found in SEWRPC Technical Report No. 37, Groundwater Resources
of Southeastern Wisconsin, June 2002.

246



Table 47

HYDROGEOLOGIC UNITS OF SOUTHEASTERN WISCONSIN

Geologic Age Rock Unit Hydrogeologic Unit Water Yield
Quaternary Undifferentiated Sand and gravel aquifer Small to large yields; thick sections yield
several hundred gallons per minute
Devonian Antrim Fm.1 Semi-confining unit Yields little water
Milwaukee Fm.1
Thiensville Fm.1 Silurian dolomite aquifer Small tc_) large yie!ds (10s — 100s gpm)
Silurian Waubekee Fm.! and a6 of Soution channels and
Racine Fm.2 fractures. Main water-producing units:
> Thiensvillg, basal member of Racine,
Waukesha Fm. and Mayville (Rovey and Cherkauet,
Brandon Bridge beds 1994a)
Byron Fm.2
Mayville Fm.2
Ordovician Maquoketa Fm.2 Confining unit Yields little or no water
Sinnipee Group Galena Fm. Galena-Platteville aquifer Yields little water vv_here overlain by_
ecoran 7 ? oo et
Platteville Fm.
Ancell Group (Glenwood Fm.)3 Upper sandstone aquifer Moderate to large yields
St. Peter Fm. (100-500 gpm)
Prairie du Chien Shakopee Fm.2 Small yields (10s of gpm)
Group Oneota Fm.2
Cambrian Trempealeau Group Jordan Fm.2 Moderate yields (100s gpm)
St. Lawrence Fm.2 Semi-confining unit Yields little water
Tunnel City Group Yields little water
Elk Mound Group Wonewoc Fm.2 Lower sandstone aquifer Moderate to large yields
Eau Claire Fm. (100s — 1,000s of gpm)
Mt. Simon Fm.
Precambrian Undifferentiated Confining bed Yields little or no water

NOTE: Fm. = Formation; gpm = gallons per minute; for description, see Chapter V; 1-only in eastern Milwaukee and Ozaukee Counties; 2
not always present in the entire Region; © thin or locally absent.

Source: A. Zaporozec, 1997.

Groundwater Quality

The chemical composition of groundwater largely depends on the composition and physical properties of the soil
and rock formations it has been in contact with, the residence time of the water, and the antecedent water quality.
The chemical composition of groundwater in the Region and the study area is primarily a result of its movement
through, and interaction with, Pleistocene unconsolidated materials and Paleozoic rock formations. The latter
contain large amounts of dolomite—CaMg(CO3z3)o—that is dissolved by water passing through the rock
formations. In general, groundwater quality tends to be relatively uniform within a given aquifer, both spatially
and temporally, but major differences in groundwater quality exist within the Region. The current quality of
groundwater in both the shallow and deep aquifers underlying the Region is generally good and suitable for most
uses, although localized water quality problems occur in some areas. The exception to this is the concentration of
radium exceeding drinking water standards which occurs in some portions of the deep sandstone aquifer
underlying the Region, but which is not prevalent in wells in the study area.
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Groundwater in the Region contains all the major ions that commonly dominate the composition of natural
waters: calcium (Ca2+), magnesium (Mg2+), and sodium (Na*) cations and bicarbonate (HCO3"), sulfate
(8042), and chloride (CI") anions. The areal distribution and predominance of these major ions can be used to
classify the groundwater into hydrochemical facies, i.e., the chemical type of water. Groundwater may be
classified as a calcium-magnesium-bicarbonate (Ca-Mg-HCO3) type in most of the Region. The water chemistry
of the shallow and deep aquifers systems underlying the Region are very similar. The most pronounced
geochemical changes occur in the confined parts of the deep aquifer system. From the western edge of the
Maquoketa shale east toward Lake Michigan, water chemistry changes sequentially from Ca-Mg-HCO3 to Ca-
Na-SO4-Cl to Na-SO4-Cl type.*

Dissolved Solids

Dissolved solids concentration and hardness are good initial indicators of water quality. Concentrations of
dissolved solids are primarily in the 300 to 400 mg/l range within the Region. The recommended maximum
concentration for drinking water of 500 mg/l is exceeded only locally in isolated areas, primarily in the east-
central part of the Region, which includes part of the regional water quality management plan update study area.
The dissolved-solids concentration generally increases from west to east, generally in the direction of
groundwater movement, and with depth and increased thickness of the aquifer. Available data show negligible
differences between individual aquifers on a Regional basis. Dissolved solids concentrations in the sand and
gravel aquifer are generally between about 300 mg/l to 400 mg/l, though locally they may exceed 400 mg/I.
Dissolved solids concentrations in the Silurian dolomite aquifer are between about 300 mg/l to 400 mg/I, though
they are generally lower along the Lake Michigan shore and higher in Ozaukee and Milwaukee Counties and
eastern Waukesha County. Dissolved solids concentrations in the sandstone aquifer are generally between about
300 mg/l to 400 mg/l in the west, increasing toward the east to more than 600 mg/I.

Map 35 shows the distribution of dissolved-solids concentration in the Silurian dolomite aquifer, the prevalent
shallow aquifer in the Region and the study area. The map also shows those wells for which available data
indicate concentrations above 1,000 mg/l. Water containing high dissolved solids is occasionally reported by
drillers of new wells in the aquifer. Water containing more than 1,000 mg/l dissolved solids is considered saline
water. The highest concentration of dissolved solids documented within the Region was 6,690 mg/l for a
composite sample from a well tapping the Silurian dolomite, Galena-Platteville dolomite, and St. Peter sandstone
aquifers in northeastern Milwaukee County.

Hardness

Hardness in groundwater underlying the Region and the study area is generally high due to the dominance of
calcium-magnesium cations in the groundwater (Map 36). Hardness is reported in terms of equivalent
concentration of calcium carbonate in milligrams per liter (mg/l as CaCO3). No Federal or State standards for
hardness have been promulgated, but water with a hardness of less than 100 mg/l as CaCOg is generally
considered as suitable for domestic uses. Water having more than 180 mg/l as CaCOg is considered very hard,
and softening is required for most purposes. Hardness does vary somewhat between the aquifers underlying the
study area.”® Hardness levels in the sand and gravel aquifer vary in the Region, ranging from 164 mg/l as CaCO3
in Racine County to 353 mg/l as CaCOg3 in Waukesha County. Mean hardness levels in the Silurian dolomite
aquifer range from 241 mg/l as CaCO3 in Kenosha County to 722 mg/l as CaCO3 in Ozaukee County. Mean
hardness levels in the sandstone aquifer range from 154 mg/l as CaCO3 in Kenosha County to between 350 mg/I
as CaCOg3 and 390 mg/l as CaCOg3 in Milwaukee, Ozaukee, Washington, and Waukesha Counties.

92D.1. Siegel, Geochemistry of the Cambrian-Ordovician Aquifer System in the Northern Midwest, United States,
(Regional Aquifer-System Analysis report), U.S. Geological Survey Professional Paper 1405-D, 1989.

9p A. Kammerer, Jr., Groundwater Quality Atlas of Wisconsin, U.S. Geological Survey and University of
Wisconsin-Extension, Wisconsin Geological and Natural History Survey, Information Circular 39-1981.
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The hardest water in the Region is found in the regional water quality management plan update study area in
northern Milwaukee County and northeastern Waukesha County with values exceeding 360 mg/l as CaCOs3.
Hardness in excess of 360 mg/l as CaCOg, or even 500 mg/l as CaCO3 is common in wells in the Villages of
Brown Deer and Menomonee Falls, and the Cities of Brookfield, Glendale, and Milwaukee. Two wells in the
Village of River Hills have measured hardness exceeding 1,500 mg/l as CaCO3.

Trace Elements

Concentrations of some constituents, normally found in trace amounts, exceeded limits in some areas of the
Region and may limit the usefulness of groundwater for certain purposes. Barium concentrations may exceed the
limit of one mg/l in a 30-mile broad band running through the western part of Washington County, most of
Waukesha County, eastern Walworth County, and western Racine and Kenosha Counties. The band includes
significant portions of the study area. The higher barium concentrations may be attributed to a zone of reducing
conditions in the confined aquifer system, extending from northeastern Illinois to Wisconsin. Radium
concentrations (radium-226 and radium-228 combined) in some parts of the confined deep aquifer system exceed
the current drinking water standard. The sources of the high radium concentrations in the groundwater may be
attributed to the occurrence of uranium and thorium in the matrix of sandstones.

Water Quality Concerns

Some water quality problems are caused by natural factors, which cannot be controlled. For example, the
abundant dolomite material in the Region releases calcium and magnesium, which form about one-half of all ions
in groundwater and are the principal components of hardness. Therefore, hardness is objectionably high in the
groundwater underlying most of the study area (see Map 36), and softening is required for almost all water uses.

The deep aquifer water in some parts of the Region contains saline water, that is, water with dissolved solids
concentrations greater than 1,000 mg/l. But saline water can also occur in the shallow aquifer system through
hydraulic connection between the deep and shallow aquifer systems. Dissolved solids concentrations in excess of
1,000 mg/l have been documented in the study area in southeastern Ozaukee County and northeastern Milwaukee
County.** Several areas in southwestern Ozaukee, northeastern Waukesha, and northern Milwaukee Counties
have been reported where saline water is suspected or has been found to be beneath the shallow aquifer system.®
Some locations of wells in the shallow aquifer system containing more than 1,000 mg/l of dissolved solids are
shown on Map 35.

Naturally occurring radioactivity in groundwater, including radium and radon, has become a concern in
Wisconsin in recent years. The State initiated several studies to examine the occurrence and extent of these
naturally occurring contaminants. Radon does not appear to be a problem in the shallow aquifer of Southeastern
Wisconsin. The source of radium in groundwater is the naturally occurring radium content of certain types of rock
formations in the deep sandstone aquifer. Based on the consumer confidence reports for 2005 issued by the
WDNR, only one of the 18 water supply systems in the study area reported an exceedence of the current five
picocuries per liter EPA and State maximum contaminant level (MCL) standard for radium (combined radium-
226 and radium-228). The 2005 consumer confidence reports also reported an exceedence of the current MCL
standard for radionucleides.

Another naturally occurring element, arsenic, is also a concern. The new Federal and State MCL standard is
10 pg/l. The primary zone of arsenic mineralization is considered to be below the bottom of the Galena-Platteville
dolomite formation (see Table 47). In 2005, none of the water supply systems in the study area reported
exceedences of arsenic.

%“R.W. Ryling, A Preliminary Study of the Distribution of Saline Water in Bedrock Aquifers of Eastern
Wisconsin, Wisconsin Geological and Natural History Survey, Information Circular 5, 1961.

%p A. Kammerer, Jr., Ground-Water Flow and Quality in Wisconsin’s Shallow Aquifer System, U.S. Geological
Survey Water-Resources Report 90-4171, 1995.
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Contaminants resulting from human activities, causing groundwater problems in the Region, included bacteria,
nitrate, pesticides, and volatile organic compounds (VOCs). The first three can affect water quality of private
wells, but generally do not cause major problems in the Region.

The coliform bacteria test has traditionally been used to measure the sanitary condition of well water. Although
coliform bacteria are not known to usually cause disease, their presence in well-water samples may be an
indication that more harmful bacteria also exist in a well. Bacteria can be introduced into wells from septic tanks,
leaking sanitary sewer lines, feed lots, and manure pits and piles. Their presence usually indicates an improperly
constructed well or a well too shallow for local conditions, such as thin soil or fractured bedrock. Coliform
bacteria have been detected in, on average, 15 percent of the private wells in the Region, although there is wide
geographic and seasonal variability. In shallow, fractured bedrock aquifers, up to 73 percent of wells have been
tested “unsafe.” Protected aquifer wells average less than 6 percent unsafe.®® Overall, coliform detection rates are
three times higher in late summer months than midwinter.’” E. coli, the coliform most strongly associated with
fecal contamination, is found in fewer than 2.6 percent of private wells.®® Well bacterial contamination may not
always be caused by poor aquifer conditions or substandard well construction. Incidental sources, such as insects
under well caps, careless pump work, and iron biofilms are believed responsible for many coliform detects.

In Wisconsin, nitrate-nitrogen is the most commonly found groundwater contaminant that exceeds State drinking
water standards. Nitrate can enter groundwater from many sources, including nitrogen-based fertilizers, animal
waste storage facilities, feedlots, septic tanks, and municipal and industrial wastewater and sludge disposal sites.
Data from the WDNR GRN databases suggest that nitrate contamination is a relatively minor problem in the
study area. In samples collected from 841 wells in the study area during the period 1998-2006, nitrate-nitrogen
was found to exceed the enforcement standard of 10 mg/l in 1.3 percent of wells and the preventive action limit of
2 mg/l in 9.4 percent of wells. It is important to note that because the GRN databases do not include data from
monitoring wells associated with some actions such as USEPA Superfund sites and some contaminated
groundwater remediation actions, these percentages may underestimate the extent of nitrate-nitrogen contamina-
tion in groundwater in the study area.

Pesticide contamination of groundwater results primarily from agricultural field applications, spills, misuse, or
improper storage and disposal of pesticides. In 1992 the Wisconsin Department of Agriculture, Trade and
Consumer Protection (DATCP) initiated a rural well sampling program for testing of atrazine, the most widely
used triazine herbicide in Wisconsin for weed control, primarily in corn. Triazine was detected in 63 of the
263 samples collected by DATCP in all of the counties within southeastern Wisconsin, except Milwaukee.*®
However, none of the samples were found to exceed the State drinking water standard. Data from the WDNR
GNR databases indicate that during the period 1998-2006, wells in the study area were sampled for 24 different
pesticides. The number of wells sampled varied by compound, ranging between 43 and 395 with a mean number
of 193. Most compounds were detected in fewer than 15 percent of the wells sampled. Ten of these compounds
were compared to preventive action limits and enforcement standards. Only one pesticide was found to exceed
either standard. Pentachlorophenol exceeded its preventive action limit in slightly over 2 percent of the wells
sampled. It did not exceed its enforcement standard in any well sampled. As previously noted, the GRN databases

%sharon Shaver, Investigation of Bacteriological Water Quality in Private Water Supply Wells in Waukesha
County, WDNR Report 1996. Data from WDNR Groundwater Retrieval Network (GRN) and Waukesha County
Environmental Health Department.

% Jon Standridge, Wisconsin State Laboratory of Hygiene data; Sharon Shaver, Ozaukee County GRN Data,
1990-1995.

%Centers for Disease Control, A Survey of the Quality of Water Drawn for Domestic Wells in Nine Midwestern
States, 1994.

“Charles A. Czarkowski, WDNR Drinking Water and Groundwater Expert, Public Water System database.
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do not include data from monitoring wells associated with some actions such as USEPA Superfund sites and some
contaminated groundwater remediation actions. Thus, these percentages may underestimate the extent of pesticide
contamination in groundwater in the study area.

The presence in certain locations of VOCs is also a cause of concern. Sources of VOCs include landfills, leaking
underground storage tanks, and spills of hazardous substances. Data from the WDNR GRN databases indicate that
during the period 1998-2006, wells in the study area were sampled for 101 different VOCs. The number of wells
sampled varied by compound, ranging between five and 1,089 with a mean number of 529. Most compounds
were detected in fewer than 10 percent of the wells sampled. For most compounds, preventive action limits and
enforcement standards were exceeded in less than 1 percent of the wells sampled. As previously noted, the GRN
databases do not include data from monitoring wells associated with some actions such as USEPA Superfund
sites and some contaminated groundwater remediation actions. Thus, these percentages may underestimate the
extent of VOC contamination in groundwater in the study area.

Natural sources of chloride in potable water, other than weathering of minerals, include atmospheric deposition
and connate water. Human and animal wastes, salt used for snow and ice removal, and water softening
contributions to wastewater are important sources of chloride in some areas. Because chloride is, itself, a possible
contaminant, and is also found in contaminants, such as wastewater and animal wastes, it is potentially useful as a
general indicator of groundwater contamination when it is present in greater-than-ambient concentrations.

Chloride concentrations in water from the aquifer systems in southeastern Wisconsin are commonly low.
Wisconsin’s secondary drinking water standards specify a maximum concentration of 250 mg/l for chloride in
drinking water. The standard is based on aesthetic (taste) considerations.

Concentrations of chloride in water from the shallow aquifer are generally from 10 to 30 mg/l in the Region;*®
however, limited areas of the Silurian dolomite aquifer have naturally occurring chloride concentrations which
exceed 100 mg/l. In addition, isolated areas of the sand and gravel aquifer have been found to have levels
exceeding the 250 mg/l standard due to contamination sources. As documented in previous sections of this
chapter, chloride concentrations in surface waters in the study area have been found to be increasing; however, no
specific data on trends in the concentration of chloride in groundwater are available.

Groundwater in the study area has also been examined for concentrations of inorganic compounds of public
health and welfare concern and for values of groundwater quality indicator parameters. Data from the WDNR
GRN databases indicate that during the period 1998-2006, wells in the study area were sampled for 47 different
inorganic compounds and indicator parameters. The number of wells sampled varied by compound, ranging
between one and 932 with a mean number of 277. On average, each compound or indicator parameter was
detected in about 67 percent of wells sampled. Of these compounds and indicator parameters, 25 were compared
to preventive action limits and enforcement standards. Methodologies for establishing preventive action limits
have been issued for an additional 11 of these compounds and indicator parameters; however, these standards
were not computed in the GRN databases. Preventive action limits were exceeded in at least some wells in the
study area for 20 inorganic compounds. The fraction of wells sampled that exceeded the preventive action limits
varied among the compounds, ranging from less than 1 percent to 69 percent of wells. Enforcement standards
were exceeded for at least some wells in the study area for 18 inorganic compounds. The fraction of wells
sampled that exceeded the enforcement standards also varied among the compounds, ranging from less than
1 percent to 56 percent of wells, with a mean value of about 4 percent. As previously noted, the GRN databases
do not include data from monitoring wells associated with some actions such as USEPA Superfund sites and some
contaminated groundwater remediation actions. Thus, these percentages may underestimate the extent of
inorganic compound contamination in groundwater in the study area.

190p A, Kammerer, Jr., Investigations Report 90-4171, op. cit.
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SUMMARY

The water quality inventory for the greater Milwaukee watersheds has been summarized by answering four basic
questions. The chapter provided information needed to answer these questions. More detailed information is
provided in SEWRPC Technical Report No. 39. The information is summarized below.

How Have Water Quality Conditions Changed Since 19757
Water quality conditions in the greater Milwaukee watersheds have both improved in some respects and declined
in other respects since 1975.

Improvements in Water Quality

Concentrations of several pollutants associated with combined sewer overflows, such as BOD, fecal coliform
bacteria, and ammonia, have decreased in much of the Kinnickinnic, Menomonee, and Milwaukee Rivers and in
much of the Milwaukee Harbor estuary. In addition, total phosphorus concentrations in much of the estuary have
also decreased. These reductions in nutrients and oxygen-demanding wastes have produced some improvements
in dissolved oxygen concentrations and in lower chlorophyll-a concentrations in the estuary. One important,
though not the only, factor responsible for these decreases is the reduction in combined and separate sewer
overflows resulting from construction and operation of MMSD’s inline storage system. These improvements also
likely reflect both changes in the types of industries present in the watershed, the connection of most process
wastewaters to the M