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Chapter |

INTRODUCTION

BACKGROUND

The inner and outer harbors of the City of Milwaukee, formed by the confluence of
the Milwaukee, Menomonee and Kinnickinnic Rivers with Lake Michigan and the break-
water at the mouth of the Milwaukee River are severely polluted. The water quality
in the harbor area creates obnoxious and unaesthetic conditions which impair use of
the water for sightseeing, picnicking, fishing, and as a proper aesthetic setting
for high-value urban land use development. The pollution of this area threatens
the safe use of the Lake Michigan beaches; may threaten the water supply intakes
of the City of Milwaukee, the Cities of Cudahy, Oak Creek, and South Milwaukee, and
of the tri-community water supply system servicing the City of Glendale and the
Villages of Fox Point and Whitefish Bay. The polluted condition limits the poten-
tial recreational use of the estuary in the downtown Milwaukee area. The polluted
conditions of the Milwaukee Harbor therefore constitute a threat to mnecessary and
desirable forms of water uses in the near-shore zone of Lake Michigan, the inner
and outer harbors, and to selected aspects of the fishery of Lake Michigan itself.

The inner and outer harbors constitute a 'freshwater estuary' of Lake Michigan.
The reaches of the Milwaukee, Menomonee, and Kinnickinnic Rivers comprising the
inner harbor, and the outer harbor formed by the breakwater are affected by the
backwater effects and water level variation in the main body of Lake Michigan, and
are herein referred to in general terms as a freshwater "estuary". This differs from
the more common use of the term "estuary," which is used more often with reference

to a marine, or saltwater, estuary. A more precise definition of this term is set
forth below.

In recognition of the pollution problems of the Milwaukee Harbor, the Common Council
of the City of Milwaukee, acting on July 24, 1973, formally requested the South-
eastern Wisconsin Regional Planning Commission, upon completion of comprehensive
studies of the Milwaukee, Menomonee, and Kinnickinnic River watersheds, to under-
take a comprehensive study of the Milwaukee Harbor estuary looking to the ultimate
resolution of the serious water pollution problems existing therein. The watershed
studies were completed and the reports published in October 1971, October 1976, and
December 1978, respectively. With the then-pending completion of the last of these
three watershed studies--the comprehensive study of the Kinnickinnic River water-
shed--the Commission, assisted by its Technical and Citizens Advisory Committee on
Coastal Management, prepared a prospectus for a planning program to define and
address the problems of the Milwaukee Harbor estuary, as well as the freshwater
estuaries of Sauk Creek, Oak Creek, Root River, Pike River, and Pike Creek.! This
prospectus was published in September, 1978 and transmitted to the concerned units
and agencies of government on December 12, 1978 for review and action.

'See Lake Michigan Estuary and Direct Drainage Areas Subwatershed Planning
Program Prospectus, September 1978, SEWRPC.




On March 20, 1979, the Common Council of the City of Milwaukee acknowledged receipt
of the Prospectus transmitted to them by the Commission, and reaffirmed the City of
Milwaukee's interest in the conduct of a study looking to the ultimate resolution of
the water quality problems in the Milwaukee Harbor estuary. On March 12, 1980, the
Wisconsin Department of Natural Resources (DNR), at the request of the U.S. Envi-
ronmental Protection Agency (EPA), submitted a federal assistance pre-application
for a proposed project '"Demonstration of the Resident Pollutant Impact on Milwaukee
Estuary Water Quality". The letter of intent described a tentative scope of work
along with associated work tasks and preliminary cost estimates of $1.7 million for
the preliminary proposal, and called for development of a final work plan agreeable
to the EPA and cooperating agencies. More recently, the Milwaukee Metropolitan
Sewerage District, working in its facilities planning activities through the DNR
and the EPA, has considered various alternatives for the control of combined sewer
overflows. These alternatives include sewer separation, and conveyance-storage-
treatment for the abatement of combined sewer overflows discharging to the Mil-
waukee Harbor estuary, and measures to resolve the in-place sediment pollution
problem of the estuary. In light of the concerns expressed by the City of Milwaukee
and the DNR, and the importance of the Milwaukee Harbor as a major source and loca-
tion of pollution on Lake Michigan; and in view of the need to better understand
the water quality effects of alternative water quality management measures in the
watersheds draining to the Milwaukee Harbor estuary, the U.S. Environmental Protec-
tion Agency on June 12, 1980 requested the Regional Planning Commission to prepare
a study design for a water resources planning and management program dealing with
the Milwaukee Harbor estuary. Therefore, the major purpose of this study design is
to set forth the scope and content of a study to define the water resources manage-
ment needs of the Milwaukee Harbor estuary, by extracting and refining where neces-
sary the pertinent aspects of the published Lake Michigan Estuary and Direct
Drainage Areas Subwatershed Planning Program Prospectus, and by extracting and
refining other sources of information concerning point and nonpoint source pollu-
tant effects on the estuarine ecosystem. Thus, this study design is set within the
context of the published Prospectus, and provides for the preparation of a major
subelement of the overall work program described in that Prospectus. The analysis
of the Milwaukee Harbor estuary subwatershed water resources problems is a major
undertaking in its own right, because of the technical complexity and magnitude of
the problems involved. It should be noted, however, that the undertaking of this
project would not preclude the conduct of estuary studies at some future date for
the other freshwater estuaries of the Region as they are recommended to be studied
according to the published Prospectus. Such study would, however, require an
expression of local interest and willingness to help fund the necessary work.

RELATIONSHIP OF REGIONAL PLANNING TO FEDERAL,
STATE, AND LOCAL RESOURCE MANAGEMENT PROGRAMS

Regional planning as conducted in southeastern Wisconsin has as one of its principal
objectives the integration of the land and water resource management programs of
various federal, state, and local units and agencies of government in order to
assure a coordinated approach to plan preparation and implementation and to the
resolution of areawide problems. For the Milwaukee Harbor estuary comprehensive
planning program, the attainment of this objective will require the identification
and definition of the pertinent water resources problems, the identification of the
sources of those problems, the identification and evaluation of alternative solu-
tions to these problems, the selection and recommendation of the best means of
resolving these problems, and the identification of the proper roles of appropriate



resource management agencies at all levels of government in the resolution of these
problems. By these means, the regional planning function can assist in coordinating
the roles of all the parties involved in the resolution of the problems of the
estuary. The development of this study design constitutes a first step in the
achievement of interagency coordination, on an areawide basis, toward addressing the
water resources management problems of the Milwaukee Harbor estuary. ’

LIMITS OF THE MILWAUKEE HARBOR ESTUARY

Because of the hydraulically complex character of the Milwaukee Harbor estuary, and
the engineered subsurface conduit systems which affect it, it is necessary to define
with precision certain terms required in any detailed consideration of a water
resources management planning program for the Milwaukee Harbor estuary. Accordingly,
definitions of key terms used within this study design are set forth in Appendix A.
Perhaps the singularly most important definition is that applied to the Milwaukee
Harbor estuary. The Milwaukee Harbor estuary is herein defined as the lower reaches
of the Kinnickinnic, Milwaukee, and Menomonee Rivers wherein the flow and quality of
river waters are influenced by Lake Michigan to create a distinct environment
containing characteristics of both the rivers and of Lake Michigan, together with
that portion of Milwaukee Bay contained within the Milwaukee Harbor breakwater. This
excludes the anchorage area protected by the offshore breakwater south of E. Lincoln
Avenue extended. Under this definition, the Milwaukee Harbor estuary--as shown on
Map 1--is located entirely within the City of Milwaukee, and is inclusive of the
three-mile reach of the Milwaukee River below the North Avenue dam, the 2.2-mile
reach of the Menomonee River below the Falk Corporation Dam, and the 1.7-mile reach
of the Kinnickinnic River below the Chase Avenue bridge together with the outer
harbor. It is recognized that under some conditions the backwater influence of the
estuary may extend above the Falk Corporation Dam and Chase Avenue bridge. The
harbor itself is bounded by the Becher Street bridge on the Kinnickinnic River, S.
25th Street extended on the Menomonee River, the North Avenue dam on the Milwaukee
River, and the breakwater which shelters the outer harbor. The Milwaukee Harbor
estuary, as defined, has a total length of stream of 6.9 miles, and a total area of
approximately 1,630 acres of surface water. The area draining to this estuary by
direct surface runoff, by storm sewer, or by combined storm and sanitary sewer is
defined as the Milwaukee Harbor estuary subwatershed. The subwatershed area is
delineated on Map 1, and totals 24.9 square miles, or 15,940 acres, in areal extent.

In preparing this definition, there are several important considerations which were
recognized by the Commission:

(1) In the conduct of the Commission's previous studies of the Milwaukee, Men-
omonee, and Kinnickinnic River watersheds, floodland and water quality
analyses were conducted for the stream reaches extending as far down-

stream as the North Avenue dam, the Falk Corporation Dam, and 5. Chase
Avenue, respectively.

(2) During all conditions the backwater influence of Lake Michigan can extend
only to the North Avenue dam which clearly demarks the upper end of the
estuary in the Milwaukee River valley. During low-flow and normal flow
conditions, the influence of Lake Michigan extends up the Menomonee River
to the Falk Corporation Dam. However, during high water conditions of Lake
Michigan when the Falk Corporation Dam is overtopped, the U.S. Geological
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Survey has reportedly observed, during streamflow gaging activities, back-
water effects from Lake Michigan as far upstream as 4lst Street extended.
The Milwaukee Metropolitan Sewerage District during high water conditions
has observed backwater effects on the Kinnickinnic River as far upstream
as S. 6th Street, about 1.1 miles upstream of W. Becher Street, the normal
limits of such effects.

(3) In the development of its facilities plans, the Milwaukee Metropolitan
Sewerage District has refined and detailed the delineation of the combined
sewer service area. This resulted in the refined Milwaukee Harbor estuary
subwatershed boundaries used herein.

Thus, it may be concluded that under most conditions, the navigability, hydraulic
backwater pool, and aquatic habitat features of the estuary terminate at the study
limits as described above and on Map 1. While the definition of the Milwaukee Harbor
estuary, as used in previous SEWRPC studies, together with the boundaries of its
subwatershed as described above would be subject to refinement based upon data
assembled under the proposed study, they provide an adequate definition for the
development of this study design and the initiation of the study. Any redefinition
will require substantial further technical analysis of inventory data collected
under the water resources management study itself.

PURPOSE AND ORGANIZATION OF STUDY DESIGN

The major purpose of this study design is to provide a working outline for a pro-
posed comprehensive planning study of the Milwaukee Harbor estuary; to serve as a
basis for local, state and federal funding for such a study; and to serve as the
framework for the initiation and conduct of the work program of the study. This
study design addresses the water resources problems of the inner and outer harbors,
and recognizes the mnecessity and importance of identifying and quantifying the
impacts of both the riverine and the lake backwater effects on water levels and
water quality. In view of the complexities and costs of analyzing conditions in
the Lake Michigan near-shore zone, and in view of the broader community of
interests involved in and concerned over the conditions of the near-shore zone, such
conditions will be addressed in the proposed study only to the extent necessary to

properly defind the boundary conditions at the eastern limits of the Milwaukee
Harbor estuary study area.

It is not contemplated that this study design will provide complete and detailed
guidance for every aspect of the proposed study. Rather the study design is intended
to serve as a general work plan which should be followed closely, but which would
leave selected details involved in the conduct of tasks to be resolved step by step
as the work proceeds. In some cases, such detail is sufficiently tedious to be logi-
cally excluded from this study design. In other cases such detail cannot logically
be prepared with any degree of confidence until after the initiation of the full
technical work to be undertaken in the study itself. In yet other cases, the detail
must necessarily be developed by the investigator or contractor for a given work
element, in order to provide the final product of each investigation as specified in
this study design.

Accordingly, the study design has been prepared in seven chapters. Following this
introductory chapter, the second chapter presents a summary of the pertinent studies



conducted previously or currently underway which are related to the the water
resources problems of the Milwaukee Harbor estuary. The third chapter sets forth the
objectives of the proposed comprehensive planning study for the Milwaukee Harbor
estuary. The fourth chapter presents the major work elements which need to be under-
taken in the study; interrelates those work elements one to another; describes the
data which would be obtained, the methods and procedures by which the data would be
analyzed, and the resulting product; and groups the work tasks into various logical
steps to be undertaken by various participating units or agencies of government.
The fifth chapter proposes a logical organization for the conduct of the study,
including the relationship and involvement of various agencies and units of govern-
ment. The sixth chapter presents the estimated costs, by major work element, of the
proposed study. The seventh and final chapter summarizes all of the information
presented in the study design.



Chapter |1

RELATED STUDIES OF THE MILWAUKEE HARBOR ESTUARY

INTRODUCTION

The purpose of this chapter is to present selected pertinent information from all
known studies of water quality in the Milwaukee Harbor estuary, published and unpub-
lished. International, federal, state, and local government studies are discussed.
Some studies involved multiple agency participation. For each study the period of
the study is presented along with a discussion of the objectives, data collected,
interpretive analyses made, findings, and conclusions and recommendations. Unpub-
lished material is described in more detail than published material which is more
readily accessible. Some published material is also described in additional detail
when the level of sophistication is relatively high, and when it is deemed that fur-
ther work of the same nature may not be necessary to characterize existing condi-

tions in the estuary or a part of the estuary for a given parameter or set
of parameters.

The estuary related studies of the U. S. Army Corps of Engineers, the National Oce-
anic and Atmospheric Administration, the U. S. Geological Survey, the U. S. Environ-
mental Protection Agency and its predecessors, the International Joint Commission,
the Wisconsin Department of Natural Resources, the Milwaukee County Department of
Parks, Recreation, and Culture, the Milwaukee Metropolitan Sewerage District, the
City of Milwaukee, the University of Wisconsin at Milwaukee, the University of Wis-
consin at Madison, and the Wisconsin Electric Power Company are all addressed as are
certain relevant studies of other private and public agencies. Other agencies which
were contacted but whose work is not included because of the lack of water quality
related activities relevant to the estuary study design include the U.S. Public
Health Service, the U.S. Soil Conservation Service, the Wisconsin Department of
Transportation, the Wisconsin Public Service Commission and U. S. Bureau of Outdoor
Recreation and its successor agency.

SOUTHEASTERN WISCONSIN REGIONAL
PLANNING COMMISSION WORK PROGRAMS

The work of the Southeastern Wisconsin Regional Planning Commission conducted since
1960 has included four programs of importance to the study of water quality condi-
tions in the Milwaukee Harbor estuary. These programs include the comprehensive
studies conducted of the Milwaukee, Menomonee, and Kinnickinnic River watersheds,
and the regional water quality management planning program. In addition to
producing specific elements of the comprehensive regional plan, each of these
programs, which are described below, set forth important assumptions and provided
valuable information regarding the "boundary conditions" which must of necessity be
considered in the development of any study of the Milwaukee Harbor estuary.

Comprehensive Plan for the Milwaukee River Watershed

The comprehensive study of the Milwaukee River watershed was initiated in October
1967 and completed in October 1971. The findings and recommendations were published
in SEWRPC Planning Report No. 13, A Comprehensive Plan for the Milwaukee River




Watershed, Volume One, Inventory Findings and Forecasts, published in September
1970, and Volume Two, Alternative Plans and Recommended Plan, published in October
1971. The planning program was conducted by the Regional Planning Commission with
financial assistance from the Wisconsin Department of Natural Resources, U.S.
Department of Housing and Urban Development, and the U.S. Environmental Protection
Agency. The specific objectives of the planning program included the abatement of
flood damage; the protection of floodlands from incompatible development; the abate-
ment of water pollution; the preservation of land for parks and open space; and the
promotion of wise and judicious use of the land and water resources of the water-
shed. Thus, the plan included recommendations for the abatement of flooding and
for water quality enhancement. The study specifically did not include the estuary
portion of the river except with respect to flooding and combined sewer over-
flow abatement.

The watershed study, of necessity, addressed the amounts and temporal distribution
of streamflow in the river. This resulted in a characterization of both the high
flow and low flow hydrology of the Milwaukee River itself throughout the entire
watershed upstream from the North Avenue dam. In addition to the characterization
of the quantity of water in the Milwaukee River, the watershed study also addressed
the quality of streamflow, again upstream from the North Avenue dam. The watershed
study relied upon water quality data from the following sources:

1. The Commission monthly stream water quality sampling program conducted at
12 sampling sites in the watershed for the period January 1964 through
February 1965. All sampling sites were located upstream from Milwaukee
County.

2. The continuing water quality sampling program of the Commission conducted
twice a year at 12 stations within the watershed over the period from 1964
through 1970.

3. The Wisconsin Department of Natural Resources water quality surveys con-
ducted in the watershed during the period from 1966 through 1968.

4. The Department of Natural Resources long-term water quality monitoring
station on the Milwaukee River at Brown Deer Road, including monthly
samples analyzed for 20 indicators taken over the period from May 1961
through 1970.

5. Special intensive water quality sampling efforts conducted by the Commis-
sion through its consulting engineers, Harza Engineering Company, during
the periods April 29 through May 3, 1968; and July 27 through August 7,
1968.

6. Samples obtained by the Milwaukee Metropolitan Sewerage District (MMSD)
laboratory staff during stream surveys along Lincoln Creek and the Milwau-
kee River within Milwaukee County during the period from May 1 through
November 30, of each year from 1946 to 1968.

7. Samples obtained by the City of Milwaukee through its consulting engi-
neers, Consoer, Townsend and Associates, in cooperation with Marquette
University water quality sampling efforts conducted at five locations
along the Milwaukee River upstream from the North Avenue Dam during 1967



and 1968, as part of a federal water pollution control administration
demonstration project which included the evaluation of a combined sewer
overflow control system at N. Humboldt Avenue in the City of Milwaukee.

SEWRPC Planning Report No. 13, Volume One in Tables 64, 65, and 66 summarizes the
above data listing the total number of samples at each sampling site and maximum,
minimum, and average values for water temperature, dissolved oxygen, biochemical
oxygen demand (BOD), total and soluble phosphorus, nitrate nitrogen, chloride, and
coliforms. Twenty-nine sites were sampled on the main stem of the Milwaukee River,
with seven sites in Milwaukee County at County Line Road, Brown Deer Road, Green
Tree Road, Silver Spring Drive, upstream and downstream from the Estabrook Park dam,
and upstream from the North Avenue dam. Additional details about the SEWRPC water
quality monitoring program can be found in Volume One of SEWRPC Planning Report No.

13. The DNR and MMSD water quality monitoring data are further described later in
this chapter.

The study indicated that the stream water quality conditions in the watershed varied
greatly, with the level of water quality of the watershed being relatively better
than that of some of the other watersheds in the Region, particularly the Root and
the Fox River watersheds. However, the study indicated that the then-existing
stream water quality conditions generally did not meet the standards attendant to
the State established water use objectives. The study also indicated that stream
water pollution was particularly severe below the Milwaukee County line, and that
the Milwaukee River and its tributaries in the County could be considered to be
grossly polluted. The study identified, quantified, and evaluated all major sources
of stream water pollution. Analyses indicated that a high proportion of the total
load of pollutants to the watershed was contributed below the Milwaukee County line
and that a substantial amount of pollution was contributed by the sewerage system
flow relief devices--both separate and combined--in the watershed. The plan deve-
loped recommendations for the cost-effective abatement of both point source and non-
point source pollution in the watershed.

Analyses were conducted to determine the most cost effective solution to the pollu-
tion and public health problems caused by the sewerage system flow relief devices
with particular emphasis on the abatement of combined sewer overflows. Based upon
the screening and analysis of 15 alternatives, the plan recommended the combination
of deep tunnel mined storage/flow-through treatment be implemented as a major water
pollution abatement plan element for the watershed. The plan recommended and des-
cribed a proposed preliminary engineering study which would refine and detail the
watershed study recommendation in a subsequent document prepared by the Commission
at the request of the Milwaukee Metropolitan Sewerage District. This recommendation
was further detailed in a document entitled, Prospectus for Preliminary Engineering
Study for the Abatement of Pollution from Combined Sewer Overflow in the Milwaukee
Metropolitan Area, published in July of 1973, which provided the basis for the

initiation of studies conducted by the Milwaukee Metropolitan Sewerage District
starting in 1974,

Comprehensive Plan for the Menomonee River Watershed

The comprehensive study of the Menomonee River watershed was initiated in March 1972
and completed in October 1976. The findings and recommendations were published in
SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Water-
shed, Volume One, Inventory Findings and Forecast; and Volume Two, Alternative Plans
and Recommended Plan, published concurrently in October 1976. The planning program




was conducted by the Regional Planning Commission with financial assistance from
the Wisconsin Department of Natural Resources, the U.S. Department of Housing and
Urban Development, and the U.S. Environmental Protection Agency. The specific
objectives of the planning program were the abatement of flood damages, the abate-
ment of surface water pollution problems, and the preservation of land for parks and
open space. Therefore, the plan included recommendations for the abatement of
flooding and water pollution and for natural resource conservation, and park and
open space acquisition and development. The study specifically did not include the
estuary portion of the river except with respect to flooding and combined sewer
overflow abatement.

The watershed study, of necessity, addressed the amounts and temporal distribution
of streamflow in the river. This resulted in a characterization of both the high
flow and low flow hydrology of the Menomonee River itself throughout the entire
watershed upstream from the low head dam owned by the Falk Corporation and located
near the 27th Street bridge in the City of Milwaukee. In addition to the quantity
of water, the watershed study also addressed the quality of stream flow. The water-
shed study relied upon water quality data from the following sources:

1. The Commission stream water quality sampling program conducted at 12 sam-
pling sites in the watershed above 70th Street for the period from 1964
through February 1965.

2. The continuing water quality sampling program of the Commission conducted
twice a year at 12 stations in the watershed over the period from 1968
through 1974, including a once yearly 24-hour survey starting in 1970.

3. The Wisconsin Department of Natural Resources (DNR) water quality surveys
conducted in the watershed in 1951, 1952-1953, 1962, 1966-1967, and 1968-
1969. The surveys conducted in the Milwaukee County portion of the water-
shed are further described later in this chapter.

4. The eutrophic evaluation study conducted from April 1968 to December 1969
by Professor A. Zanoni of Marquette University and published as "Eutrophic
Evaluation of a Small Multi Land Use Watershed", a UW Water Resources
Center Technical Report in June 1970.

5. A creosote pollution study conducted in 1972 by the Citizens for the Men-
omonee Restoration, Inc. on the Little Menomonee River.

6. Wisconsin Department of Natural Resources preliminary International Joint
Commission Pilot Study of the Menomonee River Watershed for 1973 and 1974.

7. Special synoptic water quality surveys conducted on two 24-hour periods in
1973 and one 24-hour period in 1974, as part of the watershed study by the
Commission through the Wisconsin Department of Natural Resources and the
U.S. Geological Survey.

The data for the above-listed projects are described in SEWRPC Planning Report No.
26, Volume One in Chapter 7 and Appendices C, D, and E. Data are on file at SEWRPC.

The study indicated that the streams of the watershed were generally polluted as a
result of pollutants contributed by municipal sewage treatment plants, sanitary and
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combined sewerage system flow-relief devices, industrial discharges, urban storm
water runoff, and agricultural and other rural runoff. The study indicated the
importance of diffuse or nonpoint source pollution and its extensive impact upon
the water quality of the watershed. The study further identified the existence
of relatively high levels of soil erosion within the watershed, which was attrib-
uted in a large part to the urbanizing nature of the watershed, as contributing to
problems of water quality, navigation and maintenance, and unstable channel condi-
tions throughout the watershed. Severe pollution in the watershed was found to
exist with respect not only to the conventional pollution indicators, such as dis-
solved oxygen, fecal coliform, and nutrient pollution, but also in the presence of
toxic and hazardous materials such as heavy metals and creosote. The study further
documented wide variation in water quality conditions as well as the severe limita-
tions in use of the Menomonee River and its tributaries as a result of the water
quality problems.

The plan developed recommendations for the cost effective abatement of both point
source and nonpoint source pollution in the upper and lower watersheds. The analy-
ses conducted indicated the most cost effective solutions to the pollution and
public health problems caused by these pollution sources. The recommended plan
proposed the abatement of water pollution problems through the abandonment of four
then remaining municipal sewage treatment plants in the watershed, the abatement of
combined sewer overflows, the gradual elimination of separate sewer flow relief
devices, the gradual elimination of industrial wastewater discharges through the
Wisconsin Pollutant Discharge Elimination System, the abatement of the creosote
pollution problem in the Little Menomonee River by the excavation of a new channel
and filling of existing channel to reestablish a safe and healthy stream channel,
the extension of sanitary sewer service to additional urban development during the

plan period, and implementation of urban and rural nonpoint source water pollution
control measures.

Comprehensive Plan for the Kinnickinnic River Watershed

The comprehensive study of the Kinnickinnic River watershed was initiated in July
1976 and completed in December 1978. The findings and recommendations were pub-
lished in SEWRPC Planning Report No. 32, A Comprehensive Plan for the Kinnickinnic
River Watershed, published in December 1978. The planning program was conducted by
the Regional Planning Commission with the local source of funding being provided by
the Milwaukee County Board of Supervisors, and with financial assistance from the
Wisconsin Department of Natural Resources and the U.S. Department of Housing and
Urban Development. The specific objectives of the planning program were the
mitigation of existing flood problems and minimization of future flood problems,
abatement of existing water quality problems, prevention of future water quality
problems, and refinement and adjustment to the regional land use plan to properly
relate land use decisions to the water resources system. Therefore, the plan
included recommendations for the abatement of flooding and water quality problems
and related land and other natural resource conservation problems of the watershed.
The study specifically did not include the estuary portion of the river, except with
respect to flooding and combined sewer overflow abatement.

The watershed study therefore addressed the amounts and temporal distribution of
streamflow in the river resulting in a characterization of high flow and low flow
hydrology of the Kinnickinnic River. In addition, the watershed study also

addressed the quality of streamflow. The watershed study relied upon water quality
data from the following sources:
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1. The City of Milwaukee Engineers' reports concerning the Kinnickinnic River
flushing tunnel, prepared in 1908 and 1954.

2. The City of Milwaukee Port and Park Commissioners Study published in 1932.

3. The Wisconsin Department of Natural Resources (DNR) River Basin Surveys
conducted in 1952-1953 and in 1968.

4. The Commission streamwater quality sampling program conducted at one
sampling site in the watershed for the period from April 1964 to Feb-
ruary 1975.

5. The continuing water quality sampling program of the Commission con-
ducted twice a year for one station within the watershed over the period
from 1968 through 1976, including a once yearly 24-hour survey starting
in 1970.

6. Milwaukee Metropolitan Sewerage District (MMSD) survey of 1967.

7. City of Milwaukee Health Department reports concerning the effects of the
flushing tunnel prepared in 1970 and 1974.

8. DNR Basin Surveys of Toxic and Hazardous Substances conducted in 1975
and 1976.

9. The Commission special water quality index monitoring program for the
areawide water quality management planning program conducted in 1976
and 1977.

10. DNR study of Mitchell Field storm water runoff characteristics in 1977.
11. The City of Cudahy Health Department study conducted in 1977.

The data for the above-listed projects are described in Chapter 7 of Planning Report
No. 32 are on file at SEWRPC. Additional discussion of water quality surveys by the
DNR and MMSD are provided later in this chapter.

The study indicated that the stream water quality conditions in the watershed varied
greatly and were in part attributable to storm water runoff characteristics within
the watershed. The study also indicated that the amount of pollutant mass trans-
ported during wet weather was significantly greater than was the associated increase
in concentrations. The study also indicated the presence of substantial concentra-
tions of heavy metals, as well as indications of the presence of industrial organics
and pesticides. The study also indicated that water quality benefits are derived
from the operation of the flushing tunnel; that water chemistry parameters indicate
substandard water quality conditions for the support of warmwater fish and aquatic
life in many reaches during many times of the year; that the biological community in
the Kinnickinnic River was indicative of severely polluted conditions, and may be
representative of a condition in which toxic substances are sometimes present,
therefore precluding the sustained maintenance of a warm water fishery and other
aquatic life. The study further indicated that the extensive channelization in the
watershed as well as the discharges of raw sanitary sewage were also important fac-
tors in the limitations of the water quality conditions of the watershed. The study




identified, quantified, and evaluated all major sources of stream water pollution.
Analyses indicated the importance of diffused, or nonpoint, sources of water pollu-
tion accounting for 20 to 90 percent of the loads of various pollutants to the sur-
face waters of the watershed. The critical role of the combined sewer overflows as
a major source of water pollution was noted.

Analyses were also conducted to determine the most cost effective solution to the
pollution and public health problems caused by the pollution sources in the water-
shed including the nonpoint source pollution. The plan recommended elimination of
combined sewer overflows, the elimination of separate sanitary sewer system flow
relief devices, the gradual abatement of pollution from the 60 industrial dis-
charges, an approximately 25 percent reduction in nonpoint source pollution, imple-
mentation measures to control additional sources of toxic and hazardous substances
including accidental spills and intermittent discharges of such materials.

Regional Water Quality Management Plan

The regional water quality management planning program was initiated in July 1975
and completed in June 1979. The findings and recommendations were published in
SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for South-
eastern Wisconsin: 2000, Volume One, Inventory Findings, Volume Two, Alternative
Plans, and Volume Three, Recommended Plan, published in September 1978, February
1979, and June 1979, respectively. The planning program was conducted by the
Regional Planning Commission with financial assistance from the Wisconsin Department
of Natural Resources and the U.S. Environmntal Protection Agency. The specific
objectives of the program were the full integration of water quality management
planning with regional land use planning; development of an areawide water quality
management planning program as required under Section 208 of Public Law 92-500;
extension, revision, and refinement as necessary of the previously adopted watershed
and regional sanitary sewerage system plans of the Commission; preparation of a
sludge management plan element; coordination and integration of facility planning
for municipal wastewater conveyance and treatment facilities; and establishment of
a continuing regional water quality management planning program. Of particular
importance to the Milwaukee Harbor estuary study is the fact that the regional water
quality management planning program did not address Lake Michigan or the fresh water
estuaries of the rivers of southeastern Wisconsin.

The regional water quality management planning program addressed the levels, spatial
distribution, and temporal distribution of water quality conditions in the 1,180
miles of continuous stream and in 100 major lakes in the Region. This provided
characterization of both high-flow and low-flow conditions, particularly in the
three rivers tributary to the Milwaukee Harbor estuary and, through the use of a
continuous hydrologic-hydraulic water quality simulation model, provided an
important characterization of the dynamic conditions of these inflowing rivers. The
planning program relied upon water quality data from the following sources:

1. The Commission stream water quality sampling program conducted monthly at
87 sampling sites for the period from January 1964 through February 1965.

2. The continuing water quality sampling program of the Commission conducted

two times per year at 87 stations over the period from 1968 through 1976
including a once yearly 24-hour survey starting in 1970.
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3. The water quality information developed in previous watershed planning
programs of the Commission as discussed under the comprehensive watershed
planning studies noted above.

4. The Commission Index Site Sampling Program conducted by the Wisconsin
Department of Natural Resources (DNR) in 1976 and 1977 under contract to
the Commission as part of the regional water quality management planning
program itself,

5. The DNR water quality surveys conducted in the Region's watersheds during
the period from 1952 through 1976.

6. The City of Milwaukee Health Department water quality sampling data col-
lected from 1965 through 1975.

7. The Milwaukee Metropolitan Sewerage District (MMSD) water quality sampling
data obtained over the period 1965 through 1976.

The data from the above-listed projects are described in SEWRPC Technical Report No.
21, Sources of Water Pollution in Southeastern Wisconsin: 1975 and are on file at
SEWRPC. Additional descriptions of water quality surveys by the City of Milwaukee
Health Department, the DNR, and MMSD are provided later in this chapter.

The study indicated that the stream water quality conditions in the Region did not
generally meet the state and federally established water use objectives and support-
ing water quality standards. Moreover, the study indicated that over the period
since 1964, at which time the Regional Planning Commission sampling programs had
been initiated, there had been a subtle but widespread decline in water quality
conditions in the Region despite the existence of certain specific stream reaches
which had improved as a result of point source pollution control actions. Taken
together with the results of the extensive pollution source inventory conducted as
part of the planning program, these results indicated that the abatement of nonpoint
sources of water pollution is of critical importance in the attainment and mainten-
ance of water quality standards in the lakes and streams in the Region, including
the Milwaukee, Menomonee, and Kinnickinnic River watersheds. Studies clearly indi-
cated the relative severity of the pollution in these three rivers at the lower ends
of their watersheds both on the basis of in-stream sample data and on the basis of
the available pollution source loading estimates. Evaluation of the future actioms
necessary to abate water pollution in the Region further confirmed the importance
and sensitivity of water quality conditions to nonpoint source as well as point
source water pollution, both of which must be controlled to improve water quality.
In the conduct of analyses to determine the most cost-effective solutions to the
water quality problems in the Region, the planning program indicated that wvarious
levels of nonpoint source water pollution control would be required in various por-
tions of the three watersheds tributary to the Milwaukee Harbor estuary. For the
control of combined sewer overflows and the control of nonpoint sources of water
pollution in the combined sewer service area of Milwaukee and Shorewood, the plan
assumed the construction of deep tunnel conveyance, storage, and treatment facili-
ties in lieu of land management practices which would otherwise be required to be
applied within this area. This recommendation was incorporated into the regional
water quality management plan pending the completion and adoption by all parties
concerned of the water pollution abatement plan of the Milwaukee Metropolitan Sewer-
age District.
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U.S. DEPARTMENT OF THE ARMY, CORPS OF ENGINEERS

Studies conducted or ongoing that are relevant to the Milwaukee Harbor estuary
study design are primarily concerned with harbor dredging and spoils disposal; Great
Lakes water level measurements and forecasts; certain research conducted by the
Coastal Engineering Research Center; and regulatory activities under Sections 9 and
10 of the federal Rivers and Harbors Act of 1899, under Section 404 of the federal

Water Pollution Control Act and under the general and nationwide permit programs of
the Corps.

Harbor Dredging and Spoils Disposal

The Federal Navigation Project, Milwaukee Harbor, Wisconsin, is funded by appropria-
tions from Congress, and is an ongoing project. The objective of the project is to
provide dredging for navigation purposes, and to maintain and repair the breakwater
which forms the outer harbor. Congressionally designated federal channels are
authorized for maintenance dredging and are shown on Map 2. Dredging depths are
currently maintained to 26 feet. Dredging operations are conducted on the average
about two times in every three years. Annual dredging averages about 100,000 cubic
yards. Spoils have, since the spring of 1976, been placed in a confined spoils
disposal facility located at the south end of the outer harbor. The effluent of
this facility, which consists of excess water draining from the spoils placed in the
facility, is to be monitored during dredging operations and a short time thereafter
to determine chemical quality as requested by the U. S. Environmental Protection
Agency. Such a monitoring effort was conducted in the spring of 1976. The data
from this sampling program were not published but are on file at SEWRPC. Water
quality parameters monitored are listed in Table 1. Plots of concentration versus
time throughout the sampling period were prepared by the contract laboratory for
each of the water quality parameters for the Corps of Engineers and are on file at
SEWRPC. Sediment samples were also taken inside the disposal facility and at num-
erous locations in the inner harbor. Sediment quality parameters monitored are
listed in Table 2. Macroinvertebrate samples were taken in the outer harbor near
the spoils disposal facility in June 1976 using an Ekman grab sampler at two sites.
Six samples were taken yielding about 14,000 organisms. Table 3 lists the types and
numbers of macroinvertebrates found. Map 3 shows the locations of the water
quality, sediment quality, and macroinvertebrate sampling sites. PCB water column
concentrations ranged from a trace--less than 0.1 part per billion (ppb)--to as high
as 7.64 ppb during the sampling period which preceded, coincided with, and followed
the dredging period. PCB concentrations in the bottom sediments ranged from 7.58 to
96.3 ppb.

A draft environmental statement prepared by the Chicago District of the Corps in
July 1973 for the maintenance dredging program contains bottom sediment sampling
data for the inner harbor in the Menomonee and Kinnickinnic River channels collected
April 24, 1968.' Nine sites were sampled (see Map 3), three sites being in the
federal channel in the Kinnickinnic River, and six in the federal channel in the
Menomonee River. The Draft Environmental Statement provides detailed descriptions
of the sampling site locations and field descriptions of the physical characteris-
tics of the bottom sediments collected at all nine sites, along with water depth at

‘W.S. Army Corps of Engineers, Chicago District, "Draft Environmental State-
ment--Maintenance Dredging at Milwaukee Harbor, Wisconsin," July 1973.
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Map 2

LOCATION OF FEDERAL CHANNELS IN MILWAUKEE HARBOR
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Table 1

LIST OF WATER QUALITY PARAMETERS AND PERIODS MONITORED
BY THE U.S. ARMY CORPS OF ENGINEERS IN THE VICINITY
OF THE OUTER HARBOR DREDGE SPOILS DISPOSAL FACILITY

DURING THE SPRING OF 1976

Parameters Monitored April 12-June 182
Suspended Solids Oil and Grease
Turbidity PCB'sb
Temperature Chlorides
Specific Conductance Sulfates
pH Zinc
Dissolved Oxygen Cadmium
5-day Biochemical Oxygen Nickel
Demand (BOD) Manganese
Ammonia Arsenic
Total Kjeldahl Nitrogen Chromium
Total Inorganic Nitrogen Mercury
Total Phosphorus Lead
Ortho-Phosphorus Copper
Fecal Coliforms

aThirty vertical composite measurements for each of these parameters were made,
with sampling intervals averaging 2 to 3 days. Specific dates, times, and locations
of sampling are included with the data which are on file at SEWRPC.

b

PCB's were sampled during the period March 25 through June 18, 1976 with a total

of 303 samples taken. Specific dates, times, and locations of sampling are on file at
SEWRPC.

Source: U. S. Army Corps of Engineers' unpublished data, on file at SEWRPC.
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Table 2

LIST OF SEDIMENT QUALITY PARAMETERS AND PER!ODS
MONITORED BY THE U.S. ARMY CORPS OF ENGINEERS
IN THE INNER HARBOR DURING THE SPRING OF 1976

Parameters Monitored April 14-June 182

PCB's? . Zinc

Total Solids Cadmium
Volatile Solids Nickel
Ammonia Manganese
Total Kjeldahl Nitrogen Arsenic
Total Inorganic Nitrogen Chromium
Total Phosphorus Mercury
Ortho-Phosphorus Lead

Oil and Grease Copper
Sulfates

94 total of 10 measurements were made for each of these parameters with sampling
intervals averaging about one week. Specific dates of sampling are on file at
SEWRPC. Sampling locations are shown on Map 3. '

bPCB’s were sampled during the period April 23 through June 16, 1976. A total of 8

samples were taken at about weekly intervals. Specific dates of sampling are on file
at SEWRPC. Sampling locations are shown on Map 3.

Source: U. S. Army Corps of Engineers, unpublished data, on file at SEWRPC.
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Table 3

BENTHIC MACROINVERTEBRATES FOUND IN THE OUTER HARBOR
IN THE VICINITY OF THE DREDGE SPOILS DISPOSAL
FACILITY JUNE 23, 1976 BY THE U.S. ARMY CORPS OF ENGINEERS

Number Found

Sample Site?

Macroinvertebrate 3M ™
DIPTERA (flies)

Culex ...t 82’ 0

Chironomus................. 44 0
CRUSTACEA

Asellus ........ ... ... 48 108

Gammarus «...o. ., 4 0
HIRUDINEA (leeches)......... 16 1
BIVALVIA (clams)

Spaerium ............. . ..... 112 344
GASTROPODA (snails)

Bulimus ....... ... ... .. ... 12 0

Valvata......... ... ........ ) 0 16

OLIGOCHAETA (earthworms)¢
Limnodrilus and
Potamothrix ................ 6,000 7,200

“See Map 3 for sampling site locations. At each site 6 samples were taken
using a 6' x 6' Ekman grab sampler.

Larvae.

“The majority of the oligochaetes were limnodrilus.

Source: U.S. Army Corps of Engineers' unpublished data, on file at SEWRFPC.
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Map 3

LOCATIONS OF WATER AND SEDIMENT QUALITY AND BENTHIC
MACROINVERTEBRATE MONITORING SITES SAMPLED IN
1968, 1969, AND 1976 FOR DREDGING PERMIT
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each location. Table 4 presents the results of chemical and physical analyses per-
formed on the bottom sediments at three of the sampling sites for 20 parameters.
The Corps of Engineers concluded that the bottom sediments collected in the Kinnic-
kinnic River federal channel were "severely polluted by domestic sewage' and unsuit-
able for disposal in Lake Michigan. It was concluded that bottom sediments in the
Menomonee River federal channel were "severely polluted by oil and domestic sewage"
and unsuitable for disposal in Lake Michigan.

An amendment to the Federal Navigation Project was proposed by a report prepared
by the Chicago District of the Corps of Engineers in March 1974 entitled Review
Report-Milwaukee Harbor, Wisconsin. The study was requested by the City of Mil-
waukee through the Board of Harbor Commissioners and was authorized and funded by
Congress on December 11, 1969. The purpose of the project was to improve commercial
navigation in the outer north harbor to provide access to proposed general cargo
terminal facilities. Alternative plans were developed for the consideration of
the City of Milwaukee and a recommended plan was selected. The recommended plan
included a 65-acre contained dredge spoils facility located in the harbor adjacent
to the existing shoreline just north of the mouth of the Milwaukee River. A chan-

nel to be maintained to a depth of 28 feet would provide access to a proposed term-
inal facility.

Data collected during this study relevant to the Milwaukee Harbor study design were
gathered by the Corps and the federal Water Pollution Control Administration
(FWPCA). The Corps made a lead-line sounding survey during July and August of 1971
for the project area, with a total of 39 probings. Contour maps of depth to hard
material and depth to point of refusal, that is, the limits of effective ability to
drive the probes, were prepared and are included in the Corps report on Plates B-1
and B-2, respectively.? The FWPCA in November 1969 took five sediment cores in
the project area (see Map 3). The cores sampled the top two and one-half to three
feet of the bottom sediments. Table 5 lists the sediment quality parameters and
presents the results of the chemical analyses. The Review Report-Milwaukee Harbor,
Wisconsin also includes physical descriptions of these sediment cores. The FWPCA
described the top silty layer of the sediments as "heavily" polluted and the under-
lying clay as "moderately" polluted, and consequently ruled that open-lake disposal
of dredge materials from the proposed project should not be permitted.

- The environmental impacts of the proposed navigation project were reported to be
"alteration of bottom sediments, disruption of the benthic community residing on or
in the sediments to be excavated, the creation of minor turbidity plumes during
excavation operations, reintroduction of some biostimulants and toxic pollutants
from existing bottom sediments into the aquatic enviromment, and conversion of 65
acres of aquatic habitat to terrestrial environment.' These impacts were assumed by
the Corps of Engineers to be either temporary or minor and therefore not significant
enough to jeopardize the proposed project.

The study report concluded that the project was economically justifiable and rec-
ommended implementation. The City of Milwaukee, however, concluded that effects
upon recreation would be detrimental, primarily because land would be taken from use
by the annual "Summerfest' sponsored by the City, and because increased ship traffic

2y.S. Army Corps of Engineers, Chicago District, Review Report-Milwaukee Harbor,
Wisconsin, March 1974.
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Table 4

LIST OF BOTTOM SEDIMENT QUALITY PARAMETERS AND
CHEMICAL AND PHYSICAL ANALYSES FOR 3 SITES IN

THE INNER HARBOR SAMPLED BY THE U.S. ARMY
CORPS OF ENGINEERS:

APRIL 24, 1968

Amount?
Sampling Sitesb

Parameter MILW 68-1 MILW 68-5 MILW 68-8
Percent Total Solids ........... 56.5 48.0 41.9
Percent Volatile Solids......... 5.7 16.2 19.3
Chemical Oxygen Demand (COD) 108,900 251,500 223,700
Total Soluble Phosphorus ...... 5.01 11.20 2.43
Total Phosphorus.............. 301 354 1,121
NH3—N ........................ 388 281 582
NO3-N ..o 10.6 8.3 14
Org-N. .. i 1,607 6,118 3,157
Phenol ...... ... .. o .. 5.85 2.05 3.38
Oil and Grease ................ 4,660 20,850 26,140
Cyanide ...oovvveiiininnnnn.. --¢ 0.80 1.40
Sulfide ...t i 280 1,180 466
Total lron.......... ... ... .... 12,890 19,890 19,700
LOF0Y oY ==Y o --C 22 20
Cadmium ... 0.69 6.5 10.3
Nickel....... ..o .. 41 56 12
ZiNC. oot e e e 244 340 -~
Lead ... iii e 165 363 360
Chromium ............ .. ..., -- 18 40

2Chemical analyses presented in milligrams per kilogram.

dry weight basis.

bSampling site locations are shown on Map 3.

“Not detected within sensitivity of test.

Source:

All results reported on a

U. S. Army Corps of Engineers, Chicago District, Draft Environmental

Statement--Maintenance Dredging at Milwaukee Harbor, Wisconsin,

July 1973.
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Table 5

LIST OF BOTTOM SEDIMENT QUALITY PARAMETERS AND RESULTS OF

LABORATORY ANALYSES FOR SAMPLES COLLIGTED BY 1HE
WATER POLILUTION CONTROL ADMINISTRATION
NORTH HARBOR ON NOVEMBER 24 AND 25,

IN THE OUTER
1969

FCDERAL

Amount at Sampling Sites”'

Parameter 1€ 3C 5d 1€ 2€ 3¢

Percent Sotids......... 39. 13.7 u7.7 82.7 78. 86.6
Percent Volatile

SOlidsS. . ... vviiinian, 9. 12.6 7.7 6.6 7. 8.9
Total Phosphorus....... 2,007 1,480 4,330 151 512 355
Oiil and Grease......... 10,199 8,968 6,672 417 1,021 2,505
Total tron.....vvvvvn.. 16,675 29,197 20,500 27,32 20,600 21,478
ZinC....uiieoeenn. e 657 395 3y2 56 49 52
Lead........ciiviinnn. 201 146 168 35 51 L6
Chemical Oxygen

Demand {(COD).......... -- -- 126,030 - -- -
AMMONIA. .. vttt vtennnnnn .- -- 279 -- -- -
4 Chemicat! analyses presented in milligrams per kilogram. All results reported on a dry weight

basis.

b see Map 3 for locations of sampling sites,

C Sample analyzed from top of core.
Petersen grab sampler sample,
Sample analyzed from bottom of core.

T

Source: U.
consin,

S. Army Corps of Engineers,
March 1974,

Chicago District,

Review Report~Milwaukee Harbor, Wis=-
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in the outer north harbor would conflict with recreational boating. The Corps of
Engineers, therefore, recommended to Congress that the proposed project be closed
out because of lack of local support. As of August 1980, Congressional deauthoriza-
tion was still pending.

Regulatory Program

The Corps of Engineers Regulatory Program has been funded by Congress since 1899,
when the Corps was charged with the responsibility to prevent alteration or obstruc-
tion of navigable waters of the United States. Today the regulatory program is con-
cerned not only with navigable channels, but also with the quality of surface
waters. Thus, in addition to Section 10 of the River and Harbor Act of 1899, Sec-
tions 404 of Public Law 92-500 and 103 of Public Law 92-532 authorized the Corps to
regulate through a permit program human activities to protect the quality of the
nation's water resources, to maintain water quality by protecting marshes, swamps,
and similar environmentally valuable wetland resources, and to control dumping of
dredged material into the oceans and the Great ULakes.? A Corps permit is
required to locate a structure, excavate, or discharge dredged material or place -
fill material in waterways or in wetlands bordering waterways. Typical activities
requiring permits are listed in Table 6. As of July, 1980, the St. Paul District of
the Corps of Engineers administered the regulatory program for the entire State of
Wisconsin. The permit program is important in its own right, but its particular
relevance to the Milwaukee Harbor estuary study design is that much of the water
quality data previously collected in the harbor was generated to determine if cer-
tain proposed activities would be in compliance with the law as administered under
this program.

Coastal Engineering Research Program

The Coastal Engineering Research Program of the Corps of Engineers was authorized by
Public Law 166, 79th Congress, July 31, 1945, and supplemented by Public Law 172,
88th Congress, November 7, 1963. The program is ongoing and has been conducted by
the Coastal Engineering Research Center (CERC), Fort Belvoir, Virginia, since 1963.
The Beach Erosion Board (BEB) was the predecessor of CERC. The objective of the
program is to conduct, and publish the results of, coastal research not only for
the sea coasts, but also for the coasts of the Great Lakes. The results appear in
the form of design manuals, technical reports containing results of research and
development efforts, or major engineering studies reports and reports of wide
public interest. An annotated bibliography of CERC and BEB publications was pub-
lished in 1979."%

A CERC publication particularly relevant to the Milwaukee Harbor study design was
published in July 1977 and is entitled Hydraulics of Great Lakes Inlets.® The
purpose of the study was to develop a practical methodology for use in the predic-
tion of harbor inlet velocities and water level oscillations developing in response

U.S. Department of the Army, U.S. Army Corps of Engineers Permit Program--A
Guide for Applicants, Office of the Chief of Engineers, Washington, D.C.,
November 1977 .

“U.S. Army Corps of Engineers, Bibliography of Publications of the Coastal
Engineering Board, Coastal Engineering Research Center, Fort Belvoir, Virginia,
June 1979.

*U.S. Army Corps of Engineers, Hydraulics of Great Lakes Inlets, Coastal
Engineering Research Center, Technical Paper No. 77-8, Fort Belvoir, Virginia,
July 1977.
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Table 6

TYPICAL WATERWAY ACTIVITIES REQUIRING
U.S. ARMY CORPS OF ENGINEERS PERMITS

Activity

Artificial canals
Artificial islands
Beach nourishment
Boat ramps
Breakwaters
Bulkheads
Dams, dikes, weirs
Discharging:

Sand

Gravel

Dirt

Clay

Stone
Dolphins

Dredging

Filling

Groins and jetties
Intake pipes
Levees

Mooring buoys
Ocean dumping
Outfall pipes
Pipes and cables
Piers and wharves
Riprap

Road fills

Signs

Tunnels

NOTE: The permit program is authorized by Section 10 of the River and Harbor
Act of 1899, Section 404 of Public Law 92-500, and Section 103 of Public

Law 92-532.

Source: U.S. Department of the Army, U.S. Army Corps of Engineers Permit Pro-
gram--A Guide for Applicants, Office of the Chief of Engineers, Washing-

ton, D.C., November 1977.
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to lake seiche phenomena. Data were collected at 13 locations in the Great Lakes,
eight sites being on the east shore of Lake Michigan, to evaluate the applicability
of analytical methods and computer models. The study concluded, in part, that high
quality harbor water-level records along with harbor and inlet geometry data could
be utilized in a relatively simple procedure to determine harbor inlet velocities,
which in turn could be converted to estimate inflow or outflow between the harbor
and the lake.

Great Lakes Water Level Forecasting

Great Lakes water levels are published and forecast by the Corps of Engineers, in
cooperation with the National Ocean Survey (NOS) of the U. S. Department of Com-
merce, National Oceanic and Atmospheric Administration (NOAA), under the auspices
of the International Coordinating Committee on Great Lakes Basin Hydraulics and
Hydrologic Data, by Environment Canada and the Detroit District of the Corps. Water
level data are available from 1860 to the present and are collected as a public
service by NOS. A publication released monthly presents recorded levels for the
previous year and current year to date, along with the probable levels for the next
six months.® Mean, maximum, and minimum lake level data are presented in tabu-
lar and graphical form for the gaging station at Harbor Beach, Michigan, monitoring
Lakes Michigan-Huron, as well as for gaging stations monitoring the other Great
Lakes and Lake St. Clair. A complete description of Great Lakes water level moni-
toring by the NOS is presented with the discussion of programs conducted by the
U. S. Department of Commerce, NOAA, in the next section of this chapter.

Lake Michigan Open-Coast Flood Levels

At the request of the Federal Insurance Administration, the Corps of Engineers
prepared a report on flood levels for the Great Lakes.’ Instantaneous annual
peak levels recorded at monitoring stations on the Great Lakes, adjusted to present
diversion and outflow control conditions, were utilized in frequency analyses to
estimate 10-, 50-, 100-, and 500-year levels at each monitoring station. These data
were then used to represent flood levels for segments of shoreline near each moni-
toring station. For Lake Michigan at Milwaukee the frequency analyses were based
on water level records of the National Ocean Survey for the period 1906-1974. The
10-, 50-, 100-, and 500-year flood stages for this site are tabulated in the Report
on Great Lakes Open-Coast Flood Levels in both the National Geodetic and the Inter-
national Great Lakes Datums. Effects of short period wave height and wave runup
are not reflected in the analysis.

U.S. DEPARTMENT OF COMMERCE, NATIONAL
OCEANIC AND ATMOSPHERIC ADMINISTRATION

Three subsidiary agencies of the National Oceanic and Atmospheric Administration
(NOAA) have Great Lakes programs relevant to the Milwaukee Harbor study design: the
Great Lakes Environmental Research Laboratory (GLERL), the National Ocean Survey
(NOS), and the National Weather Service (NWS).

*U.S. Army Corps of Engineers, Detroit District, Monthly Bulletin of Lake Levels

for the Great Lakes, published monthly.
U.S. Army Corps of Engineers, Report on Great Lakes Open-Coast Flood Levels,
Detroit, Michigan, 1977.
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Great Lakes Environmental Research Laboratory

GLERL was established in April 1974 to conduct environmental research for NOAA in
the Great Lakes Region to increase knowledge of environmental processes for the
purposes of solving envirommental problems in the Great Lakes basin. GLERL programs
particularly pertinent to the Milwaukee Harbor Study design include Lake Michigan
water temperature monitoring, operation of wave gages in Lake Michigan, and near-
shore and offshore limnological investigations in southern Lake Michigan.

Lake Michigan Water Temperature Monitoring: Great Lakes water temperatures have
been systematically monitored by GLERL and predecessor agencies since 1966. The
objectives of the monitoring program are to provide a continuous record of water
temperature at 10 stations on the Great Lakes to quantify short-term, seasocnal,
annual, and long-term temperature variation; to provide data for the development of
relationships between water temperature characteristics and limnological and mete-
orological phenomena; and to provide a continuous long-term record to be used for
comparative purposes with short-term records collected during miscellaneous local
or large-scale studies. Stations are at near-shore locations where conditions are
such that water temperatures reflect fluctuations in the main lake mass. Tempera-
ture probes are set at about 10 feet below International Great Lakes Datum (1955)
to minimize the effects of surface layer heating and cooling on the temperature
record. Two stations have been operated in Lake Michigan, one at the north break-
water of Milwaukee Harbor for the periods 1966-1968, and 1970-1972, and the other
on the coal dock at the Oak Creek Harbor from 1973 to the present. '

A report describing the monitoring program entitled Great Lakes Water Temperatures,
1966-1975, was published by NOAA and contains a sample monthly summary of hourly
average water temperatures.® A complete set of the hourly data is available on
microfiche from the National Technical Information Service, however, an annual sum-
mary of daily mean water temperatures and a frequency distribution of daily mean
water temperatures is contained in the report for the Lake Michigan statioms.
Periods of water temperature data available are shown in Figure 1. As the graph
indicates, the temperature records are not continuous, with significantly long
periods of "no record", because of station malfunctions.

The report concluded that many more years of record are necessary to define long-
term temperature trends. The temperature records define short-term events such
as initiation of spring warm-up and winter freeze-up, and the upwelling and
downwelling periods.

Wave Monitoring in Lake Michigan: Surface wave data was collected by GLERL in
Lake Michigan at two locations--near Muskegon, Michigan during 1973 and 1975-77, and
near Milwaukee, Wisconsin during 1976 and 1977. The data were collected for the
purpose of making detailed analyses of storm events, studies of wave growth and
decay, studies correlating wave data with meteorological data, and wave prediction
studies. The Milwaukee wave station was located at three sites about 6, 12, and 19
miles offshore, and almost due east from the Village of Fox Point, Wisconsin. Peri-
ods of wave record and other pertinent data for the Milwaukee station are presented
in Table 7. A waverider buoy was used to collect the Milwaukee and Muskegon data.

8John L. Grumblatt, Great Lakes Water Temperatures 1966-1975, National Oceanic
and Atmospheric Administration Technical Memorandum ERL GLERL-11-1, August 1976.
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Table 7

WAVE MONITORING PERIODS AND OTHER PERTINENT
INFORMATION FOR THE LAKE MICHIGAN STATION NEAR

MILWAUKEE OPERATED IN 1976 AND 1977 BY THE

GREAT LAKES ENVIRONMENTAL RESEARCH LABORATORY

Water Depth

Period of Record Gage Location (feet)
Sept. 22 - Oct. 12, 1976 Lat. 43.17°N, Long. 87.52°W 230
June 13 - July 14, 1977 Lat. 43.20°N, Long. 87.77°W 245
June 16 - Nov. 29, 1977 Lat. 43.20°N, Long. 87.64°W 295

NOTE: Wave monitoring stations were about 6, 12, and 19 miles offshore almost due
east from the Village of Fox Point.

Source:

Blondell C. Doughty, Timothy A. Kessnick, and Paul C. Liu, Surface Wave

Data Recorded in Lake Michigan During 1973 and 1975-77, National Oceanic

and Atmospheric Administration Technical Memorandum ERL GLERL-19,

1978.

Table 8

NAUTICAL CHARTS PREPARED FOR THE

MILWAUKEE HARBOR VICINITY:

1902 TO 1978

Edition/Date®

1st/March 1902°
2nd/November 19079
3rd/September 19120
4th/January 1916¢
5th/December 1928°€
6th/April 1931¢
7th/March 1936
8th/June 1939
9th/May 1942
10th/September 1944
11th/November 1947

12th/March 1951
13th/May 1954
14th/June 1957
15th/May 1959
16th/March 1960
17th/July 1963
18th/February 1966
19th/February 1969
20th/June 1972
21st/July 1975
22nd/August 1978

YChart 14924 (formerly LS743) is for Milwaukee Harbor and vicinity, and has been

published at a scale of 1:10,000 starting with the seventh edition.
bpublished at a scale of 1:12,000.
“Published at a scale of 1:15,000.

Source:

National Ocean Survey (written communication, August 28, 1980)
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Wave statistics were summarized in NOAA Technical Memorandum ERL GLERL-19, based on
10 minutes of data per hour. The data are presented on microfiche, included with
the report, and are in the form of hourly wave statistics which are summarized
daily. These statistics include standard deviations, significant and average wave
heights, and associated wave periods.’ Digital tapes containing raw data are
available from GLERL.

Limnological Studies in Southern Lake Michigan: Other ongoing GLERL efforts
relevant to the Milwaukee Harbor study design include studies of coastal currents
in southern Lake Michigan, water level oscillation and flooding studies in' Lake
Michigan, ecological modeling of sediment-water column interactions, dynamics of
material movements in the near-shore zone, and development of simulation models for

near-shore zone applications. Additional description of these studies is available
from GLERL.

National Ocean Survey
National Ocean Survey (NOS) activities pertinent to the Milwaukee Harbor study

design include the preparation of nautical charts of Lake Michigan and moniitoring
water levels in Lake Michigan.

Nautical Chart Mapping: NOS activities in the Milwaukee vicinity of Lake Michigan
include the preparation of nautical charts which contain detailed sounding data.
The latest Milwaukee Harbor chart was published in 1978 as Chart 14924 and is a
1:10,000 scale map of the inshore area, outer harbor, and inner harbor.!®
Detailed sounding data are plotted on the map along with associated depth con-
tours. Another chart published in September 1979 at a scale of 1:120,000--Chart
14904~~-covers the near-shore zone between Belgium, Wisconsin and Waukegan, Illi-
nois.'? Charting in the Milwaukee vicinity was begun early in the 19th century
by the U. S. Coast and Geodetic Survey, working within the coastal zone only. The
U.S. Lake Survey of the Army Corps of Engineers began preparation of nautical charts
later in the 19th century, for offshore, as well as near-shore, areas of the Great
Lakes. Their first chart of the Milwaukee Harbor was published in 1902. All charting
activities since 1970 have been be conducted by NOS. Charts of Milwaukee Harbor
are normally updated at three-year intervals. A listing of nautical charts pre-
pared in the Milwaukee Harbor vicinity is presented in Table 8.

Lake Michigan Water Level Monitoring: The NOS records hourly water levels at
numerous locations in the Great Lakes. During 1979, nine monitoring stations were
operated in Lake Michigan at the locations shown on Map 4. NOS publishes the
recorded water levels annually in tabular form on a calendar-year basis showing
daily and monthly average water levels referred to the International Great Lakes
datum of 1955. In addition, the annual report for each gage includes maximum and

*Blondell C. Doughty, Timothy A. Kessenick, and Paul C. Liu, Surface Wave Data
Recorded in Lake Michigan During 1973 and 1975-77, National Oceanic and Atmospheric
Administration Technical Memorandum ERL GERL-19, 1978.

1®National Ocean Survey, Nautical Chart of Milwaukee Harbor, U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, National Ocean Survey,
Washington, D.C. Nautical Chart 14924, August 1978.

1National Ocean Survey, Nautical Chart - Port Washington to Waukegan, U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, National
Ocean Survey, Washington, D.C., Nautical Chart 14904, September 1979.

30




Map 4

LOCATION OF LAKE MICHIGAN WATER LEVEL MONITORING STATIONS
OPERATED BY THE NATIONAL OCEAN SURVEY IN 1979
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minimum average daily water level each month, maximum and minimum hourly watexr
levels for the year and each month, a frequency distribution of daily average levels
for the year, and the mean water level for the year. A table is also provided sum-
marizing water levels from the year 1900 to the present for the Lakes Michigan-Huron
monitoring station at Harbor Beach, Michigan. This table includes mean water levels
for each month for the period since 1900, along with the highest and lowest mean
monthly water levels. The report is divided into two sections, the first containing
water level data in feet, and the second in meters.

At five-year intervals, NOS publishes a report summarizing monthly and annual aver-
age water levels for the period since 1860 for all monitoring stations, presently
active or inactive, operated in the Great Lakes. The last summary report was pub-
lished in 1976 with the next scheduled. in calendar year 1981.'% The report
presents monthly and annual average water levels for each permanent gage for the
period of record, average monthly levels for the period of record, average monthly
levels for the period 1966-1975, and the maximum and minimum monthly average levels
for the period of record. Table 9 presents the periods of record for. monitoring
stations operated on Lake Michigan.

As Table 9 indicates, water level records for Lake Michigan at Milwaukee have been
collected since 1860. The monitoring station was located on the breakwater near the
main entrance to the outer harbor through December 1969. The station was then relo-
cated at the U.S. Coast Guard Station at the south end of the outer harbor near the
dredge spoils disposal facility. Hourly data for this station and the other Lake
Michigan stations is available in magnetic tape form.

National Weather Service

The National Weather Service (NWS) collects meteorological and hydrological data and
provides forecasts and warnings for meteorological, riverine, and limnological
events. NWS has operated a long-term weather station at the City of Milwaukee since
the late 19th century. Types of meteorological data collected are listed in Table
10. Records for the parameters in Table 10 have been summarized periodically since
1950 by the NWS.!® Data collected prior to 1950 and since 1871 are less readily
available, but can be obtained from the NWS or the Meteorology Department of the
University of Wisconsin at Milwaukee.

U.S. DEPARTMENT OF THE INTERIOR, GEOLOGICAL SURVEY

The U. S. Geological Survey (USGS) is currently involved in two programs relevant to
the Milwaukee Harbor estuary planning program. The USGS is participating in the
National Urban Runoff Pollution Study (NURPS) under the auspices of the U. S. Envi-
ronmental Protection Agency, and is operating eight gaging stations monitoring storm
sewers draining small urban basins in the Milwaukee and Menomonee River watersheds.
Locations of the NURPS gaging sites are shown on Map 5. The study began in October

'2National Ocean Survey, Great Lakes Water Levels, 1860-1975, U.S. Department
of Commerce, National Oceanic and Atmospheric Administration, National Ocean
Survey, Rockville, Md., 1976.

3National Weather Service, Environmental Data Service, Local Climatological
Data - Milwaukee, Wisconsin - Monthly Summary, U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, National Climatic Center, Ashe-
ville, North Carolina, published monthly.
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Tabie 9

WATER LEVEL MONITORING ON LAKE MICHIGAN BY
THE NATIONAL OCEAN SURVEY SINCE JANUARY 1860

Station Latitude Longi tude

Number @ Station Name North West Period of Record

7023 Ludington, Michigan 43° 56'48" 86° 26'30" Complete records since August, 1950
Partial records in years 1895-97, 1900,
1902-1904, 1906, 1908, 1935-37, 1939,
19uy4-47,

7031 Holland, Michigan 42° u6'os" 86° 12'06" Complete records since May, 1959.
Partial records in years 1894, 1895-97,
1899, 1900, 1903, 1905-08, 1935, 1941-42,
1956.

7044 Catumet Harbor, South Chicago, 41° 43'yug" 87° 32'18" Compiete records since April, 1903.

ltlinois

7057 Milwaukee South, Wisconsin 43° 00'05" 87° 53'13" Complete records since January, 1970.

7058 Milwaukee, Wisconsin 43° 01'36" 87° 52'54" Complete records from January, 1860-
December, 1969.

7068 Kewaunee, Wisconsin 44° 27'y8" 87° 30'o00" Complete records since October, 1973.

7072 Sturgeon Bay Canal, Wisconsin yy° np7tyo" 87° 18'48" Complete records since January, 1928.
Comptitete records from January, 1905~
March, 1919.
Partial records in years 1922, 1925, 1927.

7078 Green Bay, Wisconsin 4yo 32'27" 88° 00'30" Complete records since July, 1954,
Partial records in years 1953-54,

7096 Port Inland, Michigan y5° 58'10" 85° 52'20" Complete records since December, 1964.

€€

8see Map U4 for locations of monitoring stations operated in 1979.

Source: National Ocean Survey, Great lLakes Water Levels, 1860~1975, U.S. Department of Commerce, National Oceanic
and Atmospheric Administration, National Ocean Survey, Rockville, Maryland, 1976.
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Map 5

LOCATIONS OF URBAN STORM RUNOFF QUALITY MONITORING
STATIONS OPERATED BY THE U.S. GEOLOGICAL SURVEY
FOR THE NATIONAL URBAN RUNOFF POLLUTION STUDY: 1980-1981
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1979 with a planned monitoring effort of three years duration, and includes the
collection of storm event flow and water quality data. Water quality constituents
to be sampled are listed in Table 11. Data will be published annually in the USGS
Water Resources Data for Wisconsin reports.

The USGS also currently operates, in cooperation with the Regional Planning Commis-
sion and local units of government, nine other continuous record gaging stations in
the watersheds tributary to the estuary, monitoring at all sites streamflow and at
some sites water quality constituents. Data collected at these active stations as
well as deactivated stations have been published in the USGS annual report series
Water Resources Data for Wisconsin.

Previous USGS programs of relevance to the Milwaukee Harbor planning program are
concerned with a sediment discharge study, and three hydrogeologic investigations.
Measurement and prediction of sediment yields in the watershed tributary to Milwau-
kee Harbor are described in Measurement and Prediction of Sediment Yields in Wiscon-
sin Streams, which includes a table of sediment yield, concentration, and particle
size for both bed and suspended material for 18 monitoring sites in the watershed.
A predictive equation for estimating average annual long-term suspended sediment
yield is presented.!® Descriptions of the hydrogeology of the estuary watershed
can be found in the following reports:

1. ¥.C. Foley, W.C. Walton, and W.J. Drescher, Groundwater in the Milwau-

kee-Waukesha Area, Wisconsin, U.S. Geological Survey Water Supply Paper
1229, 1953.

2. J.H. Green and R.D. Hutchinson, Groundwater Pumpage and Water Level Changes
in the Milwaukee-Waukesha Area, Wisconsin, U.S. Geological Survey Water
Supply Paper 1809-1, 1965.

3. U.5. Geological Survey, Digital-Computer Model of the Sandstone Aquifer in

Southeastern Wisconsin, Southeastern Wisconsin Regional Planning Commission
Technical Report No. 16, April 1976.

U.S. DEPARTMENT OF TRANSPORTATION

The U.S. Department of Transportation has conducted a study in the Milwaukee Harbor

watershed which is considered relevant to the estuary study design. That study is
described below.

Freeway Runoff Quality Study, 1975-1978

To assist in the evaluation of environmental impact of future freeways, the Federal
Highway Administration contracted with Envirex, Inc., of Milwaukee to conduct a
nationwide study of freeway runoff quality, including preparation of a procedures
manual for monitoring such runoff, description of runoff characteristics, develop-
ment of a data storage program and users manual, and development of predictive
methods for determining pollutant loadings from freeways. Of six sites studied,
three were in the Milwaukee Harbor watershed. A 106-acre site along U.S. Highway 45
extending 9,500 feet north from the interchange with Interstate Highway 94 was moni-
tored from the spring of 1976 to the fall of 1977, along with a 2.l-acre site of

'*S.M. Hindall, Measurement and Prediction of Sediment Yields in Wisconsin
Streams, U.S. Geological Survey Water Resources Investigations 54-75, January 1976.
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Table 10

LIST OF METEOROLOGICAL PARAMETERS
CURRENTLY MONITORED IN MILWAUKEE
BY THE NATIONAL WEATHER SERVICE

Parameters
Air Temperature Daily Sunshine
Wet Bulb Temperature Daily Skycover
Wind Speed and Direction Relative Humidity
Precipitation Barometric Pressure

NOTE: The data collected since 1950 are published in summary form on an
hourly, daily, monthly, and annual basis.

Source: ' National Weather Service, Environmental Data Service, Local Cli-
matological Data--Milwaukee, Wisconsin--Monthly Summary, U.S.
Department of Commerce, National Oceanic and Atmospheric Ad-
ministration, National Climatic Center, Asheville, North Caro-
lina, published monthly.

Table 11

WATER QUALITY PARAMETERS MONITORED
BY THE NATIONAL URBAN RUNOFF POLLUTION
STUDY IN MILWAUKEE COUNTY

Parameters
Total Solids Total Lead
Suspended Solids Soluble Lead
Volatile Suspended Solids Multi-element Scan
Volatile Solids Chemical Oxygen Demand
Total Phosphorus 5-day BOD
Soluble Phosphorus 30-day BOD
Available Phosphorus Fecal Coliform
Nitrate and Nitrite Nitrogen Fecal Streptococci
Total Kjeldahl Nitrogen Chloride
Ammonia Nitrogen

NOTE: See Map 5 for sampling site locations.

Source: U.S. Geological Survey.
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Interstate Highway 794 between W. 2nd and W. 3rd Streets. Runoff quality from a 2.5-
acre grass covered area adjacent to an uncurbed section of U.S. 45 at Bluemound Road
was also monitored to determine the effects of pervious areas upon runoff quality.
Water quality parameters monitored are listed in Table 12. Federal Highway Adminis-
tration Report No. FHWA-RD-78-194 presents equations for estimating pollutant accu-
mulation rates, and pollutant wash-off.!® The study concluded, in part, that
completely paved monitoring areas showed the highest pollutant loadings for most
constituents. Lowest rates were monitored from the grass covered areas bordering
uncurbed pavement. Total solids correlated significantly with most constitutents
monitored. A six-volume report is scheduled for publication by the middle of 1981.

U.S. ENVIRONMENTAL PROTECTION AGENCY

The U. S. Environmental Protection Agency (USEPA) and its predecessor agency, the
Federal Water Pollution Control Administration (FWPCA) have sponsored or partici-
pated in a number of water quality studies and programs relevant to the Milwaukee
Harbor estuary study design. Programs funded by USEPA but carried out by local units
of government are discussed in other sections of this chapter. More direct USEPA
involvement, as discussed in this section, includes bottom sediment sampling activi-
ties in the Milwaukee Harbor for purposes of evaluating a dredging permit applica-
tion; and a study of the impacts of combined sewer overflows on receiving water

quality in the City of Milwaukee and environs, which was conducted for the USEPA by
Envirex, Inc.

Milwaukee Harbor Sediment Quality Sampling

The USEPA and its predecessor, the Federal Water Pollution Control Administration
(FWPCA), have been involved in bottom sediment sampling in Milwaukee Harbor for the
evaluation of dredge spoil disposal alternatives. It should be noted that the
results of a number of these surveys were included in reports by the U. S. Army
Corps of Engineers and are discussed, therefore, in the Corps of Engineers section
of this chapter. The remaining USEPA sediment survey results are discussed in the
following paragraphs.

On June 21, 1973, the USEPA collected 15 bottom sediment samples for chemical analy-
sis in the Milwaukee, Menomonee, and Kinnickinnic River estuaries and the outer
harbor at the locations shown on Map 6. Twenty-seven other stations were also
sampled. Only field observations were made on the characteristics of these samples.
Locations of these sampling sites are described in USEPA unpublished data, ''Survey
of Bottom Sediment Samples--Milwaukee Harbor, Milwaukee, Wisconsin--June 21, 1973,"
on file at SEWRPC, along with the recorded field observations. Parameters analyzed
for the 15 sediment quality samples are listed in Table 13. The table also compares
the results of the chemical analyses to the maximum allowable standard for each
parameter as established by the USEPA Commissioner of Operations, Water Quality
Office, Washington, D.C., January 11, 1971. The data indicate many samples which
exhibited levels much greater than maximum allowable standards. The USEPA concluded

15M.K. Gupta, Constituents of Highway Runoff--Executive Summary, Federal Highway
Administration Report. No. FHWA-RD-78-194, September 1978.
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Table 12

WATER QUALITY PARAMETERS MONITORED
IN MILWAUKEE DURING 1976 AND 1977
FOR THE HIGHWAY RUNOFF QUALITY STUDY
BY THE FEDERAL HIGHWAY ADMINISTRATION

Parameters
Total Coliforms Pesticide/Herbicide
Fecal Coliforms Oil and Grease
Fecal Streptococci Asbestos
5-day BOD PCB
Chemical Oxygen Demand Lead
Total Phosphorus Zinc
Ammonia Nitrogen Iron
Nitrate and Nitrite Nitrogen Copper
Total Solids Cadmium
Total Volatile Solids Chromium
Suspended Solids Nickel
Volatile Suspended Solids Mercury
Discharge
Source: Federal Highway Administration.
Table 13
SEDIMENT QUALITY PARAMETERS AND RESULTS OF
CHEMICAL ANALYSES OF SAMPLES COLLECTED JUNE 21, 1973
IN THE INNER AND OUTER MILWAUKEE HARBORS BY
THE U.S. ENVIRONMENTAL PROTECTION AGENCY
Parameter, Maximum Al lowable Standard,b
and Sampled Concentration©
TJotal
Chemical Total Volatile 0ijl Total
Oxygen Kjeldahi Solids and Solids
Sampling Demand Nitrogen Mercury Lead Zinc (percent) Grease (percent)
Station@ 50,000 1,000 10 50 50 6 1,500 --
1 15, 600 314 0.9 54 111 3.7 260 84.5
I 180, 000 4,530 1.5 431 510 1.0 7,120 40.9
8 29,100 1,020 0.4 45 130 3.5 ug2 73.5
9 205,000 1,520 1.8 470 1,100 22.0 19,100 34.1
1 161,000 300 0.6 120 220 8.3 3,460 50.6
104 136,000 5,660 0.4 25 70 12.8 4,080 35.5
20 Ly, 300 2,850 0.9 160 390 8.6 2,300 u3.4
2y 49,000 3,670 0.4 220 460 8.9 5,000 49.8
26 71,700 4,460 0.4 340 230 11.6 7,420 43.8
30 79,100 3,260 0.6 350 390 12.6 9,830 u8.3
33 64,900 3,490 0.4 280 270 10.2 10,200 49,0
35 55,200 2,360 0.4 150 130 8.0 2,400 58.3
39 82,200 4,150 0.5 320 310 12.4 7,910 39.2
u1 136,000 2,300 0.4 370 340 11.9 7,030 56.2
y2 113,000 3,660 0.4 410 550 13.0 7,090 us.2

4sampling site locations are shown on Map 6.

bPErom "criteria for Determining the Acceptability of Dredged Spoil Disposal to the Nation's

Waters " January 11, 1971,

Cconcentrations are in miltigrams per kilogram on an oven dry basis unless otherwise specified.

Source: U.S. Environmental Protection Agency, "Survey of Bottom Sediment Samples--Milwaukee
Harbor, Milwaukee, Wisconsin--June 21, 1973," Surveillance and Analyses Division,
Chicago, Illinois, unpubtished data, on file at SEWRPC.
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Map 6

LOCATIONS OF BOTTOM SEDIMENT QUALITY. SAMPLING SITES IN
THE INNER AND OUTER HARBORS SAMPLED IN 1973 AND 1980
FOR DREDGE SPOIL DISPOSAL ANALYSIS BY
THE U.S. ENVIRONMENTAL PROTECTION AGENCY
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that the outer harbor and the three estuaries were ''grossly polluted" and that no
dredging spoils from these areas should be disposed of in Lake Michigan.!®

Another U.S. Army Corps of Engineers permit application to the EPA prompted recent
sediment sampling activities in the Milwaukee Harbor. Two samples of bottom sedi-
ments in the Kinnickinnic River estuary between Becher Street and First Street were
taken on March 16, 1979, by Sommer~Frey Laboratories, Inc., for the Milwaukee Harbor
Commission. The parameters analyzed and results of the laboratory analyses are pre-
sented in Table 14, The Harbor Commission had further chemical analyses performed
for support of a dredging permit application on March 4, 1980. Five sediment samples
were taken in the inner and outer harbor at the locations shown on Map 6. Sedi-
ment quality parameters were analyzed, and the laboratory results are presented in
Table 15. s

Impact of Combined Sewer Overflows

A study of the effects of combined sewer overflows (CSO) upon receiving water
quality was conducted for the Milwaukee River for the U. S. Environmental Protection
Agency (USEPA) by Rexnord, Inc. (Envirex), from August, 1976 to October 1978.%7
The study complemented an ongoing project entitled Milwaukee Combined Sewer Overflow
Abatement Project, conducted by Stevens, Thompson, & Runyan under contract to the
Milwaukee Metropolitan Sewerage District. The CSO project had found large differ-
ences between simulated and observed dissolved oxygen concentrations in the lower
Milwaukee River, and concluded that a more detailed analysis of CSO effects on
receiving water quality was necessary. Accordingly, the study by Rexnord, Inc.
was commissioned.

The primary purpose of the Rexnord study was to use real-time data to quantify the
effects of CSO's upon the dissolved oxygen sag which was grossly under simulated
during wet-weather events. It was suspected that CSO's somehow were causing a very
rapid reduction in dissolved oxygen in the lower Milwaukee River, and detailed study
of this phenomenon was carried out. Hydraulic studies, intensive water quality sur-
veys, continuous monitoring of dissolved oxygen and water temperature, sediment
studies and water quality modeling studies were conducted. Data collected during
these studies are discussed in the following paragraphs, with findings summarized at
the conclusion of this section.

Hydraulic Studies: Hydraulic studies conducted included dye studies and current
meter measurement of speed and direction of flow. Dye studies were conducted to
determine the hydraulic characteristics of the river for a wide range of flow con-
ditions in two distinct reaches of the river--an upper reach between Estabrook Park
and the North Avenue dam, and a lower reach from the dam downstream to St. Paul
Avenue. Complete dye curves from leading to trailing edges were sampled.

A slug injection of fluorescent dye was made in the upper reach on November 8, 1976
when streamflow was about 90 cubic feet per second (cfs). "Slug" injections were

'8y .S. Environmental Protection Agency, "Survey of Bottom Sediment Samples--
Milwaukee Harbor, Milwaukee, Wisconsin--June 21, 1973:" Surveillance and Analyses
Division, Chicago, Hlinois. Unpublished data on file at SEWRPC. .
Y7y .S. Environmental Protection Agency, Verification of the Water Quality
Impacts of Combined Sewer Overflow, Research Report EPA-600/2-79-144, Decem-
ber 1979.
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Table 14

BOTTOM SEDIMENT QUALITY PARAMETERS AND LABORATORY
RESULTS FOR SAMPLES TAKEN MARCH 16, 1979 IN THE
KINNICKINNIC RIVER ESTUARY BETWEEN BECHER STREET
AND FIRST STREET FOR THE MILWAUKEE HARBOR COMMISSION

Sample Site and
Concentration?-?
Parameter 1 2

Volatile Solids® . .................... 4.334 7.691
Chemical Oxygen Demand ........... 83,055 16,941
Oil and Grease .........ciuununn.. 3,047 2,517
Phenols ........ ... . .. 69.6 15.7
PCBY. 10.7 11.1
Mercury ..... ..o, 0.249 0.093
Ammonia........... i 958 362
Organic Nitrogen ................... 1,477 1,327
Total Phosphorus................... 475 293
Lead ... .. 374 351
LinC. e 467 410
Copper . e 61.3 56.2
Tron. 11,630 9,600
Nickel. ... . 33.2 29.3
Manganese........... ... .. .. .. .. ... 332 201
Arsenic . ... i e 2.93 2.56
Cadmium ....... ... .. ... 3.7 4.0
Chromium ....... ... ... e, 57 64
Barium ... ... .. 3,115 1,756
Cyanide ... 0.53 0.67

aSamp/e Site 1 - downstream from Becher Street, Sample Site 2 - upstream from

First Street.
b

Total concentration in milligrams per kilogram unless otherwise specified.

“Percent weight.

dPCB is referenced to Arochlor 1242,

Source: Sommer-Frey Laboratories, Inc., "Bottom Sediment Analyses--Kinnickinnic
River between Becher Street and First Street, March 16, 1979," Project
9214, March 19, 1979, on file at SEWRPC.
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Table 15

BOTTOM SEDIMENT QUALITY PARAMETERS AND LABORATORY RESULTS
FOR SAMPLES TAKEN MARCH 4, 1980 AT FIVE SITES IN THE
INNER AND OUTER HARBORS FOR THE MILWAUKEE HARBOR COMM!SSION

Sampling Site and Concentration@b

Parameter 1 2 3 4 5
Chemical Oxygen Demand..... 66,705 34,984 23,174 53,114 41,855
Total Kjeidah!l Nitrogen.... 9y2 580 597 877 675
Total Volatile Solids...... 5,532 222 242 389 333
Oil and Grease......cvvuu.n 5,610 5,483 2,524 2,537 2,003
ArSENIC. . ittt netensensan 5.95 2.73 3.73 . 5.39 2.1
MerCUNY . ittt e i innenneenas 0.45 0.18 0.16 1.05 0.12
= o 159 122 69 80 70
ZiNC . it ii et e varensansn 258 158 135 35 228
PCB S, vttt e e eiine e 73.3 55.6 L.o7 5.14 38.0

8gampling site locations are shown on Map 6.
Total concentration in miltigrams per kilogram.

Source: U.S. Army Corps of Engineers, "Notice of Application for Permit by the Milwaukee Board of
Harbor Commission,” Reference Number NCSCO--RF (80-915-12) March 26, 1980, on file at SEWRPC.
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made in the lower reach on two dates, March 30, 1978 and June 13, 1978 when stream-
flows were 1,700 and 215 cfs, respectively. Mean velocities, travel times, and dis-
persion coefficients were computed for two segments of each reach and are tabulated
in the USEPA report Verification of the Water Quality Impacts of Combined Sewer
Overflow.'® It was concluded that dispersion effects would not have to be
modeled because coefficients were very small in both the upper and lower reaches.

Current speed and direction were monitored 300 feet downstream from St. Paul Avenue
to determine if velocities sufficient to cause sediment scour were occurring at that
location. These data were not tabulated in the report; however, velocities reportedly
ranged from 0 to 0.25 feet per second (fps) near the river bottom for a range in
flow from about 100 to 500 cfs. Current direction was found to be highly wvari-
able. Current velocities were also measured near CSO outfalls. Velocities measured
about one foot above the river bottom were as high as 12 fps, but generally ranged
from 1 to 5 fps, indicating significant scour potential of bottom sediments near
these outfalls.

During the wet- and dry-weather intensive water quality surveys of 1975, described
in the next topic in this chapter, "Intensive and Weekly Water Quality Surveys",
intensive monitoring of current speed, current direction, dissolved oxygen (DO}, and
water temperature was conducted in the inner harbor. Measurements were made at 3-
hour intervals at depth intervals of 3 feet. During intensive water quality surveys
of the Menomonee River, currents, DO, and water temperature were monitored at mid
channel of the Menomonee River at Muskego Avenue, the Milwaukee River at the Chicago
& North Western Transportation Company railroad bridge (about 1200 feet upstream
from the confluence with the Kinnickinnic River), and in the Kinnickinnic River
just downstream from the University of Wisconsin Center for Great Lakes Studies.
During the intensive water quality surveys of the Kinnickinnic and Milwaukee Rivers,
currents were not monitored at the Muskego Avenue site, however. During the 1975
wet-weather survey of the Milwaukee River, currents, DO, and temperature were also
monitored at St. Paul Avenue at a 30-minute time interval and a 3-foot depth inter-
val for 72 hours. A complete listing of the current data, DO data, and water tem-
perature data is presented in the appendix of the Envirex, Inc. unpublished report
"River Monitoring Program."

Intensive and Weekly Water Quality Surveys: Eight intensive water quality surveys
were conducted at the eight locations on the Milwaukee River and one site on Lincoln
Creek shown on Map 7. The surveys were made in the summers of 1975, 1976, 1977, and
1978, with two surveys representing dry weather conditions and six surveys repre-
senting wet weather conditions. In addition, one wet-weather survey and one dry-
weather survey were made in 1975 on the Menomonee and Kinnickinnic Rivers at the
locations shown on Map 7. During the 1975 surveys, current speed and direction,
along with DO and water temperature were monitored in the inner harbor as described
in the previous section under "Hydraulic Studies'. Sampling intervals for the wet-
weather surveys ranged from 3 to 6 hours, conducted over periods of from 3 to 5
days. Dry-weather samples were collected every three hours over a 72-hour period.
Integrated samples were taken from bridges and composited for chemical analysis.
Data summaries for the surveys conducted in 1976, 1977, and 1978 are tabulated in
the appendix of the USEPA report, Verification of the Water Quality Impacts of
Combined Sewer Overflow. Survey data collected in 1975 are presented in the unpub-

Y8/bid .
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Map 7

LOCATIONS OF INTENSIVE WATER QUALITY SURVEY
AND BOTTOM SEDIMENT QUALITY SAMPLING
SITES ON THE MILWAUKEE, MENOMONEE,

AND KINNICKINNIC RIVERS IN MILWAUKEE
COUNTY FOR THE COMBINED SEWER OVER-
FLOW IMPACT STUDY: 1975-1978
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lished report, '"River Monitoring Program" by Envirex, Inc. Water quality parameters
analyzed are listed in Table 16. Dates of these surveys were as follows:

Milwaukee River Menomonee River

June 9-12, 1975 (dry weather) July 17-19, 1975 (dry weather)
October 15-21, 1975 (wet weather) September 5-8, 1975(wet weather)
September 21-23, 1976 (dry weather)

May 31-June 2, 1977 (wet weather) Kinnickinnic River

June 18-June 21, 1977 (wet weather)

August 3-8, 1977 {wet weather) July 14-17, 1975 (dry weather)
June 15-18, 1978 (wet weather) August 16-18, 1975 (dry weather)
July 26-29, 1978 {wet weather)

During May-November, 1975, weekly grab sampling was carried out at six sites on the
Milwaukee River (Map 7) to provide baseline data for evaluation of effects of imple-
mentation of future pollution control efforts. Water quality parameters analyzed are
presented in Table 16.

Continuous Dissolved Oxygen and Water Temperature Monitoring: Three continuous
record stations at the North Avenue dam, Cherry Street, and St. Paul Avenue have
monitored dissolved oxygen (DO) and water temperature at mid-channel and mid-depth
since October, 1975. These stations were operated by the Milwaukee Metropolitan
Sewerage District (MMSD). In addition, another monitoring site was operated at
Rangeline Road from October through December 1975 by Envirex. The data collected at
these sites were used in the CSO impact study to characterize dry-weather variations
in DO, DO decline during and after rainfall events, and subsequent DO recovery. Con-
tinuous DO data are presented graphically for selected periods in the USEPA report
Verification of the Water Quality Impacts of Combined Sewer Overflow. The unpub-
lished report "River Monitoring Program" by Envirex presents DO and water tempera-
ture data at 15-minute intervals for the Rangeline Road and North Avenue monitoring
sites for the period October-December, 1975. St. Paul Avenue data are presented
only for October and November, 1975. Further description of the continuous DO and

temperature monitoring program is provided in the discussion of MMSD programs in
this chapter.

Bottom Sediment Quality:Sediment sampling was conducted in the Milwaukee,
Menomonee, and Kinnickinnic Rivers to characterize the sediments so that: 1) an
understanding could be developed of the mechanism causing rapid dissolved oxygen
decline after runoff events; 2) sources of these sediments could be identified and
quantified; and 3) a determination of sediment oxygen demand values for water
quality modeling purposes could be made. Sediment samples were taken in the summer
of 1977 at 12 locations on the Milwaukee River (see Map 7). Four sites were upstream
from the Combined Sewer Overflow (CSO) area, three more were upstream from the
North Avenue dam, and five were downstream from the dam. Twenty-inch cores were
sampled when possible, with separate analyses being conducted for the top and bottom
halves of each core. The sampled parameters are listed in Table 17. Cores were taken
at mid-channel and grab samples were taken mid-way between the coring site and the
edge of the river on both sides. Results of the chemical analyses are tabulated for
each sample in the appendix of the USEPA report Verification of the Water Quality

Impacts of Combined Sewer Overflow. A summary of the ranges observed for each
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Table 16

LIST OF WATER QUALITY PARAMETERS ANALYZED IN DRY-
AND WET-WEATHER INTENSIVE WATER QUALITY SURVEYS AND
WEEKLY SURVEYS OF THE MILWAUKEE, MENOMONEE, AND
KINNICKINNIC RIVERS IN MILWAUKEE, BY REXNORD, INC.
FOR THE COMBINED SEWER OVERFLOW IMPACT STUDY:1975-1978

Parameters®
Dissolved Oxygend Total Organic Car'bond
Water Temperatured Ammonia Nitrogenb’d
Total Solids Nitrite and Nitrate Nitrogen
Suspended Solids Organic Nitrogen
Volatile Suspended Solids Total Phosphorusd
5-day BODd Fecal Streptococcic’d
Chemical Oxygen Demand Fecal Colifor'msd

Specific Conductancec'd

NOTE: Sampling site locations are shown on Map 7.

aAverage, minimum, and maximum dissolved oxygen and minimum and maximum water
temperature for each intensive survey sampling day are tabulated in the appendix of
the U.S. Environmental Protection Agency research report. Daily averages are
reported for the remaining parameters. The 1975 survey data are listed completely in
the appendix of the unpublished Envirex Inc. report. ‘

bAna/yzed for wet-weather samples in 1975 only.

CAnalyzed for wet- and dry-weather samples in 1975 only.

ciA/so analyzed in 1975 weekly surveys of the Milwaukee River. Weekly surveys of
the Menomonee and Kinnickinnic Rivers were not conducted.

Source: U.S. Environmental Protection Agency, Verification of the Water Quality
Impacts of Combined Sewer Overflow, Research Report EPA-600/2-79-744,
December 1979, and Envirex, Inc., a division of Rexnord, Inc., "River
Monitoring Program,” unpublished report.




Table 17

BOTTOM SEDIMENT QUALITY PARAMETERS
FOR SAMPLES TAKEN AT 12 SITES IN
THE MILWAUKEE RIVER IN MILWAUKEE COUNTY
FOR THE COMBINED SEWER OVERFLOW IMPACT
STUDY: MAY AND JUNE 1977

Parameters®
Total Solids lron
Total Volatile Solids Cadmium
Chemical Oxygen Demand Zinc
Nitrite and Nitrate Nitrogen Lead
Ammonia Nitrogen Copper
Total Phosphorus pH

NOTE: Sampling site locations are shown on Map 7.

9Results of chemical analyses for each sample are
tabulated in the appendix of USEPA research report.

Source: U.S. Environmental Protection Agency, Veri-
fication of the Water Quality Impacts of Combined
Sewer Overflow, Research Report EPA-600/2-79-144,
December 1979.

Table 18

LIST OF BOTTOM SEDIMENT QUALITY PARAMETERS
FOR SAMPLES TAKEN AT SEVEN SITES IN
THE MILWAUKEE RIVER DOWNSTREAM FROM THE NORTH
AVENUE DAM FOR THE COMBINED SEWER OVERFLOW
IMPACT STUDY: JANUARY 21, 1976

Parameters®
pH Nitrite Nitrogen
Oxidation-reduction Potential Nitrate Nitrogen
Total Solids Total Phosphorus
Volatile Solids Iron
20-day BOD Cadmium
Chemical Oxygen Demand Lead
Total Organic Carbon Copper
Ammonia Nitrogen Zinc

NOTE: Sampling site locations are shown on Map 7.

9Results of chemical analyses for each sample are tabulated on
page 18 of the USEPA research report.

Source: U.S. Environmental Protection Agency, Verification of
the Water Quality Impacts of Combined Sewer Overflow,
Research Report EPA-600/2-79-144, December 1979.




parameter for the reach below the North Avenue dam, the reach from the dam to
Capitol Drive, and the reach upstream from Capitol Drive is tabulated on page 60 of
the report.

Another sediment survey was conducted January 21, 1976 in the Milwaukee River down-
stream from the North Avenue dam at seven locations shown on Map 7. Parameters
analyzed for these samples are listed in Table 18. Three of these sediment samples
were also analyzed to determine if pollutants were associated with the solids or
the interstitial water. It was found that ammonia-nitrogen was the only readily
soluble pollutant and that all other pollutants were associated almost completely
with the solids.

Laboratory tests of settling velocity were conducted for suspended sediments from
the Milwaukee River, sampled in January 1977. It was found that, in general, more
than 90 percent of the suspended sediment settling velocities were greater than 20
inches per hour with less than 3 percent remaining in suspension after 15 hours.
Another test, for samples taken in February 1979, however, showed continued settling
after 40 hours with only slightly lower settling rates. The differences between
these two settling tests were considered insignificant. The settling tests were con-
ducted to estimate scouring velocity. Scouring velocity based on these data was
estimated to range from 0.01 to 0.1 foot per second for 10 to 20 percent of the Mil-
waukee River sediments. Summer scouring velocities may be somewhat higher, however,
because of temperature effects.

Sediment oxygen demand (SOD) was measured in 1977 "in situ" on the bed of the Mil-
waukee River, in the laboratory under quiescent conditions, and in the laboratory
under agitated conditions. In situ SOD measurements were made twice at five sites
downstream from the North Avenue dam, and once at three sites upstream from the dam.
Laboratory measurements of SOD under quiescent conditions were made in part to
relate the results to the field measurements, since the techniques applied were
newly developed. Samples for laboratory analysis were taken from the Milwaukee, Men-
omonee, and Kinnickinnic Rivers at the locations shown on Map 8. USEPA report Veri-
fication of the Water Quality Impacts of Combined Sewer Overflow tabulates the SOD
values for the 1977 in-situ and laboratory measurements. In-situ SOD in the Milwau-
kee River ranged from 0.0 to 6.7 grams per square meter per day in 1977. Laboratory
S0D for agitated conditions ranged from 66 to 1,370 grams per square meter per day
by comparison.

In-situ SOD was measured in 1975 at three sites in the Milwaukee River, and one
site each in the Menomonee and Kinnickinnic Rivers (Map 8). One measurement was
reported for each site in "River Monitoring Program" by Envirex with SOD ranging
from 0.0 in the Milwaukee River at Rangeline Road to 9.8 in the Milwaukee River at
Cherry Street.

Simulation Model Calibration: The U. S. Army Corps of Engineers Storage-Treat-
ment-Overflow-Runoff-Model {(STORM) was used to simulate suspended solids, carbona-
ceous BOD (CBOD), and fecal coliforms in combined and separate storm sewers
discharging to the Milwaukee River. To calibrate the model, water quality samples
were taken at outfalls during runoff events, along with in-stream water quality
samples from the Milwaukee River, Lincoln Creek, and the Kinnickinnic River at the
sites shown on Map 9. Six CSO outfalls, three storm sewer outfalls, and seven
instream sites were monitored for numerous events in the summer of 1977. The USEPA
report Verification of the Water Quality Impacts of Combined Sewer Overflow lists
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: Map 8
LOCATIONS OF SEDIMENT OXYGEN DEMAND, IN-SITU, AND LABORATORY ANALYSIS

SAMPLE SITES FOR THE MILWAUKEE, MENOMONEE, AND KINNICKINNIC RIVERS i
MILWAUKEE COUNTY FOR THE COMBINED SEWER OVERFLOW IMPACT STUDY:1975 AND 1977
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Map 9
LOCATIONS OF WATER QUALITY SAMPLING SITES AT COMBINED SEWER
OUTFALLS, STORM SEWER OUTFALLS, AND IN THE MILWAUKEE RIVER,
LINCOLN CREEK, AND THE KINNICKINNIC RIVER USED FOR CALI-
BRATION OF STORM FOR THE COMBINED SEWER OVERFLOW IMPACT STUDY
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the calibration data and dates of sampling for each CSO and storm sewer monitoring
site and compares these data with simulated values. CSO and storm sewer flow were
not monitored, however.

Harper's water quality model was used to simulate instream water quality using a
time-varying rate of sediment oxygen demand during runoff events and constant Lake
Michigan inflow to the Milwaukee River. The USEPA report cited above provides a des-
cription of this model.

Conclusions: The study concluded that approximately 40 to 50 percent of the oxygen
demanding bottom sediments in the Milwaukee River are discharged at CSO outfalls.
Sediment oxygen demand was reported to have been increased more than ten times,
compared to quiescent conditions, by the sediment scouring action of more than 40
submerged outfalls along both sides of the Milwaukee River in the CSO study area.
The scouring effect contributed about 40 to 70 percent of the dissolved oxygen
impact, with BOD loadings from CSO's contributing most of the remainder. Fecal
coliform impacts upon the Milwaukee River were reported to be solely attributable to
combined sewer overflows.

PCB Fish Survey of the Milwaukee and Kinnickinnic Rivers

In 1980 the USEPA conducted a fish survey of Region V to determine total PCB's on a
whole fish basis. The Milwaukee and Kinnickinnic Rivers were two of the streams
sampled and for which preliminary estimates of fish PCB content are provided below:

Total PCB
Sampling Location (Microgram/gram-wet weight)
Milwaukee River at North Avenue Dam 25.1
Milwaukee River at North Avenue Dam 11.0
Kinnickinnic River at Milwaukee 21.5

Refined values of PCB content will be determined for the samples taken from
the above locations using improved methods of gas chromatograph and mass spec-
tometer analysis.

Comprehensive Water Pollution Control Study-Milwaukee Area

The Federal Water Pollution Control Administration (FWPCA) published a report in
1966 describing a comprehensive water pollution study of the Milwaukee rivers, Mil-
waukee Harbor, and adjacent Milwaukee Bay.!'® Municipal, industrial, combined
sewer overflow, and nonpoint source pollutant loads to the Milwaukee Harbor were
estimated. Continuous monitoring of Lake Michigan currents near Milwaukee was
carried out over a 33-month period from 1962 to 1964 and included use of recording
current meters, anemometers, and thermographs. Nearly 20,000 current meter observa-
tions were made at the monitoring station near Milwaukee. In the fall of 1962 and
the summer of 1963 water quality surveys were made of the lower imnner harbor, the
outer harbor, and adjacent Milwaukee Bay with more than 2,400 samples collected.

'®Federal Water Pollution Control Administration, Comprehensive Water Pollu-
tion Control Program for the Lake Michigan Basin-Milwaukee Area, Wisconsin: Great
Lakes-lllinois River Basins Project, Chicago, lllinois, June 1966.
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Water quality parameters analyzed are listed in Table 19. Distribution of coliform
bacteria in the outer harbor, adjacent Milwaukee Bay, and offshore Lake Michigan are
shown on a map in the FWPCA report. Benthic fauna and phytoplankton data were also
collected during the study and population counts are presented in map-form in the
report for the lower Milwaukee, Menomonee, and Kinnickinnic River estuaries, the
outer harbor, adjacent Milwaukee Bay, and offshore Lake Michigan.

The study concluded that physical, chemical, biological, and microbiological
data indicated degraded water quality in the lower Milwaukee River, Milwaukee
Harbor, and adjacent Lake Michigan. Actions to alleviate water pollution problems
were recommended.

INTERNATIONAL JOINT COMMISSION

The International Joint Commission (IJC) was formed to implement the Boundary Waters
Treaty of 1909 for the purpose of coordinating activities of both nations in the
boundary waters to prevent and solve disputes, and to prepare rules and agreements
concerning activities by both nations. During the period 1973-1978 the IJC carried
out an intensive pilot study of the water quality of the Menomonee River watershed,
as one of eight watersheds studied in the Great Lakes basin. The principal objec-
tives of the study were to qualify and quantify major and trace pollutants in the
urbanized and urbanizing portions of the watershed, including but not limited to
nutrients, pesticides, and sediments moving in the stream systems; to identify
sources of these pollutants from areas of major urban development; to evaluate the
behavior of these pollutants in response to the activities of man and the influences
of nature; and to develop a means for transferring the acquired knowledge to other
urban settings throughout the Great Lakes Basin. The Wisconsin Department of Natural
Resources (DNR) was the lead agency for the Menomonee River portion of the IJC
study. A report summarizing the pilot watershed study was published in 1978 which
summarizes studies described in 11 separate volumes.?® Volume 10 of this series
deals specifically with the effects of the Milwaukee Harbor upon reduction of pol-
lutant loadings to Lake Michigan.?

Summary Report |JC Menomonee River Pilot Watershed Study

Water quality monitoring was conducted at 16 locations in the Menomonee River water-
shed. The monitoring stations were operated by the U.S. Geological Survey and the
DNR and locations are shown on Map 10. Data collected at these stations are sum-
marized in the International Joint Commission Menomonee River Pilot Watershed Study,
Volume 3, Surface Water Monitoring Data, which contains tables showing seasonal
mean concentrations, standard deviations, and sampling frequencies during normal and
high flow periods for the water quality parameters listed in Table 20. Similar data
for dissolved oxygen and conductance are presented for normal flow periods. Bacteria
counts for normal flow periods are also included in the IJC Study, Volume 3, Surface

2%john G. Konrad, Gordon Chesters, and Kurt W. Bauer, Summary Pilot Watershed
Report, Menomonee River Basin, Wisconsin, International Joint Commission,
International Reference Group on Great Lakes Pollution from Land Use Activities,
May 1978.

*'R. Bannerman, J.G. Konrad, and D. Becker, International Joint Commission
Menomonee River Pilot Watershed Study, Volume 10, Effects of Tributary I[nputs on
Lake Michigan During High Flows, October 1979.
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Table 19

WATER QUALITY PARAMETERS ANALYZED FOR
SAMPLES COLLECTED IN THE INNER HARBOR,
OUTER HARBOR, AND ADJACENT MILWAUKEE

BAY FOR THE WATER POLLUTION CONTROL

STUDY OF THE MILWAUKEE AREA BY THE
FEDERAL WATER POLLUTION CONTROL
ADMINISTRATION: 1962 AND 1963

Parameters
Phenol Silica
Ammonia Nitrogen Chloride
Nitrate Nitrogen Sulfate
Total Soluble Phosphate Dissolved Solids
Dissolved Oxygen Alkalinity
Water Temperature Calcium
Biochemical Oxygen Demand Magnesium
Total Coliform Bacteria pH
Fecal Streptococci

Source:

Federal Water Pollution Control Administration, Compre-
hensive Water Pollution Control Program for the Lake
Mighican Basin--Milwaukee Area, Wisconsin, Great Lakes-
lllinois  River  Basins  Project, Chicago, lllinois,
June 1966.
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Map 10

LOCATIONS OF STREAMFLOW, WATER
QUALITY, AND AQUATIC MACROINVER-
TEBRATE SAMPLING SITES MONITORED
FOR THE INTERNATIONAL JOINT
COMMISSION MENOMONEE RIVER PILOT
WATERSHED STUDY: 1975-1977
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Table 20

WATER QUALITY PARAMETER LIST FOR NORMAL AND
HIGH-FLOW PERIODS FOR THE MENOMONEE RIVER
SUMMARIZED IN THE STUDY BY THE INTERNATIONAL
JOINT COMMISSION FOR THE PERIOD 1975 TO 1977

Parameter®
Total Solids Bacteria
Suspended Solids Chlorides
Volatile Suspended Solids Lead
Alkalinity for Total Solids Cadmium
Hardness for Total Solids Copper
Dissolved Oxygen Zinc
Total Phosphorus Chromium
Soluble Phosphorus Nickel
Organic Nitrogen Iron
Ammonia Nitrogen Afuminum
Nitrite and Nitrate Nitrogen Mercury
Total Carbon Calcium
Conductance Magnesium

NOTE: Locations of sampling sites are shown on Map 10.

|

9Seasonal mean concentration, standard deviation, and sam-
pling frequency are summarized in Volume 3 of the IJC study.
Raw data are in the U.S. Environmental Protection Agency
data system [STORET). Dissolved oxygen and conductance
are summarized similarly in Volume 3 of the I|JC study for
normal flow periods only. Bacteria counts are presented
for normal and high-flow periods.

Source: John G. Konrad, Gordon Chesters, and Kurt W.
Bauer, 1JC Menomonee River Pilot Watershed Study,

Volume 3, Surface Water Monitoring Data, September
1978.
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Water Monitoring Data.?? Raw data are in the the U. S. Environmental Protection
Agency data system (STORET) and are available from the DNR. Particle size distribu-
tion, total phosphorus, and metals concentrations in the various size fractions were
determined for the soils in the watershed as well as for streambed material--14
sites-- and suspended sediment--11 sites. Metals measured were zinc, iron, chromium,
nickel, and manganese. In addition, particle size distributions and concentrations
of suspended sediments at 11 sites were tabulated for different positions on sampled
storm hydrographs and on seasonal hydrographs. Data on the dispersibility of soils
and clay-sized particles were also collected.

Stormwater runoff and snowmelt quality were monitored at 10 sites. Three of the
sites were drainage areas of one predominant land use, allowing for the calibration
and verification of an overland flow quantity-quality simulation model (LANDRUN) to
be used for evaluation of the effects of projected land use changes on pollution
loadings. Thirteen land use classifications were developed for the watershed area;
and areas for each land use category in each monitored basin were tabulated. Soil
types and physical characteristics of 48 subwatersheds were determined for use in
LANDRUN. Seasonal, annual, event, and unit area pollutant loadings were generated
and are presented for nonpoint sources of suspended sediment, total phosphorus, and
lead. Point source pollutant loadings are presented for suspended sediment and total
phosphorus. Loadings of other toxic and organic materials were found to be small.

The important effect of sediment characteristics on pollutant availability was
investigated, so that appropriate management strategies could be developed. Ground-
water and atmospheric pollutant loadings at 5 sites were measured, and their impacts
upon water quality evaluated. Biological data collected during the IJC study
included data from two macroinvertebrate surveys. Locations of the 14 sampling sites
are shown on Map 10. A table showing diversity index and biotic index at each sam-
pling site indicate moderate to heavy pollution, with only one sample at an agri-
cultural site indicating clean conditions by the diversity index.

The study concluded that, in rural areas, row crops and feed lots were two major
sources of suspended solids and phosphorus that could be controlled cost effec-
tively. In urban areas the management practice considered most cost-effective was
keeping pollutants from entering stormwater by carefully timed street sweeping dur-

ing spring cleanup and seed-fall, leaf pickup during the autumn, limiting street
salting in the winter, covering salt stockpiles and prewetting them with liquid cal-
cium chloride, curtailment of accelerated streambank erosion, and paving or covering
of other readily erodible surfaces. In combined sewer service areas, conveyance,
storage and treatment were generally identified as preferable to sewer separation.
However, dry weather street and sewer flushing was recommended, until sewer separa-
tion or storage and treatment of stormwater runoff can be implemented as a result of
further study. In urbanizing areas, control of construction-related erosion was
emphasized, along with maximizing infiltration. The study indicated benefits of
decreased pollutant washoff, stream bank erosion, and downstream flooding. It was
found that, although only 2.6 percent of the watershed was undergoing urban develop-
ment as of 1970, this part of the watershed contributed about 37 percent of the

22 john G. Konrad, Gordon Chesters, and Kurt W. Bauer, International Joint
Commission Menomonee River Pilot Watershed Study, Volume 3, Surface Water Moni-
toring Data, September 1978.
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suspended solids and 48 percent of the total phosphorus loading at the mouth of
the Menomonee River, thereby documenting the need for controls in developing
urban areas.

Lake Michigan Tributary Loadings Study

An ancillary study was included as Volume 10 of the IJC Menomonee River Pilot Water-
shed Study entitled Effects of Tributary Inputs on Lake Michigan During High Flows.
The purpose of the study was twofeld: 1) to determine effects of high-flow river
loadings on water quality in the harbor vicinity; and 2) to document dispersion of
these pollutant materials in Lake Michigan. The study was conducted by DNR person-
nel. An extensive amount of water sampling was carried out in the inner and outer
harbors, as well as in the near-shore zone of Lake Michigan during base-flow and
precipitation runoff periods. Current measurements were also made at the entrances
to the inner and outer harbors. Bottom sediments were sampled at 13 locations in the
inner and outer harbors and in Lake Michigan. Remotely sensed imagery was used to
monitor harbor and near-shore surface sediment plumes. Loadings to the inner harbor,
outer harbor, and Lake Michigan were estimated.

Water quality surveys were conducted in 1976 and 1977 during eight high-flow peri-
ods, during two normal-flow periods, and during a normal-flow period when a sediment
plume, originating updrift from Milwaukee, passed by the harbor. Samples were
collected at the surface and at 23-foot (7-meter) depths in the harbor, and at sur-
face and 33-foot (l0-meter) depths in the near-shore zone. Parameters sampled and
sampling dates are listed in Table 21. Sampling locations are shown on Map 11, and,
as the table shows, not all locations were sampled in every survey. Volume 10 of the
IJC study contains maps of sampling sites for each survey, however. Raw data for
each of the water quality surveys is tabulated in Volume 10 along with a baseflow
water quality summary for three of the harbor sites.??

Bottom sediments were sampled in the harbor and Lake Michigan during April 1976.
Site locations were selected to represent different sediments and rates of sedimen-
tation. Bottom sediment sampling site locations are shown on Map 11. Table 22 lists
the sediment quality parameters analyzed.

Mid-channel measurements of current speed and direction and water temperature at
5-foot (1.5 meter) depth intervals, along with supplemental surface and 23-foot
(7-meter) readings, were made at the entrance to the inner harbor and at the main
entrance of the outer harbor during one normal-flow period and on three days of high
runoff. Similar data were collected at the Broadway bridge during one normal-flow
survey. Normally, vertical velocity and temperature profiles were measured numerous
times at each sampling station on a given day. Table 23 1lists current sampling
dates, locations, and other pertinent data collected.

An estimate of annual pollutant loading rates was made for the inner and outer har-
bors and Lake Michigan using loading estimates for the Milwaukee, Menomonee, and
Kinnickinnic Rivers, and for the Jones Island sewage treatment plant, along with
estimates of residence time; and using a mass balance procedure. Generalized esti-
mates indicated that river loadings passing through the harbor to Lake Michigan were

23R. Bannerman, J.G. Konrad, and D. Becker, International Joint Commission
Menomonee River Pilot Watershed Study, Volume 10, Effects of Tributary lnputs on

Lake Michigan During High Flows, October 1979.
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WATER QUALITY PARAMETERS AND FREQUENCY OF SAMPLING IN THE INNER AND OUTER HARBORS

Table 21

AND THE NEARSHORE ZONE OF LAKE MICHIGAN DURING THE TRIBUTARY LOADINGS STUDY
1976 AND 1977

OF THE IJC MENOMONEE RIVER PILOT WATERSHED STUDY:

Sampling Dates and Number of Samples

Total
b b Number of

Parameter 2/13/76% | 2/25/76% | 4/8/76° | 7/28/76% | 8/28/76% | 979776 | 5/11/77° | 5/19/77° | 6/28/77% | 6/30/77% | 7/18/77% | Samples
Total Solids 12 18 30 22 32 22 -- -- -- -- -- 136
Suspended Solids 12 18 30 22 32 22 18 41 20 20 14 249
Total Phosphorus 12 18 30 22 32 22 18 41 20 20 14 249
Soluble Phosphorus -- 18 30 22 32 22 18 41 20 20 14 237
Organic Nitrogen == 18 30 22 32 22 -- - - - -- 124
Nitrite and Nitrate Nitrogen -- 18 30 22 32 22 - -- - - -- 124
Ammonia Nitrogen -- - -- - _— — - - - - - -0-
Chloride 12 18 30 22 -- -- -- - -- 8 14 104
Alkalinity 12 -- -- 22 32 22 -- -- -- -- -- 88
Total Organic Carbon -- - 4 - - - - - - - - 4
Lead -- 11 30 22 32 - -- - - - - 95
Zinc -~ 11 30 22 32 -- -- -- -- -- -- 95
Cadmium -- 11 -- 22 32 -- -- - -- -- -- 65
Chromium -~ 11 30 22 32 -- - - -- - - 95
Nickel -- -- -- - 26 - - - - - - 26
Copper -- 11 30 22 32 - - - - -- -- 95
Temperature -- 18 30 20 32 22 18 79 136 111 135 601
Dissolved Oxygen -- 18 26 20 32 22 18 39 20 16 14 225
Secchi Depth -- -- - - -- -- - 5 - - 6 11
Iron -- - 26 - - —- - - - _— - 26
Conductivity -- - -- -- -- - 18 20 - -- -- 38
NOTE: See Map 11 for the locations of sampling statioms.

gHigh-flow period

Normal flow period but high littoral drift

Normal flow period

Source:

IJC Menomonee River Pilot Watershed Study, Volume 10, Effects of Tributary Inputs

on Lake Mighican During High Flows, October 1979.
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Table 23

CURRENT AND WATER TEMPERATURE MEASUREMENT AT THREE LOCATIONS
IN MILWAUKEE HARBOR IN 1977 FOR THE TRIBUTARY LOADINGS
STUDY OF THE 1JC MENOMONEE RIVER PILOT WATERSHED STUDY

Date and Number of Vertical Profiles
Locationd May 19 | June 28 | June 30 | July 18
Broadway Bridge ............... 2b -- gy --
Inner Harbor Entrance ......... 7b 11P 7 1¢
- 4C€ 3¢ -
Outer Harbor Main Entrance.... gb 11b ' 9b --
—- 4¢ 3¢ --

NOTE: Current speed and direction along with water temperature were measured
at designated vertical intervals, and each vertical profile also contained
surface readings.

9Data were collected at mid-channel at each sampling site.
b . , .
1.5-meter vertical sampling interval.

€7-meter vertical sampling interval.

Source: 1JC Menomonee River Pilot Watershed Study, Volume 10, Effects of Tribu-

tary Inputs on Lake Michigan High Flows, October 1979.
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reduced to 45 percent for suspended solids, 61 percent for total phosphorus, and 35
percent for soluble phosphorus.

Evaluation of the dispersion of large event runoff plumes reaching Lake Michigan was
inhibited by the lack of large runoff events during the study period. One large
event occurred July 18, 1977 and was photographed by LANDSAT and by two overflights
by the DNR. The data from this imagery has not yet been interpreted.

The tributary loadings study concluded that, for most runoff events, only suspended
solids and total organic nitrogen concentrations increased significantly in the
inner harbor above normal flow levels. The harbor complex serves as a buffer between
the rivers and Lake Michigan for most runoff events, because near-shore zone water
quality usually was not affected significantly during high-flow periods. The rela-
tively large runoff event of July 18, 1977, however, caused significant increases in
concentrations of suspended solids and chlorides in the near-shore zone. The trans-
port of pollutants between the rivers and the near-shore area reportedly appeared to
be dominated, during most runoff events, by lake and harbor water-level oscilla-
tions, with pollutants apparently pulsing at intervals into Lake Michigan, perhaps
once each oscillation period of a seiche event. Stratified multi-directional flow
was observed during the high-flow events monitored, except for the largest event of
July 18, 1977 when surface velocities did not reverse direction.

The tributary loadings study recommended that pollutant concentrations should be
monitored seasonally in the free-flowing rivers, at 3 sites in the inner harbor, at
5 sites in the outer harbor, and at 5 sites in the near-shore zone near the break-
water. Runoff event sampling would require additional sampling sites to determine
accurate loadings. The study also recommended that remote sensing imagery obtained
near the end of the study should be evaluated, and that future investigations
utilize remote sensing. Continuous monitoring of flow velocity and water quality at
the breakwater openings was also recommended for determinations of loadings to Lake
Michigan.

WISCONSIN DEPARTMENT OF NATURAL RESOURCES

Studies or programs of the Department of Natural Resources (DNR) and its predecessor
agencies which have been conducted or are ongoing, and are relevant to the Milwaukee
Harbor Estuary Study Design are the Milwaukee County river basin assessment, the
inner harbor water quality monitoring program, the statewide PCB fish monitoring
program, the toxic substance surveys of Lake Michigan and its tributaries, the
statewide ambient surface water quality monitoring program, the toxic metals studies
in the lower Milwaukee River and Milwaukee Harbor, the water quality surveys of the
lower Milwaukee Harbor watershed, the sediment and water quality surveys of the
Burnham Canal, the study of benthic macroinvertebrates in the Milwaukee Harbor,
the Milwaukee County surface water pollution surveys of 1952-1953, and a statewide
assessment of chemical loadings to Lake Michigan by large rivers. These studies

or programs are discussed in the following sections of this chapter, in the order
given above.

Milwaukee County River Basins Study
During the period 1975-1977, the DNR conducted water quality surveys within Milwau-
kee County for the lower Milwaukee River, the Kinnickinnic River, and Oak Creek as
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part of the DNR water quality surveillance programs conducted statewide. The Menom-
onee River was not included in this monitoring program because data were already
being collected by the then ongoing International Joint Commission (IJC) Menomonee
River Pilot Watershed Study. The DNR conducted a one-year synoptic water quality
survey of the Milwaukee County basins and intensive surveys in selected water
quality problem areas. Chemical, physical, and biological water quality data,
including hazardous substances data, were collected. Fish data collected during
these surveys and previous surveys since 1967 were collated and included in the
study. Records of spills of toxic and hazardous substances were collated and sum-
marized in the report. An intensive low-flow water quality survey was made of the
Kinnickinnic River watershed for demonstration purposes to determine the feasibility
of conducting similar surveys in other basins. Runoff from Milwaukee Mitchell Field
was monitored to characterize the quality because little such data was then avail-
able. A draft report titled 'Milwaukee County River Basins Study' was prepared in
two volumes--the "Chemical and Physical Chapter," and the "Biological Chapter'--and
is on file at SEWRPC. The following sections describe the data DNR collected and the
study conclusions.

Chemical and Physical Water Quality: A physical and chemical water quality survey
was conducted from May 1975 through April 1976 in the lower Milwaukee River basin in
Milwaukee County and the entire Kinnickinnic River and Oak Creek basins. Because the
Oak Creek watershed is not tributary to the Milwaukee Harbor estuary, the Oak Creek
portion of the study will not be discussed. Data was collected monthly at nine sites
in the lower Milwaukee River basin and five sites in the Kinnickinnic River basin.
The sites are described in Table 24 and shown on Map 12. Sampling procedures are
described in the '"Chemical and Physical Chapter.”?* Water quality parameters

analyzed are listed in Table 25. Data were placed in STORET and are available from
the DNR.

Chemical and physical data are summarized in tables containing instantaneous monthly
chemical concentrations and discharge results, seasonal and period of record mean
concentrations of total phosphorus, total nitrogen, and total suspended solids with
standard deviations, instantaneous monthly chemical loadings by station, and stream
loadings in pounds per day. These tables are available from the DNR.

The water quality of the streams studied exhibited violations of the state and fed-
eral water quality standards and criteria as shown on Table 26.

All dissolved oxygen levels violating standards reportedly were associated with in-
creased levels of oxygen demanding materials, and occurred during periods of warm
water and low streamflow. These oxygen deficiencies were recorded in areas of the
lower Milwaukee and Kinnickinnic Rivers influenced by combined sewer overflow dis-
charge. The impoundment upstream from the North Avenue dam on the Milwaukee River
reportedly encouraged oxygen depletion immediately upstream, and anaerobic condi-
tions resulted periodically.

A strong relationship between the pollutant load to the rivers and the urban land
use drained was indicated by both discharge and concentration trends which were re-
flected by the pollution loading rates in the Milwaukee County rivers. In most in-

**DNR draft report, "Milwaukee County River Basins Study,” "Chemical and
Physical Chapter,” Wisconsin Department of Natural Resources, Southeast Dis-
trict, Milwaukee, Wisconsin (draft copy on file at SEWRPC).
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Table 24

DESCRIPTION OF MONTHLY CHEMICAL AND PHYSICAL
WATER QUALITY SAMPLING SITES AND STREAMFLOW MEASURING
SITES IN THE LOWER MILWAUKEE RIVER AND KINNICKINNIC
RIVER BASINS STUDY BY THE WISCONSIN DEPARTMENT
OF NATURAL RESOURCES: MAY 1975-APRIL 1976

DNR Water Streamflow
Station STORET | Quality | Measured
Location Number | Number | Site Site
Milwaukee River Basin
Lower Milwaukee River
Brown Deer Road.......... LMR-1 413063 Yes Yes
Green Tree Road.......... LMR-2 413066 Yes Yes
Silver Spring Drive ....... LMR-3 413080 Yes Yes
Capitol Drive.............. LMR-4 413072 Yes Yes
Below North Avenue Dam.. LMR-5 413073 Yes No
Wells Street ............... LMR-6 413067 Yes No
Lincoln Creek
Villard Avenue ............ LC-1 413071 Yes Yes
N. 40th Street ............ LC-2 413079 Yes Yes
Teutonia Avenue .......... LC-3 413070 Yes Yes
Indian Creek
Bradley Road.............. IC-1 413065 Yes Yes
Kinnickinnic River Basin
Kinnickinnic River
S. 35th Street............. KK=-1 413077 Yes Yes
S. 6th Street.............. KK-2 413069 Yes Yes
CeNW Railroad ............ KK-3 413078 Yes " No
Wilson Park Creek
Howell Avenue............. WPC-1 413082 Yes Yes
Okalhoma Avenue.......... WPC-2 413075 Yes Yes

NOTE: See Map 12 for sampling site locations.

Source: DNR draft report, "Chemical and Physical Chapter,” on file at SEWRPC?“
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Map 12

LOCATIONS OF CHEMICAL, PHYSICAL, AND SEDIMENT QUALITY
SAMPLING SITES AND STREAMFLOW MONITORING SITES IN THE

LOWER MILWAUKEE RIVER AND KINNICKINNIC RIVER WATERSHEDS
FOR THE MILWAUKEE COUNTY RIVER BASINS STUDY BY THE WISCONSIN
DEPARTMENT OF NATURAL RESOURCES: MAY 1975-APRIL 1976
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Table 25

LIST OF CHEMICAL AND PHYSICAL WATER
QUALITY PARAMETERS ANALYZED BY THE
WISCONSIN DEPARTMENT OF NATURAL
RESOURCES IN THE MILWAUKEE COUNTY
RIVER BASINS STUDY: MAY 1975-APRIL 1976

Parameters

Solids:
Total, total volatile, total suspended, and volatile
suspended solids

Phosphorus:
Total and dissolved phosphorus

Nitrogen:
Total organic, nitrite, nitrate, and ammonia nitrogen

Biochemical oxygen demand (BOD5)
Dissolved oxygen9
Temperature 9

pHP

NOTE: See Map 12 for sampling site locations.

apn; , ,
Dissolved oxygen and temperature profiles were simul-
taneously recorded at the time of water sampling with a
model 54, YSI meter, which was air calibrated daily prior
to use.

pH of the composited water sample was measured in the
field with a Rasher and Betzold colormetric kit.

Source: DNR draft report, "Chemical and Physical Chapter,”

on file at SEWRPCZ**




Table 26

NUMBER OF VIOLATIONS OF STATE AND FEDERAL WATER QUALITY STANDARDS
IN THE LOWER MILWAUKEE AND KINNICKINNIC RIVER WATERSHEDS
ACCORDING TO THE MILWAUKEE COUNTY RIVER BASINS STUDY BY

THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES: MAY 1975-APRIL 1976

Parameter
Water Dissolved Total Un-ionized
Sampling Station Temperature?@ Oxygenb Phosphorus® Ammoniad pHE
Milwaukee River Basin
Lower Milwaukee
River
LMR-T.. .. o 0 0 12 1 0
LMR-2........... 0 0 12 1 0
LMR-3........... 0 0 11 0 0
IMR-4........... 0 0 13 1 0
LMR-5.. ... .. 0 0 12 1 0
EMR-6........ ... 0 3 12 1 0
Lincoln Creek
LC-T... o et 0 0 2 1 0
LC-2.... .. 0 0 10 0 0
LC-3............ 0 1 7 1 0
Indian Creek
IC-T.. ..o . 0 0 5 0 0
Kinnickinnic River
Basin
Kinnickinnic River
KK-T............ 0 0 11 -- 0
KK-2............ 0 0 9 0
KK-3............ 0 19 9 1 0
Wilson Park Creek
WPC-1........... 0 0 6 -- 0
WPC-2........... 0 0 7 -- 0

“The water temperature standard is temperature change less than 5°F

the mixing zone.

bD/'sso/ved oxygen standard is 5.0 mg/l.

at the edge of

The variance standard is 2.0 mg/l.

“The total phosphorus standard is 0.1 mg/l.

dThe un-ionized ammonia standard is 0.02 mg/l.

®The pH standard is equal to or greater than 6.0 standard units and

than 9.0 standard units.

Source:

DNR draft report, "Chemical and Physical Chapter,” on file

equal to or less

at SEWRPC "
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stances, the mean annual total phosphorus and total nitrogen levels represented
levels reported for other urban rivers. The urban nature of the watershed was also
reflected in the predominantly inorganic nature of the solid material in the rivers.

The downstream, most-urbanized sections of the Milwaukee County rivers generated the
highest concentrations and the greatest loadings of water pollutants, especially
within the combined sewer service area. Pollutant loadings also increased as the
river discharge increased, indicating that the rivers of Milwaukee County were most
strongly influenced by wet-weather-induced urban runoff and, in some reaches, sani-
tary sewer overflow.

A significant portion of the mean annual discharge measured from Lincoln Creek, the
Kinnickinnic River, and Wilson Park Creek, was contributed by point source dis-
charges, excluding combined sewer overflows. Point sources were not generally
sampled for all stream parameters because some dischargers did not routinely cause
water quality stream violations. The pollutant loads from the lower Milwaukee River
and the Kinnickinnic River to Lake Michigan were approximated by using data from the
downstream-most sampling stations where both flow and chemical concentrations were
measured: sampling stations LMR-4 (Capitol Drive) and KK-2 (S. 6th Street), respec-
tively (see Map 12). The mean annual loading to Lake Michigan, based on twelve in-
stantaneous samples, is given in Table 27.

Aquatic Biology: Included in the DNR Milwaukee County River Basins Study was a
biological investigation described in the draft copy titled "Biological Chapter."
Studies were made of benthic macroinvertebrates, primary producers, fish, and fecal
coliform contamination.

Benthic Macroinvertebrates: Benthic macroinvertebrate data were collected by the
DNR October 27-31, 1975, in the lower Milwaukee River and the Kinnickinnic River.
Quantitative samples were taken in riffle areas with qualitative data being taken
from other characteristic aquatic habitats. These data were collected because ben-
thic macroinvertebrates are relatively good short- and long-term water quality indi-
cators and because of their relative abundance, lack of mobility, quick response to
water contamination, long lifespan, and ease of collection and identification. Lo-
cations of the sampling sites are shown on Map 13 for the lower Milwaukee River and
Kinnickinnic River watersheds. Descriptions of sampling sites are presented in Table
28. Man-modified stream reaches were assumed to be habitat-limited and were not
sampled for water quality interpretation purposes. Field and laboratory procedures
are described in detail in the "Biological Chapter.'?2%

Statistical analyses were conducted on the sampling data to determine hierarchical
diversity by tolerance classification, Simpson's similarity index, Hilsenhoff's
biotic index, and variance. Mean number of individuals for each taxon at each sta-
tion per square foot, along with corresponding standard deviations, were computed
for the lower Milwaukee and Kinnickinnic River watersheds. In addition, “mean number
of individuals and taxa per square foot in each tolerance classification; community
diversity of the taxa and diversity contributed by the tolerance classifications as

25DNR draft report, "Milwaukee County River Basins Study,” "Biological Chapter,"
Wisconsin Department of Natural Resources, Southeast District, Milwaukee, Wisconsin
(draft copy on file at SEWRPC).
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Table 27

ESTIMATED MEAN ANNUAL LOADING TO LAKE MICHIGAN
FROM THE MILWAUKEE AND KINNICKINNIC RIVERS
ACCORDING TO THE MILWAUKEE COUNTY RIVER BASINS STUDY
BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES

Mean Annual Loading to Lake Michigan
(pounds per day)?
Parameter Lower Milwaukee River®| Kinnickinnic River¢

Total Phosphorus........ 755 25
Total Nitrogen........... 9,300 188
Suspended Solids........ 250,000 5,400
Biochemical Oxygen

Demand (BODS) ........ 16,000 810

9IMean annual loading to Lake Michigan based on twelve instantaneous samplings.

Over 37 percent of the mean pollutant annual load from the Milwaukee River was

contributed from within Milwaukee County. Based on the difference between the
mean annual pollutant load at LMR-1 and LMR-4 (see Table 24), 19 percent of the
total phosphorus, 26 percent of the total nitrogen, 66 percent of the total sus-

pended solids, and 38 percent of the biochemical oxygen demand originated in the

Milwaukee County portion of the Milwaukee River Basin.

“The upstream station, KK-1, contributed about 27 percent of the mean annual
load, while Wilson Park Creek contributed 31 percent.

Source: DNR draft report, "Chemical and Physical Chapter,” on file at SEWRPC?
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Table 28

DESCRIPTIONS OF BENTHIC MACROINVERTEBRATE SITES SAMPLED ON

OCTOBER 27-31,

1975

IN THE LOWER MILWAUKEE RIVER AND

KINNICKINNIC RIVER WATERSHEDS FOR THE MILWAUKEE COUNTY
RIVER BASINS STUDY BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES

DNR Station

Location Number Site Characteristics
Lower Milwaukee River

Brown Deer Road, LMR~-1M Riffle current over sand, gravei,

200 yards downstream and rock bar. Myriophylium up-
stream from site.

Greentree Road, LMR-2M Riffle current over gravel and

200 yards downstream rock bar. Myriophyilum and
filamentous blue-green algae
on substrate.

Capito! Drive, LMR~-3M Riffle current over sand, gravel,

75 yards downstream rock and boulder bar. Myrio-
phylium upstream from site,.
Downstream of combined sewer
overfliow outfall.

Lincoin Creek

4oth Street footbridge, LC-1M Riffle current over detritus,

20 yards downstream sand, gravel, and rock bar,
Elodea and filamentous algae
present. Oil film on water
surface. Abundant debris.

Kinnickinnic River

S. b43rd Street, KR-1M Riffle current over sand, gravel,

300 yards upstream and rock bar, Leaves abundant
on substrate.

S. 4th Street KR=-2M Riffle over sand, gravel, and
rock bar, Rocks covered with
green slime and tarlike mate-
rial, Salmon swimming upstream,

Wilson Park Creek
Morgan Avenue, WPC-1M Riffie over sand, gravel, and

100 yards downstream

rock bar. Abundant filamentous
algae on rock substrates. Sub-
strate oil laden. 0il on water
surface.

dsee Map 13 for sampling site focations.

Source: DNR draft report, "Biological Chapter,” on file at SEWRPC.2S
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a whole and individually; biotic index values of the streams; and Simpson's simi-
larity index'?® were tabulated and are presented in the "Biological Chapter'.

The macroinvertebrate study found 53 taxa in the lower Milwaukee River, 22 taxa in
Lincoln Creek, 27 taxa in the Kinnickinnic River, and 19 taxa in Wilson Park Creek.
In the lower Milwaukee River, the community diversity index ranged from 2.22 to
2.47. No dominant taxa were found and most taxa were found at each sampling sta-
tion. In Lincoln Creek, as in the lower Milwaukee River, no dominant taxa were
found. In the Kinnickinnic River most of the taxa found were present at both sam-
pling stations. In Wilson Park Creek 13 taxa were found which also were found in
the Kinnickinnic River.

The study concluded that the data were statistically valid for station comparison
purposes. The benthic macroinvertebrate community reportedly indicated that water
quality of the lower Milwaukee River was fair to poor, with quality decreasing in a
downstream direction. Figure 2 presents biotic index values for each of the four
lower Milwaukee River watershed sampling stations illustrating the downstream de-
crease in water quality. Lincoln Creek water quality was judged poor, based on the
biotic index shown in Figure 2, the dominance of very pollution tolerant organisms,
low population densities, and low diversity. Benthic macroinvertebrates in the Kin-
nickinnic River and Wilson Park Creek were found to be severely limited by water
quality, as indicated by the biotic index shown in Figure 3. Sampling sites were
occupied primarily by pollution tolerant organisms with low population densities and
low diversity. The extent of human-modified habitat, and the erratic streamflow con-
ditions were also considered limiting factors.

Phytoplankton and Periphyton: During the period June 1975 to May 1976, the DNR
collected phytoplankton and periphyton data with major emphasis on diatoms in the
periphyton community. Populations were evaluated based on community diversity, bio-
mass, and pollution tolerance. Periphyton, phytoplankton, and chlorophyll-a samples
were collected at six sites on the lower Milwaukee River, three on Lincoln Creek,
and five on the Kinnickinnic River. Sampling site locations are shown on Map 13.
Physical and chemical water quality data, discussed previously, were collected in
conjunction with the biological sampling. The '"Biological Chapter" of the draft
report ''Milwaukee County River Basins Study" describes field and laboratory pro-
cedures in detail.

Artificial substrates were used for periphyton with occasional samples taken from
the stream bottom when artificial substrates were lost. Samples were taken at
approximately one-month intervals. Diatoms were generally identified to the generic
level and counted. Community diversity at the generic level was determined using the
Shannon-Weaver index. Maximum possible diversity and community evenness were also
determined along with hierarchical diversity at the generic and family levels, and
the mean diversity within families.

Families and genera of periphyton and phytoplankton found in each stream are listed
in Table 29. The number of individuals of periphytic and planktonic diatoms, diver-

sity indices, and chlorophyll-a values were tabulated in the Appendices of the
"Biological Chapter." Summary descriptions of these data follow to demonstrate that

2¢/bid.
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Figure 2

BIOTIC INDEX VALUES FOR THE MACROINVERTEBRATE COMMUNITY IN THE
LOWER MILWAUKEE RIVER WATERSHED FOR SAMPLES COLLECTED
OCTOBER 27-31, 1975 BY THE WISCONSIN DEPARTMENT OF

NATURAL RESOURCES FOR THE MILWAUKEE COUNTY RIVER BASINS STUDY
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Source: DNR draft report, "Biological Chapter," on file at SEWRPCZ®

Figure 3

BIOTIC INDEX FOR THE MACROINVERTEBRATE COM-
MUNITY IN THE KINNICKINNIC RIVER WATERSHED FOR SAMPLES
COLLECTED OCTOBER 27~31, 1975 BY THE WISCONSIN
DEPARTMENT OF NATURAL RESOURCES FOR
THE MILWAUKEE COUNTY RIVER BASINS STUDY
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Table 29

FAMILIES AND GENERA OF PERIPHYTIC AND PLANKTONIC DIATOMS
COLLECTED IN THE LOWER MILWAUKEE RIVER AND KINNICKINNIC RIVER
WATERSHEDS BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES FOR
THE MILWAUKEE COUNTY RIVER BASINS STUDY: MAY 1975-APRIL 1976

Family Genera

Lower Milwaukee River Watershed

Coscinodiscaceae............. Melosira,® Cyclotella
Fragilariaceae ............... Tabellaria,b Diatoma,a Fragilaria,
Synedra
Naviculaceae................. Navicula, Gyrosigma
Cymbellaceae ................ Amphora,a Cymbellac
Gomphonemaceae............. Gomphonema
Achnanthaceae............... Cocconeis, Achnanthes,

Rhoicosphenia

Nitzschiaceae ................ Nitzschia

. . c a,c
Surirellaceae ................ Surirella,” Cymatopleura ™’ "’

Kinnickinnic River Watershed

Coscinodiscaceaed ........... Melosif'a,d Cyclotellad
Fragilariaceae ............... Tabellaria,d Diatoma,d Fragilaria,
Synedra
Naviculaceae................. Navicula, Pinnular'iad
Nitzschiaceae................ Nitzschia
Gomphonemaceae............. Gomphonema
Achnanthaceae............... Cocconeis, Achnanthes,
Rhoicospheniad
Cymbellaceae ................ Cymbella, Amphorad
Surirellaceae ................ Surirella, Cymatopleurad

INot represented in Lincoln Creek.
bPIanktonic only.
CPer'iphytic only.

dNot represented in Wilson Park Creek.

Source: DNR draft report, "Biological Chapter," on file at SEWRPC2®
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adequate data and analyses of periphyton and phytoplankton may already exist to
characterize these parameters in the Milwaukee and Kinnickinnic Rivers for existing
conditions.

Eight families of periphyton and phytoplankton combined, including 16 genera, were
found in the lower Milwaukee River. Cocconeis and Navicula were the most prevalent
genera. Community diversity ranged from 0.25 to 0.81 during the study period. In
Lincoln Creek, 8 families and 11 genera were found. Achnanthes and Gomphonema were
the most common genera. Diversity ranged from 0.22 to 0.68. In the Kinnickinnic
River, 8 families, including 17 genera, were found. Gomphonema, Surirella, and Nitz-
schia were the most common genera. Diversity ranged from 0.16 to 0.75. In Wilson
Park Creek, 7 families, including 9 genera, were found with Achnanthes being the
most dominant genera in almost every sample. Diversity ranged from 0.14 to 0.56.
Chlorophyll-a ranged from 1.8 to 216 milligrams per square meter in the lower Mil-
waukee River, 5.5 to 350 in Lincoln Creek, 0.0 to 97 in the Kinnickinnic River, and
0.0 to 40 in Wilson Park Creek.

In the lower Milwaukee River, phytoplankton were specifically sampled in October
1975, for identification and counting. Seven families, including 14 genera, were
found. Cyclotella was the most common genera. Community diversity ranged from 0.71
to 0.88. Chlorophyll-a concentrations in the lower Milwaukee River and Lincoln
Creek, based on 74 phytoplankton samples, were very small or undetectable, as was
the case in the Kinnickinnic River basin as indicated by 22 samples.

Tolerant to very tolerant genera were dominant in the periphyton samples in the
lower Milwaukee River. The more tolerant genera found were Navicula, Nitzschia,
and Cyclotella. Stations IMR-2P, LMR-4P, and IMR-6P (Map 13) had relatively high
values of diversity and evenness. Phytoplankton samples also indicated relatively
high values of diversity and evenness, indicating that no one genus was dominant at
these locations.

Periphyton biomass, based on chlorophyll-a data, was about the same at all the lower
Milwaukee River stations, and in general was relatively low. Optical density ratios
and pheophytin indicated that periphyton communities were in poor physiological con-
dition. Phytoplankton biomass was also low at all sampling stations.

In Lincoln Creek pollution tolerant genera also dominated in the periphyton samples
collected, and included in part Nitzschia, Navicula, and Gomphonema. Community
diversity, however, was low in all the samples taken, as was evenness. Biomass was
relatively low in most samples and the physiological condition of the community was
poor. Phytoplankton biomass was considered negligible.

In the Kinnickinnic River, pollution tolerant genera dominated in the periphyton
samples collected. Station KK-3P (Map 13) data suggested much influence by Lake
Michigan at this site containing lower numbers of pollution tolerant genera. The
more pollution tolerant genera found included Gomphonema, Nitzschia, and Surirella.
Diversity and evenness were generally low except at the lower site affected by Lake
Michigan where these values were much higher. Periphyton biomass was low as was that
for phytoplankton.

In Wilson Park Creek, pollution tolerant organisms again dominated. However, only
9 of the 17 genera found in the Kinnickinnic River were found in Wilson Park Creek
with a large number of facultative genera being found in all samples. Nitzschia and
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Surirella were the dominant nonfacultative pollution tolerant genera, with Achnan-
thes being the dominant facultative genera. Community diversity and evenness were
low, as was biomass. The periphyton community was in poor physiological condition.

The report concluded that the algae data indicated generally fair water quality in
the lower Milwaukee River. The quality of upper Lincoln Creek was considered rela-
tively good, with poor quality in the most downstream reaches having a detrimental
effect on the Milwaukee River. Phytoplankton in the lower Milwaukee River watershed
was considered insignificant and not useful as a water quality indicator. Water
quality in the Kinnickinnic River was considered generally poor, with somewhat
better quality indicated in Wilson Park Creek. Phytoplankton in these two streams
were insignificant and considered useless as a water quality indicator.

Fish: Fish population data from DNR surveys and surveys of others in Milwaukee
County rivers and streams were collated by the DNR and evaluated in the 'Milwaukee
County River Basins Study." The data were collected at the sites shown on Map 13 for
the lower Milwaukee and Kinnickinnic River watersheds. The lower Milwaukee River
fish surveys were made from November 1967 to February 1976, with the Kinnickinnic
River survey being made in September 1975. Table 30 lists the dates of each indi-
vidual fish survey, the sampling station locations, and the collection methods. Fish
data collected by the Wisconsin Electric Power Company in 1976, and discussed later
in this chapter, at the Commerce Street Power Plant were included with the data
evaluated by the DNR. Fish collection techniques are discussed in detail in the
"Biological Chapter" of the study. Fish species found are listed in Table 31. The
"Biological Chapter" of the study presents tables listing the number of individuals
of fish species collected, corresponding sampling stations, and sampling dates in
the lower Milwaukee River watershed. Only one fish--a goldfish--was found in the
Kinnickinnic River watershed in Wilson Park Creek.

The report concluded that generally good water quality was found in the lower Mil-
waukee River upstream from the combined sewer outfall area and industrialized areas
as indicated by the fish species found there, many of which are intolerant to tur-
bidity and siltation. The greater redhorse (Moxostoma valenciennesi), normally found
in large, clear sand and gravel streams, was found in September 1969 at Site LMR-2F
(Map 13), and is indicative of good water quality at that location and time. Numer-
ous other species, intolerant of turbidity and siltation, were also found in
the lower Milwaukee River upstream from combined sewer outfall areas and indus-
trialized areas. Fish populations in the Kinnickinnic River watershed were noted
to be severely limited by habitat and streamflow regime. Additional fish surveys in
this watershed were recommended to determine if populations are habitat or water
quality limited.

Fecal Bacteria: Fecal coliform and fecal streptococcus bacteria data collected by
the DNR, the City of Milwaukee Health Department, and the U. S. Geological Survey
were used in the ""Milwaukee County River Basins Study" to qualify and quantify bac-
terial conditions in the lower Milwaukee River and Kinnickinnic River watershed.
Bacteria sampling site locations are shown on Map 13 for the lower Milwaukee River
and Kinnickinnic River watersheds. Fecal coliform sampling data were collected by
the DNR at about one-month intervals in 1975 and 1976, beginning in May 1975, and
were discontinued in either April or October 1976 at each site. City of Milwaukee
Health Department fecal coliform samples collected in June, July and August in the
years 1974-1977, inclusive, were included with the data evaluated, along with fecal
coliform and fecal streptococcus data collected monthly from October 1973 to Septem-
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Table 30

FISH SURVEY LOCATIONS, DATES, AND COLLECTION METHODS
IN THE LOWER MILWAUKEE AND KINNICKINNIC RIVER WATERSHEDS
INCLUDED IN THE MILWAUKEE COUNTY RIVER BASINS STUDY
BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES:
NOVEMBER 1967-SEPTEMBER 1975

Sample Station Collection Collection
Number and Location Date Method?9
Lower Milwaukee River
LMR-1F County Line Road .......... 10/70 ]
LMR-2F Brown Deer Road........... 11/67 1
Brown Deer Road........... 9/69 1
LMR-3F Range Line Road ........... 10/70 1
LMR-4F Green Tree Road........... 9/69 1
Good Hope Road............ 10/70 1
Green Tree Road........... 9/75 2
LMR-5F Estabrook Parkway ......... 9/75 2
LMR-6F North Avenue Dam to
the Milwaukee Bay......... 5/72 . 4
Brown Deer Creek
BDC-1F Range Line Road ........... 9/75 3
indian Creek
IC-1F River Road................. 9/75 2
Lincoin Creek
LC-1F 60th Street................. 9/75 2
LC-2F 23rd and Villard
Avenue. ......oovui... 9/75 2
Kinnickinnic River
KR-1F 43rd Street................. 9/75 2
Wilson Park Creek
WPC-1F Howard Avenue............. 9/75 2

NOTE: Fish data utilized in the study but collected by the Wisconsin Electric
Power Company (WEPCQ) in 1976, are presented in the WEPCO section of
this chapter for the intake monitoring study at the Commerce Street Power
Plant on the Milwaukee River.

97-small mesh seine; 2-stream shocker; 3-long line shocker; 4-boomshocker.

Source: DNR draft report, "Biological Chapter,” on file at SEWRPC?®
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FISH SPECIES FOUND
WATERSHEDS
WISCONSIN DEPARTMENT OF NATURAL RESOURCES:

INCLUDED

Tabie 31

IN THE LOWER MILWAUKEE RIVER AND KINNICKINNIC RIVER
IN THE MILWAUKEE COUNTY RIVER BASINS STUDY BY THE
NOVEMBER 1967-FEBRUARY 1976

Lower Milwaukee River

Lower Milwaukee River Tributaries

a

Common Name

Common shiner.,...
Striped shiner...

Spottail shiner,.
spotfin shiner.,.
Sand shiner......
Emerald shiner...
Stoneroller,.....
Longnose dace....
Large scale

stoneroilfer,.....

Carp..eseeennenns
Bluntnose minnow.
Fathead minnow...
Mud minnow..... .
Hornyhead chub...
Golden shiner....

Goldfish.........
Carp X goldfish..
Common x striped

shiner.......

P

e e & s s &

e e e

Brook stickieback,

Northern pike....

Scientific Name

Notropis cornutus

Notropis chryso-
cepahlus

Notropis hudsonius

Notropis spilopterus

Notropis stramineus

Notropis atherinoides

Campostoma anomajum

Rhinichthys cetaractae

Campostoma anomalum
oligolepis

Cyprinus carpio

Pimephales notatus

Pimephales promelas

Umbra [imi

Nocomis biguttatus

Notemigonus cryso-
leucas

Carassius auratus

Culaea inconstans

Esox lucius

common Name

Shorthead red-

horse.....ovvueens

Greater red-
horse..........
Black bulihead..
Yellow bulihead.
Brown bul ilhead..
Stonecat........
Channei{ catfish.
Tadpole madtom. .
Rock bass.......
Biack crappie...

Green sunfish.,..
Pumpkinseed.....
Bluegill........
Largemouth bass.
Johnny darter...
Log perch.......
Yellow perch,,...
Btackside darter
Alewife.........
Smelt...........
Gizzard shad....
White sucker,,..

T

e e e e e

Scientific Name

Moxostoma macrolepi-
dotum

Moxostoma valenciennesi

fctalurus melas
Ictalurus natalis
Ifctalurus nebulosus
Noturus flavus
Ictalusus punctatus
Noturus gyrinus
Ambloplites rupestris
Pomoxis nigroma=-
culatus

Lepomis cyanellus
Lepomis gibbosus
Lepomis macrochjrus
Micropterus salimoides
Etheostoma nigrum
Percina caprodes
Perca flavescens
Percina maculata
Alosa pseudoharengus
Osmerus mordax
Dorosoma cepedianum
Catostomus commersoni

Common Name

Northern Pike...
carp......
Common shiner...
Spottail shiner.,

s e

Spotfin shiner..

Sand shiner.....

Bluntnose minnow.

Fathead minnow. .

Goidfish........
Creek chub

white sucker....
Yellow bullhead.
Green sunfish...
Pumpkinseed.....
Largemouth bass.

Logperch........

.

Scientific Name

Esox ifucius

Cyprinus carpio

Notropis cornutus

Notropis hud-
sonius

Notropis spil-

opterus

Notropts
stamineus

PimephaTes
notatus

Pimephales
romleas
Carassius auratus
Semotilus atroma-
culatus
Catastomus
commersoni
fctalurus natalis
Lepomis cyanel lus
Lepomis gibbosus
Micropterus
saimoides
Percina caprodes

Kinnickinnic River

Goldfish.........

Carassius auratus

éBrown Deer Creek, Indian Creek, and Lincoln Creek.

Source:

DNR draft report, "Biological Chapter," on file at SEWRPC.2®




ber 1976 by the U. S. Geological Survey (USGS) at the gaging station on the Milwau-
kee River at Estabrook Park. Sampling dates and bacteria counts are listed in the
"Biological Chapter'" of the study for the DNR samples. USGS data are also summarized
in the "Biological Chapter' which presents sampling dates, fecal coliform and fecal
streptococcus counts, and ratios of fecal coliforms to fecal streptococci.

City of Milwaukee Health Department data are also summarized in the '"Biological
Chapter" which presents monthly geometric mean fecal coliform counts, monthly
ranges, and the percentage of samples violating fecal bacteria standards. The chap-

ter also includes a discussion on field and laboratory methods, which were the same
for all three agencies.

The DNR compared the sample data to fecal coliform standards for Milwaukee County
surface waters which are presented in Table 32. The study concluded that "surface
waters within Milwaukee County were grossly contaminated by fecal material" as evi-
denced by Figures 4, 5, and 6, which show the percentage of viclations of the fecal
coliform standards in the lower Milwaukee River, Lincoln Creek, and the Kinnickinnic
River during the summer recreation season. Annual data collected by the DNR and USGS
indicated that the entire lower Milwaukee River, Lincoln Creek, and the Kinnickinnic
River were unfit for any water-based recreation. The major sources of fecal coli-
form contamination were reported to be sanitary sewage flow-relief devices and
combined sewer outflows. This was based in part upon the ratios of fecal coliform
to fecal streptococci for the USGS samples, which indicate that a majority of the
fecal material was of human origin rather than from nonpoint sources. Fecal
coliform counts were high not only in the stream reaches draining combined sewer

service areas, but in upstream reaches containing outfalls for sanitary sewer
flow-relief devices.

Hazardous Substances: An investigation was conducted in 1975-1976 of the hazard-
ous materials within the Milwaukee County river basins as a component of the "Mil-
waukee County River Basin Study', reported in the "Chemical and Physical Chapter."

The primary objectives for conducting this survey were to identify the toxic and
hazardous contaminants and document their concentrations within the rivers of Mil-
waukee County. Hazardous and toxic material concentrations within the water samples
were compared with USEPA recommended criteria for fish and other aquatic life (Table

33). Instream sediments were classified according to EPA pollution severity guide-
lines (Table 34).

Data collected included monthly water samples taken from locations throughout Mil-
waukee County, and muck type sediment samples taken from areas of recent sediment
deposition. Sampling stations were selected to reflect changing land use.

Ten water quality and eight sediment quality sampling stations were established on
the lower Milwaukee River and its tributaries, while the Kinnickinnic River and its
tributaries had five water and six sediment sampling stations. The sites are shown
on Map 12.

Fresh snowfall samples were collected for PCB analysis from six sites during 1975
and four sites in 1976 at sites in the City of Milwaukee, and the Counties of Fond
du Lac, Kenosha, Ozaukee, Racine and Washington. Table 35 presents PCB concentra-
tions, sampling dates and sampling location descriptions.
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Table 32

FECAL COLIFORM STANDARDS FOR SURFACE
WATERS IN MILWAUKEE COUNTY

, Standards
Stream 30—Daya 10 Percentb
Lower Milwaukee River
Above North Avenue Dam.. 200 400
Below North Avenue Dam.. 1,000 --
Lincoln Creek ............... 1,000 2,000
Kinnickinnic River........... 1,000 2,000

Maximum 30-day geometric mean of fecal coliform per 100 milliliters.

bMaximum count of fecal coliforms per 100 milliliters in highest 10
percent of monthly samples.

Source: DNR draft report, "Biological Chapter,” on file at SEWRPC®



Figure 4

PERCENTAGE OF SUMMER MONTHLY GEOMETRIC MEANS IN
VIOLATION OF FECAL COLIFORM STANDARDS IN
THE LOWER MILWAUKEE RIVER: 1974-1977
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b STANDARD 30 - DAY GEOMETRIC MEAN NOT TO EXCEED OO0 FECAL COLIFORM PER {OO MILLILETERS

Source: City of Milwaukee Health Depaftment and DNR draft report, "Biological
Chapter," on file at SEWRPC ?°®
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Figure 5

PERCENTAGE OF SUMMER MONTHLY GEOMETRIC MEANS
IN VIOLATION OF FECAL COLIFORM STANDARDS
IN LINCOLN CREEK: 1974-1977
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Figure 6

PERCENTAGE OF SUMMER MONTHLY GEOMETRIC MEANS
IN VIOLATION OF FECAL COLIFORM STANDARDS IN
THE KINNICKINNIC RIVER: 1974-1977
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STANDARD. 30-DAY GEOMETRIC MEAN NOT TO EXCEED I,000 FECAL COLIFORM PER
100 MILLILETERS. 10% OF SAMPLES NOT TO EXCEED 2,000 PER 100
MILL ILETERS

Source: City of Milwaukee Health Department and DNR draft report,
"Biological Chapter," on file at SEWRPC *®



Table 33

U.S. ENVIRONMENTAL PROTECTION AGENCY RECOMMENDED
WATER QUALITY CRITERIA FOR MATERIALS TOXIC AND
HAZARDOUS TO FISH AND OTHER AQUATIC LIFE

EPA Recommended EPA Recommended
Parameter Criteria (ug/h¢ Parameter Criteria (ug/l)
PCB......... .001 Heptachlor ...... 0.001
Cadmium . 12 ng/l hard water | Aldrin-Dieldrin. 0.003/0.01
4 nug/l soft water DDT ............ 0.001
Chromium ... 100 DDE............. 0.001
Copper...... 47 Methoxychior . ... 0.03
Lead ........ 4,820 DDD ............ --
Zinc......... 82 Heptachlor-
Nickel ....... 100 epoxide ........ 0.001P
Mercury..... 0.05 Diethylhexyl
Lindane ..... 0.01 phthalate....... 3.00
9References: U.S. Environmental Protection Agency, Quality Criteria for Water,
July 1976.
bU.S. Environmental Protection Agency, Quality Criteria for Water, March 1973.
Source: DNR draft report, "Chemical and Physical Chapter," on file at SEWRPC**
Table 34
U.S. ENVIRONMENTAL PROTECTION AGENCY SEDIMENT
POLLUTION CATEGORIES USING BULK SEDIMENT ANALYSIS
Concentration (mg/kg)
Moderately Highly
Parameter Nonpolluted Polluted Polluted
Cadmium® .............. -- -~ 6
Chromium .............. 25 25-75 75
Copper...c.oviviiannn.. 25 25-50 50
Lead ... .. 40 40-60 60
Zinc...ooiiiiii.. 90 90-200 200
Nickel .................. 20 20-50 50
Mercury ................ 1.0 N/A 10
PCB.......coi.. 10 10 N/A
NOTE: N/A indicates data are not available.

al_ower limits not established.

Source:
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Table 35

PCB CONCENTRATIONS IN SNOW SAMPLES COLLECTED FOR
THE MILWAUKEE COUNTY RIVER BASINS STUDY BY THE
WISCONSIN DEPARTMENT OF NATURAL RESOURCES: 1975 AND 1976

Date PCB
Location Sampled ug/l
Milwaukee County
{1) Milwaukee River at Confluence
with Kinnickinnic River........... -- 0.10
{2) Juneau Park at Milwaukee
Lake Front.......... . .......... 2/26/75 0.12
(3} Juneau Park at Milwaukee
Lake Front.........ocovuoun.. 12/03/76 --9
(4) Underwood Creek Parkway........ 12/03/76 -9
Racine County
{1) 16th and Main at Racine
Lake Front ........ ... ... ... .. ... 2/26/75 0.17
(2) East High Street, Racine ......... 12/03/76 --4a
Kenosha County
(1) 5th Avenue Branch at Kenosha
Lake Front ... ... ... .. ........ 2/26/75 0.22
(2) Alford Park at Highway
32 in Kenosha .......oovvuvn.... 12/06/76 --g
Washington County
(1) Ject. Highways 45 and 60,
South of West Bend ............. 3/06/75 --g
Fond du Lac County
(1) Morraine Bridge East Branch of
Milwaukee River, North-
east of Kewaskum ............... 3/06/75 --g
Ozaukee County
(1) Grafton High School .............. 2/26/75 --4

9Befow detectabifity levels.

Source: DNR draft report, "Chemical and Physical Chapter," on file at SEWRPCZ*
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Occasionally, the concentrations of toxic and hazardous substances in water samples
from the rivers of Milwaukee County exceeded levels documented as toxic to aquatic
life (Table 36). It should be noted that EPA water quality criteria concentrations
(Table 33) in some cases are below the analytical testing limits. This circumstance
precluded total documentation of the occurrence of hazardous levels of mercury, ald-
rin, dieldrin, DDT and PCB's.

The water sampling dates were selected for convenience in DNR work scheduling,
and therefore the samples were collected under a wide variety of conditions. Run-
off induced by rainfall and snowmelt influenced toxicant concentrations and load-
ings within the riverine systems. A comparison was made between an instantaneous
dry weather toxicant 1load and a wet weather 1load, and demonstrated greatly
increased toxicant stream loadings due to urban nonpoint source runoff, resuspension

of previously deposited materials, and, in some areas, combined sewer overflows (see
Table 37).

The sediments in the rivers of Milwaukee County were generally moderately to heavily
polluted with heavy metals and PCB's (See Tables 38 and 39). In many cases, several
toxicants simultaneously exceeded heavily polluted levels, which increased the po-
tential for interactive effects of the pollutants. PCB's and all heavy metals were
present in every sediment sample. Downstream industrialized river sections, espe-

cially those in the combined sewer service area, contained the most severe levels of
sediment contamination.

Toxicant contamination reportedly was a function of increasing urbanization and
industrial activity. There were 47 known industrial wastewater discharges to the
lower Milwaukee River and its tributaries within Milwaukee County. Many of these
were potential dischargers of hazardous and toxic materials. Urban nonpoint source
runoff and the combined and sanitary sewer flow relief devices were considered by
the DNR to be the two most significant sources of hazardous and toxic contamination
to the Milwaukee rivers. Instantaneous loading rates during wet weather showed a
large increase in heavy metals compared to dry weather results. This increase was
especially pronounced in the more urbanized areas and the combined sewer service
area. Industrial centers were typically most prone to spill hazardous and toxic
materials. Recorded spills of toxic and hazardous substances in the Milwaukee County
river basins are described in the draft report, "Milwaukee County River Basins
Study," "Chemical and Physical Chapter," which also discusses the types of recorded
spill materials, causes and sources of spills, spill-prone areas, and methods for
spill prevention and management. Maps of recorded spill sites are included in the
report, with numerous such sites being located in the Milwaukee Harbor estuary. It

was estimated that up to 90 percent of spills are unreported, undetected, and,
therefore, unrecorded.

Kinnickinnic River Watershed Intensive Water Quality Survey: As part of the "™Mil-
waukee County River Basins Study, the DNR on October 22-24, 1975, conducted an
intensive water quality survey of Wilson Park Creek and the Kinnickinnic River. This
study was made in part to evaluate the effectiveness of intensive surveys for river
basin assessment purposes. Sampling sites for this low-flow survey are shown on Map
14. Water quality and physical parameters sampled are listed in Table 40. Data col-
lected at each sampling site for each parameter are tabulated in the "Chemical and
Physical Chapter." Instream loadings for each water quality parameter were calcu-
lated and tabulated in the chapter, as were percentages of loadings contributed to
and assimilated by each stream reach. Apparent assimilation was estimated between
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IN THE LOWER M{LWAUKEE RIVER AND KINNICKINNIC RIVER WATERSHEDS:

NUMBER OF VIOLATIONS OF U.S.

Table 36

ENVIRONMENTAL PROTECTION AGENCY WATER QUALITY

CRITERIA FOR TOXIC AND HAZARDOUS SUBSTANCES AT SAMPLING STATIONS

1975 AND 1976

Station?
Lower Milwaukee River Basin Kinnickinnic River Basin
Criteria

Parameters ug/i LMR-1 LMR-2 LMR-3 LMR-4 [MR-5 [MR-6 LC-1 LC-2 LC-3 {C-1 KR-1 KR=-2 KR-=-3 WPC~1 WPC~2
Cadmium,.... 12 - - - - - - -—— - - - _— - - - -
Chromium, ... 100 - -- - - - - — - - - - - - - -
Copper...... L7 -- -- 1 1 1 -- -- - -- -- 1 - 1 -- -
Lead........ 4,820 - - - -- - - - - - - - - - - -
Mercury..... 0.05 1 2 1 1 2 1 1 2 1 1 1 2 1 1 1
Nickel...... 100 -- - - -- - - - - - - - - - - -
Zinc........ 82 1 -— - 1 1 1 1 1 1 1 3 2 3 - 1
PCB......... 0.001 - - - 1 1 1 - -- -- -- 1 - .- - -
Lindane..... 0.01 - - -~ -— - - - 1 1 1 —_— - - - -
Heptachlor-~

Epoxide.... 0.001 - - -- -- - -— - - - - -- 1 1 - 1
Heptachlor,. 0.001 - - - - 1 - - - - - _—— - - . -

dgsee Map 12 for water sampling station locations.

Source:

DNR draft report,

"Chemical

and Physical

Samples were coilected monthly.

Chapter,™ on file at SEWRPC.2%
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Table 37

INSTANTANEOUS DISCHARGE OF HEAVY METALS DURING SEPTEMBER 1975
(DRY-WEATHER FLOW) AND FEBRUARY 1976 (WET-WEATHER FLOW)
IN THE LOWER MILWAUKEE AND KINNICKINNIC RIVER WATERSHEDS

Sampling Site and Concentration® (pounds per day)
Lower Milwaukee River Basin Kinnickinnic River Basin
Water Column
Parameter Date LMR-1 ILMR-2 LMR-3 IMR-4 LC-1 LC-2 LC-3 IC-1 KR~-1 KR-2 WPC-1 WPC-2
Cadmium Feb. - -- 3.7 5.2 -- 1.3 0.1 - -- 0.1 - --
Sept. | 20.3  28.9  14.0 - 9.3 0.1 0.6 --°| 0.2 0.5 0.02 0.1
Copper Feb. 163.5 143.2 238.1 506.2 1.3 3.7 4.8 0.3 0.5 1.3 0.20 0.9
T R R
Chromium Feb. - - - 226.9 - -- 1.1 -- -- 0.5 0.1 0.6
Sept. 6.4 7.2 3.7 S WL B R R NS I | 0 V2 -.b
Lead Feb. 238.0 156.2 398.9 2,443.5 3.4 25.2 31.8 0.6 0.9 3.4 0.3 2.3
Sept. | 209.0 --E _-p L L e _-b 2.3
Zinc Feb. 223.0 - 357.2 174.4 12.7 23.6 28.4 2.9 21.6 9.7 0.8 6.7
Sept. __b __b __b __b _b __b _b __c _b __b __b __b
Nickel Feb. __b __b __b _b _b __b _b __b __b _b __b _b
Sept _.b __b . _b _b _b __b __c __b __b __b _b
Mercury Feb. 1.5 _-b - --b --b --b -- --b --b --b --b --b

2 gee Map 12 for water sampling station locations.
Below detectability.

No streamflow.

Source:

DNR draft report "Chemical and Physical Chapter," on file at SEWRPC.2*




Tabie 38

BOTTOM SEDIMENT CHEMICAL QUALITY IN THE LOWER MILWAUKEE
RIVER WATERSHED: 1975 AND 1976

Samp!ing site? and Recording Date With Concentrations in Mifligrams per Kilogram
LMR-1CS LMR-2C LC~-4S LMR~3CS LMR~4CS LMR~L4CS LMR-5CSb LMR-SCSb LMR-6CS LMR-75

Parameter 2/10/76 5/8/75 5/8/75 2/10/76 5/8/75 2/10/76 5/8/75 2/10/76 2/10/76 5/8/75
PCB.....vvivin.. 0.150 1.1 3.2 7.5 3.5 345(P) 21.3 13.6 9.6 26(P)
Cadmium.......... 0.5 -- - 2.0 - 7.25(HP) - 6.75(HP) 6.25(HP) -
Chromium,........ 6.5 - - 38(MP) -- 172(HP) - 93(HP) 16.5 -
Copper........... 8.5 -- -= L5(MP) - 272 (HP) - T00(HP) 125(HP) --
Lead......ov0vunn 35 - -- 250(HP) - 625(HP) - 550(HP) T75(HP} -
Nickel........... 5 -- - 20(MP) - 62(HP) - 28 (MP) 30(MP) --
ZinC.veieianennns 95(MP) - - 275(HP) - T75(HP) - 525(HP) 600(HP) --
Mercury.......... .07 -- - 0.21 - 0.69 - 0.11 1.06(P) -
EPA Pollution

Classification,. MP iD ID HP 1D HP P(PCB) HP HP P(PCB)
Land Use®........ A,L,B L R R,1,T R, | R, ! R, 1 R, | c,T c,T

4 gee Map 12 for sampling site locations.
b sampie taken in impounded area.

Pollution classifications:
P - Potluted.
MP - Moderately polluted.
HP - Heavily polluted.
ID - Insufficient data.
€ Land Use Categories: Agriculturat (A), Commercial (C), industrial (1), Residentia! (R), Low-Density Residential (L), Transpor-
tation (T), and Base Line Data (B).

Source: DNR draft report, "Chemical and Physical Chapter," on file at SEWRPC 2 *
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BOTTOM SEDIMENT CHEMICAL QUALITY IN THE
KINNICKINNIC RIVER WATERSHED:

Table 39

1975 AND 1976

Sampling Site?and Recording Date with

Concentrations in Milligrams per Kilogram
WMD~ 1S KR~ 1CS WPC-2CS KR=2CS KR-3S KR-3CS KR-3CS

Parameter 2/10/76 5/8/15 2/2/76 2/10/76 5/8/75 5/8/75 2/10/76
PCB. ..o nnnn 2.7 1.1 0.11 11.0(P) 3.6 5.5 9.7
Cadmium..... e e 3.5 - 1.25 3.5 - - 11.2(HP)
Chromium........... 22 - 16 37.5(MP) -- - 530(HP)
Copper...... ves e L9{MP) - 36(MP) 78(MP) - - 118(HP)
lead............... 670(HP) -- 375(HP) 650(MP) - -- 670(MP)
Nickel............. 15 -- 12 25(MP) -- -- 32(MP)
ZinC..iviieeiennnans 750(HP) - 250(HP) 825(HP) - - 850(HP)
Mercury......coceee 0.31 - 0.25 0.34 - -- 0.55
EPA Pollutional
Classification.... HP 1D HP HP 1D 1D HP
Land UseP.......... I,R R R,T R R R,T R, T
aSee Map 12 for sampling site locations,

Pollution Classifications:

P - Polijuted.

MP - Moderately Polluted.
HP - Heavily Polluted.
ID - Insufficient Data.

b

Source:

Land Use Categories:

Industry (1),

Residential

(R),
DNR draft report, "Chemical and Physical Chapter,”™ on file at SEWRPC 2"

Transportation (T).




Map 14

SAMPLING STATION LOCATIONS FOR THE KINNICKINNIC RIVER WATERSHED
INTENSIVE WATER QUALITY SURVEY BY THE WISCONSIN
DEPARTMENT OF NATURAL RESOURCES: OCTOBER 22-24, 1975
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Table 40

WATER QUALITY AND PHYSICAL PARAMETERS MONITORED DURING
THE INTENSIVE WATER QUALITY SURVEY OF THE KINNICKINNIC
RIVER WATERSHED BY THE WISCONSIN DEPARTMENT OF
NATURAL RESOURCES ON OCTOBER 22-24, 1975

Parameters

Water Temperature
Dissolved Oxygen
Hardness

pH

Alkalinity
Suspended Solids
Volatile Solids
Fixed Solids

Total Solids

Total Phosphorus
Ortho-phosphorus
Total Organic Carbon
Time of Travel
Stream. Discharge
5-day BOD

Total Organic Nitrogen
Ammonia Nitrogen
Nitrite and Nitrate Nitrogen
Un-ionized Ammonia
Total Nitrogen
Chlorides
Heavy Metals

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Zinc

Iron

NOTE:

Source:

Table 41

See Map 14 for sampling site locations.

DNR draft report, "Chemical and Physical Chapter," on file at SEWRPC*

WATER QUALITY PARAMETERS MONITORED AT GENERAL MITCHELL
FIELD BY THE WISCONSIN DEPARTMENT OF NATURAL

RESOURCES: JANUARY-DECEMBER 1977
Parameters
Total Solids Chemical Oxygen Demand
Total Volatile Solids pH ‘
Suspended Solids PCB
Suspended Volatile Solids
Total Phosphorus Heavy Metals:
Soluble Phosphorus Mercury
Organic Nitrogen Lead
Ammonia Nitrogen Copper
Nitrite and Nitrate Nitrogen Chromium
Chlorides Cadmium
Total Organic Carbon Zinc
5-Day BOD Nickel
Source: DNR draft report, "Chemical and Physical Chapter,” on file

at SEWRPC 2"
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sampling stations for each parameter by comparison of upstream and downstream
instantaneous loadings. In some cases, apparent assimilation was negative, indicat-
ing that loadings increased rather than decreased.

Dissolved oxygen, temperature, and pH were compared to applicable water quality cri-
teria set forth in the Wisconsin Administrative Rules. Total phosphorus, un-ionized
ammonia, suspended solids, and heavy metals were compared with U.S. Environmental
Protection Agency (USEPA) recommended water quality criteria. The DNR concluded that
the waters of the Kinnickinnic River and its tributaries generally met state and
federal water quality standards and recommendations on October 22-24, 1975.

The primary sources of discharge water and chemical loadings to the Kinnickinnic
River were the West Milwaukee ditch and the Wilson Park Creek tributaries. Point
sources were the principal discharge and chemical loading sources to these tribu-
taries. The Kinnickinnic River reportedly displayed poor pollution assimilative
capacities. Only total solids were effectively reduced. The uniform, concrete cun-
ette river channel excluded pools to trap the suspended load and inhibited develop-
ment of stable aquatic communities resulting in poor assimilative capacity. Wilson
Park Creek, however, was effective in reducing much of its chemical loading prior to
the confluence with the Kinnickinnic River. The creek's slow movement over mnatural
substrate reportedly allowed deposition of suspended material and seepage from the
creek channel. The mass-balance type of survey was found to be an effective tech-
nique for assessing water quality of a river system at low flow.

General Mitchell Field Nonpoint Source Pollution Study: Studies attempting to
characterize water quality runoff from airport land uses are limited. Therefore, a
water quality study of airport runoff from General Mitchell Field was undertaken by
the DNR from January 1, 1977 to December 31, 1977.

The primary objectives in undertaking this study were to characterize airport
land-use-water-quality relationships, determine annual and seasonal pollutant yields
from precipitation induced runoff, and generate transfer information for other
similar land uses.

General Mitchell Field drains into two watersheds, the Kinnickinnic River and Oak
Creek. The study area drained to the headwaters of Wilson Park Creek, a tributary of
the Kinnickinnic River, and comprised 11 percent of the Kinnickinnic River basin.
The study area is relatively flat (e.g., a four-foot drop per 9,000 feet E-W) with
clay-filled soils. Approximately 50 percent of the study area is impervious. A com-
plete discussion of the sampling sites, sampling procedures, and results, including
data tables, can be found in the "Chemical and Physical Chapter" of the 'Milwaukee
County River Basins Study." Table 41 is a list of the parameters sampled.

The study concluded that runoff from a medium hub airport is a significant source of
pollutants. Nutrients, solids, heavy metals, and oxygen demanding materials display
concentrations and loadings similar to those reported for urban roadway and parking
lot storm waters. State water quality standards and USEPA recommended criteria were
routinely exceeded in airport stormwater runoff.

Pollution potential was not only determined by the amount of discharge, but also by
other seasonal factors, such as length of antecedent non-runoff periods, airport
maintenance practices (de-icing practices and grounds maintenance), and storm char-
acteristics. The major sources of pollution were associated with drainage from paved
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auto parking and airport terminal areas. The lowest pollutant concentrations were
characteristically from water drained from runway and infield areas which had large
plots covered with grass.

Inner Harbor Water Quality Monitoring Program

During the International Joint Commission (IJC) Menomonee River Pilot Watershed
Study, the Wisconsin Department of Natural Resources collected some physical and
water quality data in the inner harbor which were not published or summarized in the
IJC volumes. Vertical profiles of water temperature and dissolved oxygen (DO) con-
centration were measured weekly or bi-weekly from August 1974 to May 1977 in the
inner harbor at the Broadway Street bridge over the Milwaukee River, and at the
South 2nd Street bridge and 13th Street (the Muskego Avenue bridge) over the Menom-
onee River. In addition, water temperature and DO profiles were taken at these three
locations on March 10, 1973. These site locations are shown on Map 15.

Water temperature and DO were sampled at mid-channel at either one-meter or 2-foot
intervals throughout the water column using a Yellow Springs Instrument Company
(Y.S.I.) DO and temperature meter. At least 65 profiles were taken at each station
during the 33-month period from August 1974 to May 1977. Visual observations of
current speed and direction were recorded during each survey along with observations
of boat and ship traffic, meteorological conditions, and apparent water quality.
Dissolved oxygen concentrations ranged from a minimum of 0.0 to 15 milligrams per
liter with DO of less than 5 milligrams per liter being observed 23 times at the
Broadway bridge; 30 times at 2nd Street, and 36 times at the Muskego Avenue bridge.
DO levels dropped to nearly zero on numerous occasions, but most frequently at the
Muskego Avenue bridge sampling site. The DO and water temperature data are on file
at SEWRPC.?27

Other water quality data collected by the DNR during the IJC study at the Broadway
Street, 2nd Street, and Muskego Avenue bridges were plotted on unpublished graphs
for the years 1975 and 1976. Surface, mid-depth, and bottom concentrations, or
values, were plotted against time on one graph for each site, for each year for
water temperature, DO, pH, conductance, organic nitrogen, ammonia nitrogen, nitrate
nitrogen, total phosphorus, dissolved reactive phosphorus, chloride, total solids
and suspended solids. Figure 7 is a typical plot, showing, in this case, dissolved
oxygen at the 2nd Street bridge in 1975. These unpublished DNR graphs are compiled
in "Water Quality Calcomp Plots--Inner Harbor--for Calendar Years 1975 and 1976," on
file at SEWRPC. The harbor base flow data were placed in STORET and are obtainable
from the DNR. Hard copy of the STORET raw harbor base flow data for the Broadway
Street, South 2nd Street, and Muskego Avenue sampling sites for calendar years 1975
and 1976 (collected during the IJC Menomonee River Pilot Watershed Study) are on
file at SEWRPC.

Statewide PCB Fish Monitoring Program

The current U.S. Food and Drug Administration PCB tolerance level for fish sold for
human consumption is 2 parts per million (ppm). The DNR conducts annual statewide
surveys  for determination of PCB concentrations in fish. The DNR monitoring data
have served as a basis for the preparation of fish consumption advisories by
the State Department of Health and Social Services since 1971. The data are pub-

27DNR unpublished data, "Dissolved Oxygen and Water Temperature Profiles Moni-
tored at Broadway Street, 2nd Street, and 13th Street (Muskego Avenue bridge)
March 1973 and August 1974-May 1977.," on file at SEWRPC.
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Map 15
WATER TEMPERATURE AND DISSOLVED OXYGEN VERTICAL PROFILE MONITORING
LOCATIONS IN THE INNER HARBOR SAMPLED BY THE WISCONSIN DEPARTMENT OF

HAMPTON

NATURAL RESOURCES: MARCH 1973 AND AUGUST 1974-MAY 1977
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lished annually by the DNR in a tabular form that lists sampling locations, number
of fish sampled, species, length, PCB concentration, and percent fat. The 1979
survey found PCB concentrations as high as 43 ppm in carp in the Milwaukee River at
Thiensville and as high as 31 ppm at USH 141 in Milwaukee. No Milwaukee River
samples were taken downstream from this point. In the lower Kinnickinnic River, PCB
concentrations as high as 18 ppm were found in goldfish. Just outside the Milwaukee
Harbor breakwater in Lake Michigan, PCB concentrations as high as 61 ppm were found
in lake trout.??®

Toxic Substances Survey of Lake Michigan and Tributaries

The DNR conducted a toxic substances survey in 1979 for the Wisconsin Coastal Man-
agement Program to assist in the identification of problem areas. Fish samples were
collected and analyzed for the parameters listed in Table 42. Sampling sites near
the Milwaukee Harbor estuary were located in the Milwaukee River at North Avenue,
the Menomonee River at South 27th Street, the Kinnickinnic River at South 7th
Street, and offshore in Lake Michigan at a point east of the Milwaukee Harbor. Data
from the survey were scheduled for publication in October 1980.

A follow-up toxic substances survey was scheduled to be conducted during the period
July 1, 1980 through June 30, 1983 in the problem areas identified by the 1979 sur-
vey, to assist in the identification and elimination of illegal discharges, and to
document concentration changes of toxic substances in the coastal zone. Fish, sedi-
ment, industrial effluent and water column samples will be taken in 1980 and
analyzed for PCB's, DDT, Chlordane, and Dieldrin. The 1979 survey indicated that the
other parameters listed in Table 42 were low and, therefore, no further analyses of
these parameters were called for. The 1980 sampling sites were located near indus-
trial and municipal wastewater outfalls and storm sewer outfalls. Sediment sampling
was done at these sites in locations where organic deposits could be found. Three
sites were sampled in the Milwaukee Harbor estuary, one on the Milwaukee River at
Wisconsin Avenue, and two on the Kinnickinnic River at Kinnickinnic Avenue and Chase
Avenue. A list of the toxic subtances survey sampling site locations for the 1979
and 1980 surveys is presented in Table 43. Publication of the 1980 survey data is
scheduled for the spring of 1981.

Ambient Surface Water Quality Monitoring

In 1961, the Wisconsin Department of Natural Resources (DNR) initiated an ambient
surface water quality monitoring effort in response to federal programs which then
called for such data to be collected along the periphery of each state, as a basis
for interstate water pollution control programs. Since that time, the original 1961
sampling network has been revised with the addition of some and deletion of other
sampling stations. In an unpublished report dated July 1977, the DNR Surface Water
Quality Monitoring Work Group, based in Madison, reviewed the ambient water quality
monitoring network and revised it again to meet current needs. This report recom-
mended collection of additional water quality data for the Kinnickinnic River at
South 7th Street in Milwaukee for the parameters and sampling intervals listed in
Table 44. This sampling program was initiated in 1977 and is currently ongoing. Sam-
pling stations on the Milwaukee River at Brown Deer Road, the Milwaukee River at its
confluence with the Kinnickinniec River, and Lake Michigan near Oak Creek at the
Peter Cooper Corporation intake were discontinued in 1976, and are shown on Map 16,

28T .B. Sheffy and T .M. Aten, 1979 Annual Summary of PCB Levels in Wisconsin
Fish, DNR Bureau of Water Quality, Surveillance Section, Madison, Wisconsin, 1979.
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Table 42

LIST OF PARAMETERS ANALYZED IN THE
TOXIC SUBSTANCES SURVEYS
CONDUCTED BY DNR FOR THE WISCONSIN
COASTAL MANAGEMENT PROGRAM: 1979-1980

Parameters®
Arsenic Chlordaneb
Cadmium Endrin
Chromium PCBb
Copper Percent Fat
Lead Hexachlorobenzene
Mercury Pentachlorophenol
Aldrin Hexachlorocycohexane
Dieldrinb Methoxychlor
DDT?

T his list of parameters is designated as the "EPA series.”

The 1979 survey included fish sample analyses only.

bTo be sampled in 1980 only for each fish, sediment, indus-

trial effluent, and water column sample.

Source: Wisconsin Department of Natural Resources.




Table 43

LOCATIONS OF TOXIC SUBSTANCES SURVEY
SAMPLING SITES IN THE MILWAUKEE HARBOR
VICINITY USED BY DNR FOR THE
WISCONSIN COASTAL MANAGEMENT PROGRAM: 1979-1980

Locaton Year of Sampling

Milwaukee River

At Mequon Road......... ... ... 1980
At Brown Deer Road ................... 1980
Above Silver Spring Drive.............. 1980
Above North Avenue ................... 1980
At North Avenue ....................... 1979
Above Wisconsin Avenue................ 1980
Menomonee River
At STH 57 (27th Street)................ 1979
Kinnickinnic River
At Pulaski Park .... ... i 1980
At South 7th Street ........ ... .. ...... 1979
At STH 38 (Chase Avenue) ............. 1980
At Kinnickinnic Avenue................. 1980

NOTE: Parameters analyzed in each survey are listed in Table 42.

Source: Wisconsin Department of Natural Resources.



Table 44

WISCONSIN AMBIENT WATER QUALITY MONITORING
NETWORK PARAMETERS AND SAMPLING PERIODS
FOR THE KINNICKINNIC RIVER AT SOUTH 7TH STREET
IN MILWAUKEE SINCE JANUARY 1977

Sampling Period®

Parameter 1977 1978 1979 1980
Total Nonfiltered Residue........ X X X X
Total Residue ................... X X -- --
Fish Tissue Analysis ............ -- -- X
Hardness ..., .. X -- X --
Water Temperature .............. X X X X
PH e X X X X
Dissolved Oxygen ............... X X X X
Conductivity .................... -- X X X
5-Day BOD.....vvviiiiiiii X X -= --
Organic Nitrogen ................ X X X X
Ammonia Nitrogen (dissolved).... X X X X
Nitrite and Nitrate Nitrogen
(dissolved) ......ovviviii .. X X X
Total Phosphorus................ X X X X
Ortho Phosphorus (dissolved) ... -- X X --
Chlorides. .......ccoovviiiin .. X -~ X X
Fecal Coliform................... X X X X
COD .. e e -- X X --
Arsenic ... ... i i e X X X --
Cadmium ....... ... X X X X
Chromium .......... ... X X X X
LOT0Y o o7 Y X X X X
Lead ... ... e X X X X
Mercury ....... .. ..., X X X --
Streamflow .............. ... ..... X X X X
Time of Day Sampling ........... X X X X

NOTE: Continuous record streamflow data are also collected at this site by the
U.S. Geological Survey.

aSamp/es are collected monthly.

Source: DNR, State of Wisconsin Surface Water Quality Monitoring Data, 1977
and State of Wisconsin Surface Water Quality Monitoring Data, 1978,
Bureau of Water Quality, Madison, Wisconsin, 1980. 1979 and 1980
information provided by Jerome R. McKersie, DNR Water Quality Evalua-
tion Section Chief, October 15, 71980.
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Map 16

LOCATION OF AMBIENT WATER QUALITY MONITORING SAMPLE SITES
IN THE MILWAUKEE HARBOR WATERSHED AND LAKE MICHIGAN IN
MILWAUKEE COUNTY USED BY THE WISCONSIN DEPARTMENT OF

NATURAL RESOURCES AND OTHERS SINCE 1961
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which also shows the ongoing Kinnickinnic River sampling site which is located at
the U. S. Geological Survey gaging station. Table 45 lists the water quality par-
ameters and sampling periods for the discontinued sites operated from 1961 to 1976.
Data collected since 1961 are summarized in these reports:

® Wisconsin Committee on Water Pollution, Wisconsin Surface Water Quality,
1961-1964, Madison, Wisconsin, July 1965.

® Wisconsin Department of Natural Resources, State of Wisconsin Surface Water
Quality Monitoring Data, 1965-1968, Division of Environmental Protection,
Madison, Wisconsin, 1969.

® Wisconsin Department of Natural Resources, State of Wisconsin Surface Water
Quality Monitoring Data, 1969~1972, Division of Environmental Protection,
Madison, Wisconsin, 1973.

® Wisconsin Department of Natural Resources, State of Wisconsin Surface Water
Quality Monitoring Data, 1973-1976, Bureau of Water Quality, Madison, Wiscon-
sin, June 1980. :

® Wisconsin Department of Natural Resources, State of Wisconsin Surface Water
Quality Monitoring Data, 1977, Bureau of Water Quality, Madison, Wisconsin,
July 1980.

@ Wisconsin Department of Natural Resources, State of Wisconsin Surface Water
Quality Monitoring Data, 1978, Bureau of Water Quality, Madison, Wisconsin,
July 1980.

Laboratory methods are also described in each of these reports. Raw data are avail-
able from STORET.

Toxic Metals In Waters, Sediments, and Aquatic Life in

the lLower Milwaukee River and Milwaukee Harbor, 1970 and 1972

From May to October 1970, the Wisconsin Department of Natural Resources conducted a
statewide survey of mercury levels in surface waters, bottom sediments, public water
supplies, and municipal wastewater treatment plant effluents to locate mercury
deposits and determine the background levels in sediments. In the Milwaukee Harbor
watershed, samples were taken on the main stem of the Milwaukee River, and in the
inner and outer harbors. Locations of sampling sites in Milwaukee County are shown
on Map 17. Mercury content in all water column samples was found to be less than
0.0005 part per million (ppm), but in the sediments, it ranged from 0.6 ppm above
the North Avenue dam to 1.70 ppm at the turning basin in the inner harbor. Data are
tabulated in DNR Research Report 74.2%°

In 1970 the DNR also began a statewide survey of mercury levels in fish, sampling
both streams receiving industrial and municipal wastes and relatively pristine
streams. The Milwaukee River was sampled at Thiensville and in Milwaukee above North

2% John G. Konrad, Mercury Content of Various Bottom Sediments, Sewage Treatment
Plant Effluents, and Water Supplies in Wisconsin--A Preliminary Report, Wisconsin
Department of Natural Resources Research Report 74, 19717.
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Table 45

WATER QUALITY PARAMETERS AND PERIODS OF RECORD FOR AMBIENT WATER QUALITY
MONITORING SITES ON THE MILWAUKEE RIVER AT THE CONFLUENCE WITH THE
THE MILWAUKEE RIVER AT BROWN DEER ROAD,

KINNICKINNIC RIVER,

AND NEAR-SHORE LAKE MICHIGAN AT THE CITY OF OAK CREEK: 1961-1976
Periodd Periodd
1961 | 1963 | 1965 ] 1969 | 1973 1961 | 1963 | 1965 | 1969 | 1969

Parameter - 62| ~-64)-68]-72|-176 Parameter - 62| - 64|-68 |- T72]-176
Total Solids®...... ... .viiiiiiin... X X X X X Soluble Phosphorus................ X X X -- --
Total Volatile Solids...................... X X X -- -- Ortho-Phosphorus.................. -- -- -- -- xh
Suspended Solidsb .......................... X X X X X Bacteria.....oovviin i, X X X -- --
Suspended Volatile Solids. ..o, X X X X X Fecal Coliforms......... P -- -- x" X X
Water Temperature...........ovvueinennnnn.. X x° X X X Alkyl Benzene Sulfonate (ABS)..... -- X -- -- --
PH. o e X X X X X Methylene Blue Active
Total Alkalinity........... ... ... ..o, X X X X X Substances (MBAS)................ -- -- X -- --
Total Hardnmess........... ... .. .. .. il X X X X X Chlorides....... ..o, X X X X X
Color. . o e X X X X X Fluoride......... ... ..o it -- -- -= -- X
Dissolved Oxygen..........ccoveiiunniennenn.. X X X X X Chromiwm......... ... i enenann. -- -- -- -- X
5-day Biochemical Oxygen Demand (BOD)...... ’ X X X X X Copper. .ot e -- -- -- -- X
Total Organic Nitrogen..................... X X X X X Lead. ..ot i -- -~ -- -- X
Free Ammonia......... ... ... ... ... oL, X X X X -- Manganese........... ... ... .. ... -- - - -- X
Nitrates. ... ..o i X X X X -- S o Lo -- -- -- -- X
Ammonia Nitrogen (dissolved)............... -- -= -- -- X Gross Radioactivity............... xj x7 x% x% --
Nitrate Nitrogen (dissolved)............... -~ -- -- -~ xF Alpha Radioactivity............... xj xd x3 x3 X?
Nitrite and Nitrate Nitrogen (dissolved)... -- -- -- - %8 Beta Radioactivity................ -- -- -- -- %3
Total Phosphorus............ . oLt X X X X X Time of Day........... ... ... ..., -- -- -- -- X
NOTE: See Map 16 for sampling site locations. All sampling at these sites was discontinued after 1976.
aReported as Total Residue after 1972.
bReported as Total Nonfilterable Residue after 1972.
CReported as Volatile Nonfilterable Residue after 1972.
dData are in STORET and can also be found in those DNR references listed in the text for the time period 1961-1976. The Milwaukee River sites were

sampled monthly, and the Lake Michigan site weekly.

®Lake Michigan only.
fData only for 1973 and 1974.
BNo data in 1973.
hNo data for Lake Michigan in 1976.
iNo data for Lake Michigan in 1964 and 1965.
jNo data for Lake Michigan.

Source:

Wisconsin Department of Natural Resources

No data for Milwaukee River at Brown Deer Road.




Map 17
LOCATON OF WATER COLUMN AND BOTTOM SEDIMENT SAMPLING SITES ANALYZED
FOR MERCURY CONTENT IN THE LOWER MILWAUKEE HARBOR WATERSHED BY
THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES: 1970
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Avenue in July 1970, and in Milwaukee Harbor in May 1970. Mercury content in fish
filets ranged from 0.11 to 0.35 ppm at Thiensville, 0.11 to 0.18 ppm above North
Avenue, and 0.05 to 0.22 ppm in Milwaukee Harbor. Data are tabulated in DNR Techni-
cal Bulletin No. 52 and Table 46.3°

In a report published in 1974, the DNR presented data from surveys for toxic metals
in fish and in Wisconsin municipal wastewater treatment plant influents, effluents,
and sludges. Fish samples analyzed were those collected in the mercury study dis-
cussed above. Parameters analyzed in addition to mercury, were chromium, zinc, cad-
mium, arsenic and lead. Table 46 summarizes the data collected. Additional details
and data are presented in DNR Technical Bulletin No. 74.%' This report concluded
that concentrations for the metals analyzed were not hazardous to fish consumers
anywhere in Wisconsin.

In 1972 the statewide survey of the municipal wastewater treatment plants was made
with samples being taken also at the Milwaukee Metropolitan Sewerage District South
Shore and Jones Island plants. DNR Technical Bulletin No. 74 lists concentrations
found in the influent, effluent, and sludge.?}? Table 47 presents data for the
effluent only at the Jones Island plant. The report concluded that, based upon
influent-effluent correlations, heavy metal contamination is possible in surface

waters receiving effluent from wastewater treatment plants accepting wastes high in
heavy metals.

Lower Milwaukee Harbor Watershed Water Quality Survey, 1968

The Wisconsin Department of Natural Resources in 1968 made chemical and biological
surveys in Milwaukee County of the Milwaukee River, Lincoln Creek, Menomonee River,
Little Menomonee River, Underwocd Creek, Honey Creek, Wood Tributary, Kinnickinnic
River, and Wilson Park Creek to compliment a pollution investigation study made in
1967 of the Milwaukee River outside Milwaukee county. Samples for chemical and bac-
teriological analysis were taken for point source discharges, as well as at instream
locations at the sites shown on Map 18. Water quality parameters analyzed are listed
in Table 48. Sampling dates are presented in the DNR report published in May 1969
for each site along with the results of the chemical and bacteriological analy-
ses.’? Two synoptic water quality surveys were made in 1968 of the lower Milwau-
kee River and the Little Menomonee River, three for the Menomonee River and the
Kinnickinnic River, and one for Lincoln Creek. The remaining streams monitored were
sampled only once at one location on each stream except for the Wilson Park Creek
station which was sampled three times in 1968.

3%Stanton J. Kleinert and Paul E. Degurse, Mercury Levels in Wisconsin Fish and
Wildlife, Wisconsin Department of Natural Resources Technical Bulletin No. 52,
Madison, Wisconsin, 1972.

*lStanton J. Kleinert, Paul E. Degurse, and J. Ruhland, "Concentrations of
Metals in Fish,"” Wisconsin Department of Natural Resources Technical Bulletin No.
74, Surveys of Toxic Metals in Wisconsin, Madison, Wisconsin, 1974.

*2John G. Konrad and Stanton J. Kleinert, "Removal of Metals from Waste
Waters by Municipal Sewage Treatment Plants,” Wisconsin Department of Natural
Resources, Technical Bulletin No. 74, Surveys of Toxic Metals in Wisconsin, Madi-
son, Wisconsin, 1974.
*3Wisconsin Department of Natural Resources, Report on an Investigation of the
Pollution of the Milwaukee River, [ts Tributaries, and Oak Creek Made During 7968
and 1969, Division of Environmental Protection, Madison, Wisconsin, May 1969.
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Table 46

SUMMARY DATA FOR TOXIC METALS IN FISH SAMPLES
COLLECTED iIN MILWAUKEE HARBOR AND THE
MILWAUKEE RIVER BY THE WISCONSIN
DEPARTMENT OF NATURAL RESOURCES: 1970

Parameter and Range in Concentration {ppm)

Location Chromium Zinc Cadmium Arsenic Lead Mercury
Mi twaukee River Above c c c .
Thiensvitie?.......... -- 4,2-10.6 -- -- 0.05-0.30 | 0.11-0.35
Mi lwaukee River Above ¢ d c
North Avenue?......... - 18.3 -- 0-0.10 0.27-0.30 0.11-0.18
Milwaukee HarborP...... 0-0.42 . L.6-6.9 --C --C -C 0.05-0.22

dsamples were collected in July 1970

Samples were collected in May 1970.
CNo trace of this metal was found at this location.
dOnly one concentration was reported for this location.

Source: Wisconsin Department of Natural Resources Technical Builletins No. 52 and No. 74,
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Table 47

CONCENTRATIONS OF HEAVY METALS
FOUND IN THE EFFLUENT OF THE JONES
ISLAND MUNICIPAL WASTEWATER TREATMENT
PLANT BY THE WISCONSIN DEPARTMENT
OF NATURAL RESOURCES: 1972

Concentrations
(milligrams per
Parameter liter)
Chromium 0.1
Copper 0.05
Lead 0.08
Zinc 0.16
Cadmium 0.02
Mercury 0.0008
Nickel 0.05

Source: Wisconsin Department of Natural Re-
sources Technical Bulletin No. 74.

Table 48

LIST OF CHEMICAL AND BIOLOGICAL WATER QUALITY
PARAMETERS FOR THE 1968 WATER POLLUTION SURVEY
OF THE LOWER MILWAUKEE HARBOR WATERSHED IN MILWAUKEE

COUNTY BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES

a
Parameters

Water Temperature

pH

Dissolved Oxygen

5-Day BOD

Fecal Coliform Bacteria

Numbers of Pollution Intolerant Species and Individuals
Numbers of Pollution Tolerant Species and Individuals
Numbers of Very Pollution Tolerant Species and Individuals

For sampling data see source and for sampling locations see Map 18.

Source: Wisconsin Department of Natural Resources, Report on An
Investigation of the Pollution of the Milwaukee River, Its
T ributaries, and Oak Creek Made During 1968 and 1969,
Division of Environmental Protection, Madison, Wisconsin,
May 1969.

107



Map 18

LOCATION OF CHEMICAL AND BIOLOGICAL WATER QUALITY MONITORING SITES

IN THE LOWER MILWAUKEE HARBOR WATERSHED IN MILWAUKEE COUNTY SAMPLED
BY THE WISCONSIN DEPARTMENT OF NATURAL RESOURCES: 1968
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One biological survey was made in the study area in 1968. Twenty-seven sites were
inspected and the aquatic habitat was described qualitatively. Counts were made of
the number of species present at each site along with the number of individuals in
each species. The species were grouped in classifications according to pollution
tolerance--intolerant, tolerant, and very tolerant. These data arg tabulated by
sampling site in the DNR report publsihed in May of 1969.°" Sampling sites are
shown on Map 18 along with the chemical and bacteriological sampling sites. This
report also contains daily summer coliform and fecal coliform data for 1968 for
eight Lake Michigan beaches in the Milwaukee area, based upon data provided by the
Milwaukee Metropolitan Sewerage District.

Chemical, Biological, and Sediment Survey of the Burnham Street Canal, 1968

On April 4, 1968, the Wisconsin Department of Natural Resources, acting upon a
request by the Milwaukee Metropolitan Sewerage Commission and the port of Milwaukee
made a survey of the Burnham Street Canal prior to dredging, to identify biological
organisms inhabiting the bottom sediments and to determine if the quality of these
sediments was suitable for open-lake disposal in Lake Michigan. Water column and
bottom samples were taken to determine physical, chemical, and biological character-
istics for a reach of the canal extending from 900 feet west of the South 11th
Street bridge to a point 150 feet east of the bridge. Parameters analysed and cor-
responding data are presented in Table 49. The Army Corps of Engineers granted a
permit for openlake disposal despite opposition by the Sewerage Commission.

Benthic Macroinvertebrate Study of Milwauke Harbor, 1964

In 1962 a survey of biological conditions in the major harbors of Lake Michigan was
begun by the Wisconsin Committee on Water Pollution. The purpose of the study was
to qualify and quantify pollution tolerant and intolerant benthic macroinvertebrates
to assess long-term water quality conditions in the harbors. The survey of Mil-
waukee Harbor was made in 1964. Samples were taken using a Petersen dredge in
hard-bottom habitats and an Ekman dredge in soft-bottom habitats. Organism identifi-
cations were made to the most specific level possible. The report, however, only
listed the numbers of individuals in each of three pollution tolerance categories--
intolerant, tolerant, and very tolerant.?®® Benthic samples were taken in the
lower Milwaukee, Menomonee, and Kinnickinnic Rivers, as well as in the outer harbor
and Lake Michigan. Sampling site locations are shown on Map 19. General physical
observations of sediment and water quality were tabulated along with the number

of organisms per square foot in each tolerance category and the water depth at each
sampling site.

Only tolerant to very tolerant organisms were found even one-quarter mile east of
the three main breakwater entrances. Very tolerant organisms dominated the counts
in both the inner and outer harbors.

Lower Milwaukee Harbor Watershed Water Quality Survey, 1952-1953

Physical, chemical, biological, and bacteriological data were collected to charac-
terize water quality in Milwaukee County streams, the inner harbor, Lake Michigan
at the City of Milwaukee water supply intake and the Lake Michigan Shoreline near

341bid.
35James M. Helm, A Biological Evaluation of Wisconsin Harbors on Lake Michigan,
Wisconsin Committee on Water Pollution, Madison, Wisconsin, May 1966.
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Table 49

WATER QUALITY AND SEDIMENT DATA COLLECTED
IN THE BURNHAM CANAL ON APRIL 4, 1968

Sampling Site and Parameter Quantitya

Parameter 1 2 3 4
Water Column:©

Dissolved Oxygen (mg/l) ..... 5.3 -- -- 5.1

Water Temperature (°C) ...... 12.0 -- -- 10.5

PH . 8.0 -~ -~ 7.8

Chlorides as CI (mg/l) ....... 70 -- -- 70

Turbidity Units .............. 32 -- -- 28

5-Day BOD (mg/l)............ 10.0 -- -- 10.3

Total Coliforms

(count/ml) ... . ... ... ....... 4,400 -- -- 4,500

Fecal Coliforms (count/mi).... 120 -- -- 360
Bottom Sediments:

Total Nitrogen as N (percent) 0.4 0.8 0.6 0.4

PH . 7.2 7.4 7.2 7.1

Loss on lIgnition (dry

basis percent)............... 14.24 17.02 19.94 20.20

Total Phosphorus as

POy (percent) .............. 0.50 0.56 0.83 0.86

Total Oil-Hexane Extrac-

tion (dry basis, percent).... 1.2 2.1 4.1 4.6

Sand (percent)b.............. 52.0 62.0 62.0 52.0

Silt (percent)b ... ... ... ... .. 35.2 27.2 27.2 33.2

Clay (percent)® ... ........... 12.8 10.8 10.8 14.8

Number of Benthos

(per square foot) ........... --d --d 16 --d

Pollution Tolerancy ........... Very

of Benthos .................. --d --d | Tolerant --d

NOTE: ~-- indicates no sample taken.

YStation 1--150 feet east of South 11th Street bridge; Station 2--150 feet west;
Station 3--450 feet west; Station 4--900 feet west.

Mechanical analysis on ash basis.
c
Surface samples.

dNo organisms found.

Source: Henry Dedinsky, "Menomonee River Bottom Sampling, Burnham Canal,” DNR
Memorandum to the Milwaukee Metropolitan Sewerage Commission, April 15,
1968, (unpublished); and John B. Conway, "Biological Survey of the Burn-
ham Canal,” DNR State Division of Resource Development letter to the Mil-
waukee Metropolitan Sewerage Commission, April 15, 1968 (unpublished).
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Map 19

LOCATION OF BENTHIC MACROINVERTEBRATE SAMPLING SITES IN
THE LOWER MILWAUKEE, MENOMONEE, AND KINNICKINNIC RIVERS,
THE OUTER HARBOR, AND LAKE MICHIGAN SAMPLED FOR THE
WISCONSIN COMMITTEE ON WATER POLLUTION: JULY 1964
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Milwaukee beaches in 1952 and 1953.%¢ Streams sampled for physical, chemical and
bacteriological water quality included the Milwaukee River (6 sites, 65 samples),
Lincoln Creek (15 sites, 35 samples), South Branch Lincoln Creek (2 sites, 3
samples), North Branch Lincoln Creek (1 site, 3 samples), Menomonee River (17 sites,
68 samples), Little Menomonee River (6 sites, 17 samples), Butler ditch (1 site,
6 samples), Underwood Creek (5 sites 9 samples), Honey Creek (8 sites, 32 samples),
Wood Creek (2 sites, 3 samples), Kinnickinnic River (8 sites, 50 samples), Jackson
Park Drain (3 sites, 11 samples), and Wilson Park Creek (3 sites, 6 samples). Par-
ameters analyzed were biochemical oxygen demand (BOD), temperature, pH, dissolved
oxygen, and B. coli index.

Benthic macroinvertebrates were sampled in 1953 in the Milwaukee River (6 sites),
the Menomonee River (8 sites), the Little Menomonee River (3 sites), Honey Creek (1
site), and the Kinnickinnic River (5 sites). Species sampled were classified by pol-
lution tolerance, and the number of species found at each sampling site for each
tolerance classification are presented along with an overall rating for each sam-
pling site describing it as either clean, semi-polluted, or polluted.

Beach survey data for coliform bacteria were collected for this study by the Milwau-
kee Metropolitan Sewerage District, and also by the State. Data are presented in
this report for the Atwater, North Bradford, South Bradford, South Shore, and Grant
Park beaches. Water intake bacteria data for the period 1929-1953 are also sum-
marized in the report. Average bacteria counts in the effluent of the Jones Island
wastewater treatment plant for the years 1949-1953 are also presented along with
average suspended solids, average 5~-day BOD, and average flow.

Lake Michigan Tributary Loadings Program

At the request of the U.S. Environmental Protection Agency, the DNR in 1980 began a
water quality monitoring program of large rivers tributary to Lake Michigan to
improve upon previous estimates of chemical loadings to the lake. Monitoring of the
Milwaukee River at the U.S. Geological Survey gaging station at Estabrook Park com-
menced in April 1980. Water samples were collected once daily during high flow
periods and analyzed for suspended solids, total and soluble phosphorus, dissolved
silica, lead, and chloride. A total of 60 samples was collected in 1980. Results of
chemical analyses are on file at DNR. Continued monitoring in 1981 and 1982 is
planned, pending availability of funding.

MILWAUKEE COUNTY DEPARTMENT OF PARKS, RECREATION AND CULTURE

The Milwaukee County Department of Parks, Recreation and Culture administers the
Milwaukee County Park System, including the public marinas within the Milwaukee
Harbor estuary. However, as water quality monitoring programs have been conducted
in the harbor by other agencies, only limited water quality data have been collected
by the Park Commission.

In response to a Department request for a proposal concerning the water quality
effects of marina development, a consulting firm collected limited water quality

3Ralph H. Scott, Kenneth M. Mackenthun, Lawrence A. Ernst, and George F. Ber-
nauer, Report on the Investigation of Pollution of Surface Waters in Milwaukee
County, Wisconsin Department of Natural Resources, 1954, on file at SEWRPC.
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data on April 6, 1972, for the Park Commission at two stations, one in the McKinley
Marina mooring area and one near the flushing tunnel intake located at the Milwaukee
Yacht Club. The complete study was never undertaken, but the water quality data
were provided by the consulting firm, and represent an independent sampling of water
quality conditions in a limited portion of the outer harbor. The results of the
chemical analysis for 21 parameters are presented in Table 50. As the table indi-
cates, coliform counts near the flushing tunnel intake were an order of magnitude
higher than in the mooring area.

MILWAUKEE METROPOLITAN SEWERAGE DISTRICT

The Milwaukee Metropolitan Sewerage District (MMSD) has conducted or sponsored
numerous studies and programs relevant to the study design for the Milwaukee Harbor
estuary water quality management planning study. These studies and programs include
studies of the cost-effectiveness of alternate methods and 1levels of combined
sewer overflow abatement, ambient river water quality sampling, ambient outer harbor
and near-shore Lake Michigan water quality sampling, monitoring of Jones Island
wastewater treatment plant effluent and overflows, bottom sediment analyses at the
proposed Jones Island lakefill site, and continuous meteorological data collec-

tion in the Milwaukee Harbor. The following paragraphs summarize these studies
and programs.

Cost-Effectiveness Studies for Alternative Water

Quality Improvement Strategies for the Milwaukee Rivers (PG-61)

As part of the Milwaukee Combined Sewer Overflow Abatement Project, the U.S. Envi-
ronmental Protection Agency (USEPA) required an analysis of the cost-effectiveness
of alternative approaches to improvement of water quality conditions in the reaches
of the Milwaukee, Menomonee, and Kinnickinnic Rivers currently receiving combined
sewer overflows. Such analysis was done in the Rexnord report®’ as prescribed
by the USEPA Program Guidance Memorandum No. 61(P.G. 61) prepared in 1977, and later
reissued as USEPA Program Requirements Memorandum (PRM) 35-74. It should be noted
that, theoretically, a cost-effectiveness analysis should consider only the relative
cost of alternatives which would meet all of the state and federally prescribed
water quality standards for the estuary. By contrast, a 'cost-benefit analysis"
would assess the values of water quality--and other--benefits associated with a full
range of abatement alternatives against the cost of those altermatives.

For consistency with previous USEPA and MMSD reports and discussions, this descrip-
tion uses the term 'cost-effectiveness" in describing the PG-61 analysis, but the
analysis would be better described as a very limited and strangely narrow cost-bene-
fit evaluation. Costs for water quality improvement--based on milligrams per liter
per day for disscolved oxygen impact, and on the number of days of fecal coliform
violations--were to be determined and compared. The alternatives evaluated were for
1) the existing combined sewer overflow (CSO) network; 2) partial and complete sewer
separation; 3) treatment and discharge of CSO out of the watershed for up to a 5~
year level of protection; 4) end-of pipe CSO treatment; 5) complete elimination of

*"Thomas L. Meinholz, William A. Kreutzberger, Nicholas P. Kobriger, and Martin
E. Harper, Water Quality Analysis of the Milwaukee River to Meet PRM 35-74 (PG-61)
Reguirements, Rexnord Environmental Research Center, Milwaukee, Wisconsin, report
for the Milwaukee Metropolitan Sewerage District, February 8, 1979.
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Table 50

RESULTS OF WATER QUALITY ANALYSES FOR SAMPLES
TAKEN AT THE MCKINLEY MARINA AND THE MILWAUKEE
YACHT CLUB FOR THE MILWAUKEE COUNTY DEPARTMENT

OF PARKS, RECREATION AND CULTURE: APRIL 6, 1972

Concentration
(milligrams per liter
except as indicated)
Parameter Marina? Yacht Club?
c

PH e 8.05 8.14
Specific Conductanced ........... 410 505
Alkalinity (as CaC03) ............ 125 156
Turbidity®. ........ .. . . 18 12
Total Solids ......... ... ........ 214 293
Total Suspended Solids .......... 15.8 6.45
Total Dissolved Solids ........... 116 173
Ammonia Nitrogen ............... 0.03 0.03
Organic Nitrogen ................ 0.55 0.85
Nitrate Nitrogen................. 1.04 0.68
Nitrite Nitrogen ................. 0.02 0.02
Soluble Orthophosphorus ........ 0.045 0.12
Total Phosphorus................ 0.14 0.215
Chiloride.........co i i, 28 33
Sulfate ........cc. i . 30 46
Calcium ...... ... i .. 25 30
Magnesium. ..., 16 24
Sodium ... .t 14 16
Potassium .......... ... ... 2.6 2.8
Total Coliformf.................. 340 8,400
Fecal Coliform{.......... ... ..... 12 1,170

aSampIing location near the middle of the

boat ramp.

marina about 150 yards off of the

bSamp/ing location at the Yacht Club slip near the flushing tunnel intake.

CpH standard units.

dMicro-ohms per square centimeter.
€JTU

fCount per 100 milliliters.

Source: Limnetics, Inc.
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combined sewer overflow with conveyance, treatment, and discharge at a point outside
the Milwaukee, Menomonee, and Kinnickinnic River watersheds; and 6) instream water
quality enhancement measures.

To make the required analysis, previous studies based on discrete event water
quality modeling were not deemed appropriate. A continuous simulation method was
applied to determine the frequency with which instream dissolved oxygen (DO) and
fecal coliform standards would be violated for each of the alternatives to be
evaluated. For this purpose, Harpers water quality model was modified from a dis-
crete-event to a continuous-process instream simulation model. The Army Corps of
Engineers Storage Treatment Overflow Runoff Model (STORM) was used to simulate con-
tinuous loadings from the CSO outfalls, these loadings being inputs to Harper's
instream simulation model for the Milwaukee River from Brown Deer Road to the con-
fluence with the Menomonee River, which was used as the prototype study reach. Four
years of typical rainfall data were selected from the 37-year record available to
minimize costs for simulation during ice-free and unfrozen ground conditions. The
analysis did not include the spring thaw and the associated snowmelt runoff. Hourly
flow and water quality conditions were generated for use in enumeration of standards
violations for the alternatives studied.

To evaluate whether the results of the Milwaukee River CSO study were transferable
to the CSO outfall reaches of the Menomonee and Kinnickinnic Rivers, sediments in
the estuaries of these three rivers were characterized along with sediments from the
outer harbor and near-shore Lake Michigan. Sediments were sampled in the summer of
1977 for chemical analysis; and sediment oxygen demand (SOD) rates were measured in
the laboratory for both quiescent and agitated conditions. Map 20 shows the loca-
tions of the sediment chemistry sampling sites. Table 51 lists the parameters ana-
lyzed. In most cases samples were taken at the mid- and quarter-point locations in
river channels, with chemical analyses being conducted for the top and bottom of
each mid-channel core, and for the grab samples taken at the quarter points. The
Rexnord report appendix tabulates the results of each of the sediment chemistry
analyses for the 29 sites sampled, and presents maps for each of nine selected
parameters showing concentrations measured.

In-situ sediment oxygen demand (SOD) was measured at sites 1 through 26, shown on
Map 20, in the summer of 1977 at least once, and up to three times at some loca-
tions. The Rexnord report, in Table 5, tabulates 20-day SOD for each measurement
along with the date of sampling for each of the 26 sites. Average SOD at each site
is also set forth in summary form on maps in this report.

It was concluded that sediment chemistry in the estuary upstream from the outer
harbor was chemically quite similar in each of the river estuary reaches, except for
lead and zinc concentrations in the Kinnickinnic estuary, which were two to three
times larger than those found in the Milwaukee and Menomonee Rivers. In-situ SOD at
20°C was determined more than once at 15 of the 26 sites and did not change signifi-
cantly with time. Because of these similarities, the study concluded that the results
of the Milwaukee River simulation modeling could "also be considered indicative of
conditions in the Menomonee and Kinnickinnic estuaries.

Stream water quality surveys made during the USEPA combined sewer overflow study--
described in the USEPA section of this chapter--for wet and dry weather periods were
used to calibrate the continuous-process simulation model. Dissolved oxygen (DO)
levels data recorded at continuous monitoring sites in the Milwaukee River estuary at

15



OZAUKEE CO.

Map 20
LOCATIONS OF BOTTOM SEDIMENT CHEMISTRY SITES SAMPLED IN THE
SUMMER OF 1977 IN THE MILWAUKEE HARBOR WATERSHED AND NEAR-SHORE
LAKE MICHIGAN FOR THE WATER QUALITY IMPROVEMENT COST-
EFFECTIVENESS STUDY (PG-61) FOR THE MILWAUKEE
METROPOLITAN SEWERAGE DISTRICT
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Table 51

BOTTOM SEDIMENT CHEMISTRY PARAMETERS ANALYZED FOR SEDIMENT
SAMPLES TAKEN IN THE SUMMER OF 1977 IN THE MILWAUKEE
HARBOR WATERSHED AND NEAR-SHORE LAKE MICHIGAN
FOR THE WATER QUALITY IMPROVEMENT COST-EFFECTIVENESS STUDY
(PG-61) FOR THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT

Parameters®
Total Solids Density
Total Volatile Solids pH
5-Day BOD Oxidation-Reduction Potential
Chemical Oxygen Demand lron
Nitrite and Nitrate Nitrogen Cadmium
Ammonia Nitrogen Zinc
Total Phosphorus Lead
Sediment Oxygen Demand® Copper

NOTE: See Map 20 for sampling site locations.

¥The source cited below presents the results of each chemvical analysis.

b

SOD was measured in-situ at sites 1-26 only.

Source: Thomas L. Meinholz et.al., Water Quality Analysis of the Milwaukee
River to Meet PRM 35-74 (PG-61) Requirements, Rexnord Environmen-
tal Research Center, Milwaukee, Wisconsin, report for MMSD.
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St. Paul Avenue, Cherry Street, and North Avenue for the period May through Septem-
ber 1977, are summarized in the Appendix of the Rexnord report. Chlorophyll-a data
used for model calibration were collected at seven sites on the Milwaukee River, at
one site in the inner harbor, and at one site in the outer harbor during the summer
of 1977. Locations and sampling dates are presented in Table 52.

Output data from the calibrated model for each of the four years of continuous
simulation at North Avenue, Walnut Street, and St. Paul Avenue were then used to
determine the frequency of violations of DO and fecal coliform standards for the
alternatives studied. Each alternative was then compared on the basis of a selected
set of cost-effectiveness measures.

The study concluded that dredging would be the most effective alternative to improve
dissolved oxygen levels in the three rivers, and would be expected to result in an
immediate improvement. Complete sewer separation was reported to best reduce the
number of fecal coliform violations expected, with a cost similar to the out-of-
basin alternative at the one-year level of protection, i.e., sized to accommodate a
maximum overflow not exceeded on the average more than once a year. CS0O impacts on
short-term dissolved oxygen levels were found to be primarily associated with sedi-
ment scour, and DO levels were only marginally affected by the direct CSO pollutant
loads. In other words, if sediment scour did not occur, CSO effects on dissolved
oxygen would be marginal. None of the CSO abatement alternatives evaluated would, in
themselves, significantly improve dissolved oxygen levels at North Avenue.

The study recommended that a study of the feasibility of sediment removal be con-
ducted; that a more detailed analysis of the combinations of alternatives evaluated
be made, along with a review of the water quality assumptions that were made; that
studies should be made concerning the effects of improved water clarity upon algal
blooms; and that a comprehensive water quality monitoring program should be imple-
mented to improve upon the data base for existing conditions, and to provide a basis
for comparison of the effects upon water quality of future CSO abatement actions.

The recommended water quality monitoring program, as described in the Rexnord
report, included additional monitoring of sediment oxygen demand and sediment chem-
istry on a monthly basis and prior to and after dredging operations, as well as
monitoring the effects of the submerged CSO discharges upon sediment scour in the
Menomonee and Kinnickinnic Rivers as well as in the Milwaukee River. The study also
recommended measurement of sediment depths to determine deposition rates and sedi-
ment transport load in the rivers. Continuous water quality monitoring in the lower
reaches of each of the three rivers was recommended for at least dissolved oxygen
and water temperature, and should also include other parameters such as conduc-
tivity, pH, and ammonia nitrogen. Weekly or bi-weekly grab sampling was also rec-
ommended, as well as development of a rainfall data storage and retrieval system for

the City of Milwaukee raingage network. Grab sampling was recommended at the follow-
ing locations:

1) at the upstream ends of the Milwaukee and Menomonee Rivers within the Mil-
waukee Metropolitan Sewerage District boundaries,

2) just upstream from the combined sewer outfall affected areas, and

3) within the Milwaukee Harbor estuary generally.
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Table 52

CHLOROPHYLL~A SAMPLING LOCATTONS AND SAMPLING DATES FOR
THE MILWAUKEE RIVER IN MILWAUKEE, AND THE INNER AND OUTER
HARBORS DURING THE SUMMER OF 1977 USED IN THE WATER QUALITY
IMPROVEMENT COST-EFFECTIVENESS STUDIES (PG-61) FOR
THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT

Sampling Date
Location 6/24 7/8 7/15 7/20 7/28 8/8 8/30 9/27
Brown Deer Road...... X X X X -- X X X
Silver Spring Drive.. X X X X - X -- X
Port Washington...... X X X X -- X X X
North Avenue......... - X X X X X -- X
Walnut Street........ - X X X X X X X
Wells Street......... - X X X X -- -- X
St. Paul Avenue...... X X X X X X X X
Inner Harbor......... - -- -- - -- -- X --
Outer Harbor......... -— -- -- -- -- - X --

Source: Thomas L. Meinholz et. al., Water Quality Analysis of the Milwaukee River
to Meet PRM 35-74 (PG-61) Requirements, Rexnord Environmental Research
Center, Milwaukee, Wisconsin, report for MMSD.

Table 53

WATER QUALITY PARAMETERS ANALYZED FOR THE
MILWAUKEE RIVER (1946-1968), THE MENOMONEE RIVER
(1963-1968), AND THE KINNICKINNIC RIVER (1946-1968)

BY THE RIVER QUALITY MONITORING PROGRAM
OF THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT

Parameters
Water Temperature Coliform Bacteria
Dissolved oxygen pH
5-Day BOD Chiorides
Turbidity

NOTE: Sampling site locations are shown on Map 21.

Source: Stevens, Thompson & Runyan, Inc., Combined
Sewer Overflow Pollution Abatement--Phase One,
Volume Three, Appendix, MMSD, 1975.
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Fecal coliform sampling in the rivers, the harbor, and near the beaches was also
recommended following CSO discharge events to provide a basis for comparison of
benefits attributable to CSO abatement projects.

River Water Quality Sampling Program

The Milwaukee Metropolitan Sewerage District collected samples for water chemistry
analyses during non-winter periods on a weekly basis in the Milwaukee, Menomonee,
and Kinnickinnic Rivers. Data are available for a total of 21 sites for the period
1946 through 1968 for the Milwaukee and Kinnickinnic Rivers, and for the period 1963
through 1968 for the Menomonee River. The water quality parameters analyzed are
listed in Table 53. The sampling site locations are shown on Map 21. All sampling
sites were not monitored concurrently, some sites being operated for shorter periods
of time than others. A listing of the parameters analyzed at each station along with
the period of record is presented in a water quality data review included in the
Stevens, Thompson & Runyan, Inc., report.?®

In 1979, MMSD, acting in fulfillment of a staff agreement with SEWRPC, began a river
water quality sampling program to supplement an outer harbor sampling effort con-
ducted by the University of Wisconsin-Milwaukee. The program objective was to define
water quality conditions for five characteristic periods: 1) a spring runoff event,
2) a summer dry period, 3) a summer large storm runoff event, 4) a fall dry period,
and 5) a fall runoff event. This sampling program was carried out in 1980 and sam-
pling data were input to a computer file by MMSD. The data are scheduled to be
available early in 1981. Water quality parameters analyzed are listed in Table 54
and sampling site locations are presented in Table 55. Samples are taken at mid-
stream at the surface, mid-depth, and near the bottom when depths exceeded three
meters. For depths less than three meters, samples were taken at mid-depth.

In addition, to complement outer harbor and near-shore water quality sampling
efforts by the University of Wisconsin at Milwaukee (UWM)--described under the UWM
section of this chapter--the MMSD collected concurrent samples at North Avenue, the
Menomonee River above the Falk Corporation Dam, and the Kinnickinnic River at S. 7th
Street. During 1979, samples were collected weekly starting in April, with weekly
sampling also being conducted in 1980. Water quality parameters analyzed are pre-
sented in Table 56. Data are on the computer file at MMSD.

Since 1975, the MMSD has also been operating continuous dissolved oxygen monitoring
stations on the Milwaukee River just above the North Avenue dam, at Cherry Street,
and at St. Paul Avenue. Continuous water temperature was also monitored, but the
data are not considered reliable because temperature recorder calibration was not

maintained during the monitoring period. Data are on file at MMSD in computer read-
able form.

Outer Harbor and Near-Shore Sampling Program

During 1979, MMSD collected water samples for chemical and physical analyses in the
outer harbor and also near the South Shore wastewater treatment plant to provide
documentation of existing conditions for the facilities planning studies of the
Jones Island and South Shore sewage treatment plants. Eleven locations were sampled

}8Stevens, Thompson & Runyan, Inc., Combined Sewer Overflow Pollution Abate-

ment--Phase One, Volume Three, Appendix, Milwaukee Metropolitan Sewerage District,
1975.
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Map 21
LOCATION OF WATER QUALITY SAMPLING SITES MONITORED BY THE MILWAUKEE
METROPOLITAN SEWERAGE DISTRICT FOR THE RIVER QUALITY MONITORING
PROGRAM FOR THE MILWAUKEE, MENOMONEE, AND KINNICKINNIC RIVERS: 1946-1968
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Table 54

WATER QUALITY PARAMETERS ANALYZED FOR
SEASONAL WET AND DRY WEATHER SAMPLING PERIODS
IN THE LOWER MILWAUKEE, MENOMONEE, AND
KINNICKINNIC RIVERS BY THE MILWAUKEE
METROPOLITAN SEWERAGE DISTRICT: 1980

Parameters
Dissolved Oxygen Chlorophyli-a
Temperature Dissolved Silica
pH Chlorides
Specific Conductance Cadmium
Ammonia Nitrogen Chromium
Total Kjeldah!l Nitrogen Lead
Total Solids Zinc
Total Phosphorus Mercury
Fecal Coliform Bacteria Water Depth

NOTE: Sampling site locations are listed in Table 55.
Source: SEWRPC

Table 55

LOCATION OF WATER QUALITY MONITORING SITES
SAMPLED DURING SEASONAL WET AND DRY
WEATHER PERIODS IN THE LOWER MILWAUKEE,
MENOMONEE, AND KINNICKINNIC RIVERS BY
THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT: 1980

Sampling Locations

Milwaukee River North Avenue Dam
Walnut Street
Wells Street
Milwaukee Avenue

Menomonee River Second Street
Muskego Avenue
Falk Corporation Dam

Kinnickinnic River 4 First Street
Seventh Street

NOTE: Water quality parameters analyzed are listed in
Table 54.

Source: SEWRPC.

122



Table 56

WATER QUALITY PARAMETERS ANALYZED FOR SAMPLES TAKEN
NEAR THE UPSTREAM ENDS OF THE MILWAUKEE,
MENOMONEE, AND KINNICKINNIC RIVER ESTUARIES BY
THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT: 1979-1980

Parameter

Ammonia Nitrogen

Nitrate Nitrogen

Nitrite Nitrogen

Tota! Kjeldahl Nitrogen
Total Phosphorus

Total Filterable Phosphorusd@
Silica

Dissolved Silicad

Chlorophyll-a

Chloride

Turbidity

Total Suspended Matter
Specific Conductance
Dissolved Oxygen
Temperature

Fecal Coliform Bacteria

aAnalyzed in 1980 only.
bAnalyzed in 1979 only.

Source: SEWRPC
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on a weekly basis with nine sites in the outer harbor and two sites just east of the
breakwater in Milwaukee Bay®®’ beginning in April 1979. Samples were taken at
surface, mid-depth, and near the bottom. During 1980, the outer harbor sampling
network was expanded to 14 bi-weekly sampling stations with the three additional
sites being outside the breakwater in Milwaukee Bay, as shown on Map 22 which shows
the locations of all the sites sampled in 1979 and 1980. Water quality parameters
analyzed are listed in Table 57. Meteorological parameters were also monitored at
two sampling sites--the outer harbor entrance and the South Shore sewage treatment
plant. In 1980, the zooplankton and phytoplankton populations were also sampled for
identification and quantification at six sites in the outer harbor and one site out-
side the harbor in Milwaukee Bay.

In 1980 the MMSD also began bi-weekly sampling at 15 locations further offshore
between Fox Point and Wind Point to complement the outer harbor and Milwaukee Bay
sampling program. The outer harbor near-shore sampling program is proposed to be
continued indefinitely to provide lacking background water quality data for existing
conditions.*?®

Jones Island Effluent and Overflow Sampling

The Milwaukee Metropolitan Sewerage District samples the influent and effluent of
the Jones Island wastewater treatment plant to evaluate plant efficiency and to
determine if effluent standards are being met. Effluent characteristics for 20 par-
ameters are currently sampled by MMSD, with sampling intervals ranging from daily to
once every 23 days for the various parameters analyzed. Table 58 1lists the par-
ameters analyzed and the corresponding sampling frequencies, which were taken from
Table 4-20 of the Jones Island Facility Plan Element, Volume 1, Planning Report.*?

The Wisconsin Pollution Discharge Elimination System (WPDES) permit also requires
that MMSD monitor overflows in the Jones Island sewage collection network. Cur-
rently, eight overflow points are monitored continuously by MMSD and ten overflow
points are monitored by the City of Milwaukee for flow, 5-day biochemical oxygen
demand (BOD), suspended solids, pH, and fecal coliform. Locations of these moni-
toring sites are listed in Table 59.

Wastewater discharge from the Jones Island plant is monitored continuously by MMSD.
During wet weather periods, total effluent flows monitored include treated flow and
in-plant bypasses and overflows.

During wet weather flow periods, however, accuracy of the flow record was noted to
be questionable because of the limited capacity of the total effluent meter. The

Planning Report, in Table 4-1, presents daily, weekly, and monthly flows for each of
the years 1975-1978."%2

**Milwaukee Bay is used in this study design to mean those portions of the area
of Lake Michigan situated west of a line between the North Point filtration plant
and the Lakeside power plant inclusive of the outer harbor. '

*°Information provided by David A. Gruber, Water Quality Data Coordinator, MMSD,
December 22, 1980.

“MMSD, Jones Island Facility Plan Element, Volume 1, Planning Report, Milwaukee

Water Pollution Abatement Program, Program Management Office, June 1, 1980.
“2/bid.
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Map 22

LOCATONS OF WATER QUALITY SAMPLING SITES IN THE OUTER HARBOR AND MILWAUKEE
BAY MONITORED BY THE MILWAUKEE METROPOLITAN SEWERAGE DISTRICT: 1979-1980
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Table 57

WATER QUALITY PARAMETERS ANALYZED FOR SITES IN THE OUTER HARBOR
AND MILWAUKEE BAY OUTSIDE THE BREAKWATER SAMPLED BY THE
MILWAUKEE METROPOLITAN SEWERAGE DISTRICT: 1979-1980

Parameters

Specific Conductance
Depth

Temperature

pH®

Dissolved Oxygen

Fecal Coliform Bacteria
Total Kjeldahl Nitrogen?
Ammonia Nitrogen
Nitrate Nitrogena
Nitrite Nitrogen®
Chlorides®

Total Phosphorus
Dissolved Phosphorusa

Total Silica

Total Dissolved Silica®
Suspended Solidsa

Volatile Suspended Solids?
Total Solids?

Cadmium

Chromium

Copper

Lead

Zinc

Chlorophyll-a

Free, Mono-, and Di-Chlorine
Total Organic Carbon®

Total Dissolved Organic Carbon?

NOTE:

Sampling site locations are shown on Map 22.

#Not analyzed in 1979.

Source:
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Table 58

CURRENT EFFLUENT QUALITY PARAMETERS AND SAMPLING
FREQUENCIES FOR THE JONES ISLAND WASTEWATER TREATMENT PLANT

Type og
Parameter Sampling Frequency Sample

5-Day BOD.........oo . Daily C
5-Day BOD (carbonaceous)...... Twice weekly C
Soluble 5-Day BOD............. Twice weekly C
Soluble 5-Day BOD

(carbonaceous)............... Daily C
Total Solids.................. Daily C
Total Volatile Solids......... Daily C
Suspended Solids.............. Daily C
Volatile Suspended Solids..... Daily C
Total Kjeldahl Nitrogen....... Daily . CC
Ammonia Nitrogen.............. Weekly C
Nitrate Nitrogen.............. Weekly C
Nitrite Nitrogen.............. Weekly C
Total Phosphorus.............. Daily C
Soluble Phosphorus............ Daily C
Heavy Metals ................. Weekly C
Fecal Coliforms............... Thrice weekly W
Total Plate Count............. Twice weekly G
PH. Six times daily G
Temperature................... Four times daily G
Chlorine Residuwal............. Twelve times daily G

NOTE: Total effluent sampling program is different than individual outfall
sampling program.

ﬁ C-daily composite; G-grab sample; W~-weekly composite.

Heavy metals include iron, aluminum, cadmium, zinc, nickel, chromium,
copper, and lead.

Sampled and analyzed separately for the east and west outfalls.

Source: MMSD, Jones Island Facility Plan Element, Volume 1, Planning Re-
port, Milwaukee Water Pollution Abatement Program, Program
Management Office, June 1, 1980.
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Table 59

LOCATIONS OF SANITARY SEWAGE OVERFLOW MONITORING SITES
CURRENTLY SAMPLED BY THE MILWAUKEE METROPOLITAN
SEWERAGE DISTRICT AND THE CITY OF MILWAUKEE

Location

MMSD:
W. Hampton Avenue at N. Lydell Avenue
W. Villard Avenue at N. 27th Street
W. Hampton Avenue at N. 32nd Street
W. Roosevelt Drive at N. 35th Street
N. Richard Street at E. Congress Street extended
N. Range Line Road at north side of Milwaukee River
N. Lydell Avenue at W. Lancaster Avenue
Point 800 feet west of N. Humboldt Avenue

City of Milwaukee:
N. Milwaukee River Parkway at W. Wilson Drive
N. Milwaukee River Parkway at W. Lawn Avenue
N. 19th Place at W. Fairmont Avenue
N. 49th Street at W. Luscher Avenue
N. 61st Street at W. Lawn Avenue
5344 N. 60th Street
N. 60th Street at W. Custer Avenue
N. 58th Street at W. Sheridan Avenue
S. 72nd Street at W. Honey Creek Drive
S. 46th Street at W. Cleveland Avenue

Source: MMSD and the City of Milwaukee Bureau of Engineers.

Table 60

JONES ISLAND EFFLUENT POLLUTANT LOADINGS: 1978

Parameter Loading
Biochemical Oxygen Demand..... 8,440 x 103 pounds per year
Total Suspended Solids........ 9,600 x 103 pounds per year
Total Phosphorus.............. ' 169 x 103 pounds per year
Ammonia Nitrogen.............. 2,130 x 103 pounds per year
Fecal Coliform................ 5 X 1013 per year
Average Flow.................. 132 million gallons per day

Source: MMSD, Jones Island Facility Plan Element, Volume 2, Environmental

Assessment, Milwaukee Water Pollution Abatement Program, Program
Management Office, June 1, 1980.
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Pollutant loadings for 1978 from the Jones Island combined sewer outfalls to the
outer harbor are presented in Table 60 for five parameters. Jones Island Facility
Plan Element, Volume 2, Environmental Assessment, in its Table 4-9, also presents
estimates of pollutant loadings from combined sewer overflows and bypasses, indus-
trial discharges, and the Milwaukee River at its mouth.*?

An annual summary of the effluent quality data is presented in the annual reports of
the MMSD. The 1974 annual report includes summary data for each of the years 1969
through 1974 for wastewater flow; pH; total, dissolved, and suspended solids; phos-
phorus, 5-day BOD; total nitrogen; and nitrite and nitrate nitrogen. Plant effluent
chlorination data are also presented.*® Effluent quality data for other parame-
ters and other years are available from MMSD.

Sediment Sampling at the Proposed Jones Island Lakefill

During the summer of 1980, the MMSD collected bottom sediment samples from the outer
harbor just east of the Jones Island wastewater treatment plant for cemical analy-
sis to determine if the sediments at this location were technically categorized as
"hazardous" according to U.S. Environmental Protection Agency criteria. Samples were
analyzed for PCB content, with one sample also being analyzed for "priority" pollu-
tants--the full range of pollutants classified as hazardous, according to federal
regulations. During the same period, samples were also taken for PCB testing from
locations in the Kinnickinnic River at Lincoln Avenue and at the confluence with the
Milwaukee River, and the Menomonee River at its confluence with the Milwaukee River.
Core samples were taken to determine PCB concentration as a function of depth.*®

Meteorological Data Collection

During 1979, the MMSD began operation of a meteorological data collection station to
provide assistance to the UW-Milwaukee (UWM) outer harbor near-shore Lake Michigan
dispersion study, which is described in the UWM section of this chapter. The weather
station is located on the breakwater at the main entrance to Milwaukee Harbor. The
station is equipped with telemetry to transmit the data directly to MMSD offices.
The station records precipitation, wind speed, wind direction, air temperature,
relative humidity, and solar insclation. A computerized data management system
records these data at 5-minute intervals. Another weather station--not equipped with
telemetry--is operated at the Bouth Shore wastewater treatment plant and records the
same parameters except for solar insolation. This station is equipped with analog
recorders only."*®

CITY OF MILWAUKEE

City of Milwaukee programs and studies relevant to the Milwaukee Harbor estuary
study design include the river stage monitoring program of the Department of Public

“3SMMSD, Jones Island Facility Plan Element, Volume 2, Environmental Assessment,
Milwaukee Water Pollution Abatement Program Management Office, June 1, 1980.
““*Annual _Report of the Sewerage Commission of the City of Milwaukee and of the
Metropolitan Sewerage Commission of the County of Milwaukee for the Year 1974,
January 2, 1975.

“%Information supplied by David A. Gruber, Water Quality Data Coordinator, MMSD,
December 22, 1980.

“SIbid.
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Works, Bureau of Engineers; operation and monitoring of the effectiveness of the
Milwaukee River and Kinnickinnic River flushing tunnels by the Bureau of Engineers
and the City of Milwaukee Health Department, beach pollution monitoring, dye tracer
studies, and alewife studies by the City Health Department; and the Humboldt Avenue
combined sewer overflow detention tank study conducted by a consultant for the City
of Milwaukee and the U.S. Environmental Protection Agency. These programs are des-
cribed in the following sections of this chapter.

River Stage Monitoring

The City of Milwaukee, Department of Public Works, Bureau of Engineers, currently
operates four continuous record water level recorders in the Milwaukee Harbor estu-
ary at the locations shown on Map 23. The gages were placed in operation April 21,
1975, and SEWRPC was informed of their placement in a letter dated April 30, 1975.
The Menomonee River estuary gage was initially at Canal Street and 26th Street
(extended). This site was deactivated in November 1977, and the gage was movquto
24th Street and reactivated in April 1978. Data for these stations are available
from the Bureau of Engineers.

In addition to the continuous stage record, the City of Milwaukee has operated
numerous other nonrecording river stage monitoring stations in the estuary. Loca-
tions of these gages, along with periods of record, are listed in Table 61. Gages
were read by observers on a twice daily basis, with more frequent readings during
periods of rapid water level fluctuation. Data for the Kinnickinnic River at Kin-
nickinnic Avenue for the period 1968-1974 are on file at SEWRPC. Remaining data for
this gage and the other gages are on file at the City of Milwaukee Records Center.

On a 5-day per week basis, the Port of Milwaukee currently reads a staff gage
located in the Kinnickinnic River estuary at the former C & O Railway car ferry
pier. Readings are not taken during periods of ice cover. Data have been collected
since 1965 and are on file at the Port of Milwaukee field office on Jones Island.

Milwaukee River and Kinnickinnic River Flushing Tunnels

To enhance the water quality of the Milwaukee and Kinnickinnic River estuaries,
the City of Milwaukee constructed tunnels from Lake Michigan to the upper reaches
of these two estuaries to supply lake water to flush pollutants from these estu-
aries into Lake Michigan. The Milwaukee River flushing tunnel was built in 1888
with the outlet being placed downstream from the North Avenue dam at the foot of
N. Warren Avenue and E. Boylston Place. The tunnel discharge capacity is about 420
cubic feet per second (cfs). Until 1964, the tunnel was operated on a flexible
schedule from May through November. In 1964, the flushing tunnel operation was
transferred to the Milwaukee Metropolitan Sewerage District (MMSD) which operated
the tunnel about 80 hours per week from May through October. During critical

periods, 24-hour operation for up to seven days a week occurs. Hours of operation
since 1964 are on file at MMSD.

The Kinnickinnic River flushing tunnel was built in 1907 with the outlet being
placed immediately downstream from Chase Avenue. The pumping mechanism is rated at
410 cfs. In 1975 the tunnel was operated from June through November, seven hours per
day, five days per week, for the most part. Operating schedules for the tunnel were
included in the annual reports of the Bureau of Engineers of the City of Milwaukee.
Since 1980, MMSD has been operating the Kinnickinnic River flushing tunnel. Flushing
tunnel design details are summarized in the City of Milwaukee Bureau of Engineers
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Map 23

LOCATIONS OF CONTINUOUS RECORD WATER LEVEL
RECORDERS IN THE MILWAUKEE HARBOR ESTUARY OPERATED

BY THE CITY OF MILWAUKEE SINCE APRIL 1975
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Table 61

LOCATIONS AND PERIODS OF RECORD FOR NONRECORDING
RIVER STAGE MONITORING STATIONS IN THE MILWAUKEE HARBOR

ESTUARY OPERATED BY THE CITY OF MILWAUKEE

Period of Gage
River Gage Location Record Number 9
Milwaukee River Broadway Street 1941-63 1
Water Street 1901-74 2
Buffalo Street 1930-65 3
Clybourn Street 1930-60 4
Michigan Street 1930-65 S
Wisconsin Avenue 1930-62 6
Wells Street 1930-62 7
Kilbourn Street 1930-61 8
State Street 1930-55 9
Juneau Avenue 1930-55 10
Cherry Street 1930-55 11
Pleasant Street 1930-55 12
Holton Street 1930-55 13
Menomonee River Plankinton Avenue 1930-58 1
Sixth Street 1941-47 2
Sixteenth Street 1940-55 3
Muskego Avenue 1941-67 4
Kinnickinnic River Kinnickinnic Avenue 1941-67 1b

C & O Car Ferry

NOTE: Data on file in city of Milwaukee Records Center.

aCity of Milwaukee gaging station identification number.

bStaff gage operated by the Port of Milwaukee.

Source:
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report Data Pertaining to Milwaukee's Two River Flushing Stations, published in
1953. SEWRPC also has this information on file.®’

The City of Milwaukee Health Department in 1970 submitted a report to the Common
Council of the City concerning water quality effects of the Kinnickinnic River
flushing tunnel.“® The report included an analysis of the quality of water dis-
charged from the flushing tunnel outlet immediately east of S. Chase Avenue; analy-
sis of water quality conditions in the Kinnickinnic River upstream of the flushing
tunnel at S. 6th Street; and water quality conditions downstream of the flushing
tunnel at the W. Lincoln Avenue and W. Becher Street crossings of the Kinnickinnic
River estuary. Sampling was carried out during the summers of 1967, 1969, and 1970.
Water quality parameters measured are listed in Table 62.

In addition to the above report, a letter dated January 11, 1974 from the City of
Milwaukee Health Department to the City Engineer of Milwaukee, transmits dissolved
oxygen data for the Kinnickinnic River at S. First Street bridge, just downstream
from the flushing station. The dissolved oxygen values were taken at one- to seven-
day intervals for the period September through December 1973,

The report on the flushing station provided an opportunity to compare Kinnickinnic
River water quality in the estuary downstream of the flushing tunnel with that in
the Kinnickinnic River upstream of the flushing tunnel. Furthermore, because the
tunnel was not in operation during the 1969 sampling period, the water quality
investigations provided an opportunity to evaluate the effectiveness of the tunnel
in enhancing estuary water quality.

A summary of all of the physical, chemical, and biological analyses conducted during
the three summers at the four locations is set forth in Table 63. Dissolved oxygen
levels for all locations during the summers of 1967 and 1969 are presented in
graphic form on page 152 of SEWRPC Planning Report No. 32, A Comprehensive Plan for
the Kinnickinnic River Watershed. Based on data presented in the City of Milwaukee
Health Department Report of November 1970,“° some of which is presented in
Table 63, certain conclusions may be drawn concerning the effectiveness of the
flushing tunnel in enhancing estuary water quality.

® When the flushing tunnel is in operation:

1. estuary water quality approximates that of the water being pumped from
Lake Michigan into the estuary.

2. estuary water quality 1is superior to that of the Kinnickinnic River
upstream of the estuary for biochemical oxygen demand, chlorides, and
total and fecal coliform bacteria.

“70n file at SEWRPC in the "Kinnickinnic River Watershed Inventory Memorandum No.
5." Book 1, Exhibit K.

“8E.R. Krumbiegel and Roger H. Hulbert, Report on Operation of the Kinnickinnic
River Flushing Station and Its Effect on Downstream Water Quality, City of Milwaukee
Health Department Report, November 1, 1970. On file at SEWRPC, "Kinnickinnic
Watershed Study Inventory Memorandum No. 5," Book 1, Exhibit B.

“?Ibid.
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Table 62

LIST OF WATER QUALITY PARAMETERS MONITORED IN THE

INNER HARBOR FOR THE KINNICKINNIC RIVER FLUSHING
TUNNEL STUDY DURING THE SUMMERS OF 1967, 1969, AND
1970 BY THE CITY OF MILWAUKEE HEALTH DEPARTMENT

Parameters®
Water Temperature Total Coliforms
Dissolved Oxygen Fecal Coliforms
Biochemical Oxygen Demand pH
Chloride Turbidity

aSampling site locations are S. 6th Street (above flushing tunnel),
flushing tunnel outiet, W. Lincoln Avenue, and W. Becher Street.

Source: City of Milwaukee Health Department Report, November 1,

1970, on file at SEWRPC.
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Table

63

DRY WEATHER WATER QUALITY IN THE KINNICKINNIC RIVER UPSTREAM AND DOWNSTREAM OF THE FLUSHING TUNNEL
WITH AND WITHOUT OPERATION OF THE FLUSHING TUNNEL:

SUMMERS OF 1967, 1969, AND 1970

Arithmetic Mean of All Analyses

Biochemical Total Fecal
Sampling Station Number Dissolved Oxygen Coliform Coliform pH Turbidity
River of Temperature Oxygen Demand Chloride (MFFCC per | (MFFCC per | (standard (standard
Location Mile Samples (°F) (mg/1) (mg/1) (mg/1) 100 ml) 100 ml) units) units)
Summer 1967--Flushing Station Operated
S. 6th Street. P 2.81 26 69.8 10.8 8.7 59.7 395,200 58,700 7.88 50.8
Flushing Station OQutlet. 2.35 26 62.8 8.5 4.1 20.5 73,300 1,900 7.98 25.4
W. Lincoln Avenue. 1.96 26 63.9 8.0 5.5 23.6 244,900 22,000 7.89 30.8
W. Becher Street . 1.67 26 64.9 7.3 5.0 24.3 352,900 15,500 7.92 46.1
Summer 1969--Flushing Station Not Operated
S. 6th Street. L. 2.81 14 70.0 9.4 8.0 44.5 833,600 57,000 8.00 27.8
Flushing Station Outlet. 2.35 14 68.5 5.1 6.1 43.9 214,700 22,300 7.71 21.2
W. Lincoln Avenue. 1.96 14 71.2 2.6 6.2 44.6 293,500 14,200 7.70 26.5
W. Becher Street . 1.67 14 70.2 1.3 6.4 38.3 361,700 8,200 7.61 30.0
Summer 1970--Flushing Station Operated
S. 6th Street. PN 2.81 13 77.9 12.8 6.5 62.1 154,900 18,800 8.53 15.1
Flushing Station Outlet. 2.35 13 63.5 9.9 4.1 20.4 48,400 4,200 8.16 16.1
W. Lincoln Avenue. 1.96 13 61.7 10.1 3.6 19.9 36,900 2,400 8.18 15.2
W. Becher Street . 1.67 13 65.3 9.8 3.9 19.1 50,800 3,900 8.05 16.9

Dissolved Oxygen--Minimum of 5.0 mg/l.
Fecal Coliform--Maximum of 400 MFFCC per 100 ml.

NOTE:
fishery use objectives:
Temperature--Maximum of 89°F.
pH--6.0 to 9.0.

Source:

City of Milwaukee Health Department

Underlining indicates substandard water quality based on the following

criteria associated with the support of recreation and warmwater




3. the dissolved oxygen concentration in the estuary is less than that of the
Kinnickinnic River immediately upstream of the estuary; however, the dis-
solved oxygen levels in the estuary are well above the 5.0 milligrams per
liter (mg/l) minimum standard associated with maintenance of a full warm-
water fishery and recreational use.

® When the flushing tunnel is not operating, the most significant water quality
effects are low to substandard dissolved oxygen levels in the estuary and
increased chloride levels, approximating those of the Kinnickinnic River
immediately upstream of the estuary.

The 1967 through 1970 City of Milwaukee Health Department investigation did include
an examination of relationships between wet weather flow and water quality in
the lower Kinnickinnic River. However, the report concluded that '"no significant
or invariable relationship between wet weather flow and downstream water quality
was established."

The City of Milwaukee Health Department performed dissolved oxygen determinations in
the Kinnickinnic River estuary at the S. First Street bridge at one- to seven-day
intervals during the period September 18, 1973 to December 6, 1973. Dissolved oxygen
values ranged from a low of 4.8 mg/l to a high of 9.7 mg/l, with an average of 7.5
mg/l. Thus the range and the average are generally well above the concentration
standard of 5.0 mg/l. The flushing tunnel was in operation intermittently during
most of this sampling period, with operations discontinued for the season on Novem-
ber 21, 1973.

The principal objective used to establish the operating schedule of the flushing
tunnel is maintenance of a minimum dissolved oxygen concentration of 2.0 mg/l in the
estuary at the S. First Street crossing. The City of Milwaukee Health Department
data suggest that the tunnel operation was successful in satisfying this dissolved
oxygen standard.

Beach Pollution Monitoring

The City of Milwaukee Health Department closely monitors fecal coliform levels near
city beaches. Daily beach water samples are collected during the summer season, and
records since 1961 are kept at the City of Milwaukee Health Department. Intermittent
data are available for the period since 1945. Beaches monitored are Bradford, McKin-
ley, South Shore, and Bay View. Numerous studies have been conducted by the Health
Department concerning beach pollution since 1945, and are briefly discussed in a
previous data review for the Milwaukee Metropolitan Sewerage District.®® Corre-
lations of rainfall with fecal bacteria at beaches was made for beach closing and
duration of closing purposes. Bacteria samples have also been collected intermit-
tently in the inner and outer harbors.

Dye and Drogue Studies

The Milwaukee Department of Health in 1962 conducted numerous dye tracer and drogue
studies in the outer harbor and near-shore Lake Michigan to determine natural flow
patterns under a range of wind and flow conditions. It had been found that wind and
rainfall strongly correlated with fecal bacteria counts at city beaches located on
Lake Michigan outside the outer harbor breakwater.

S°Milwaukee Metropolitan Sewerage District, Combined Sewer Overflow Pollution
Abatement--Phase One, Volume Three, Appendix, 1975.

136



Five dye studies were conducted in 1962 and two in 1963, for a range in wind direc-
tions. Rhodamine B fluorescent dye was injected in the Milwaukee River upstream from
the outer harbor to achieve complete mixing at the mouth of the river. Instantaneous
injections were used in some cases with a line injection used in at least one study.

A flow-through fluorometer with a continuous recorder and a submersible pump was
used to collect samples at different depths in some of the studies. Water tempera-
ture was recorded at each sampling station, with wind speed and direction recorded
at Mitchell Field as part of the National Weather Service station located there.
Sampling station locations are shown on Map 24. Detailed time, fluorometer readings,
and water temperature data were tabulated for each sampling station. Dates of dye
studies, predominant wind direction, and average wind speed are listed for com-
parison in Table 64. Additional details for each dye study are available from the
Health Department and SEWRPC files.®! It was reported that in some of the
studies the dye occasiocnally moved against the wind.

During July and August, 1962, seven drogue studies were conducted in the outer
harbor for a range of wind speeds and directions. Drogue release locations varied
from study to study, but for each individual study, all drogues were released at
approximately the same time and location. Surface drogues were used in only a few
studies, while in other studies drogues set at surface, four-foot, and ten-foot
depths were tracked by using triangulation. In most studies six to eight drogues
were utilized, with one study utilizing as few as two drogues. Drogue path maps were
prepared for some studies, but for others only the raw data are available. These
data would allow for construction of drogue path maps for the remaining studies. In
some studies drogue velocities were also computed and tabulated along with time of
travel between observed locations. The data and the drogue path maps are on file at
the Health Department.®? Dates of drogue studies, predominant wind direction,
and average wind speed are listed for comparison in Table 65. It was found in some
studies that the deep drogues sometimes moved in significantly different directions
than the shallow drogues, which generally moved in the same direction as the wind.

Lake levels during the dye and drogue studies of the summer of 1962 were about two
feet lower than those for the summer of 1980, during which time dye studies were
conducted in the harbor by the University of Wisconsin at Milwaukee. The summer 1962
levels were about 1.0 foot lower than normal lake levels; while the summer 1980
levels were about 1.0 foot higher than normal summer levels. The summer 1963 levels
were about 3.0 feet lower than during the summer of 1980, and about 2.0 feet below
normal summer levels. Therefore, the data developed from these two lake level condi-

tions should be helpful in understanding the hydraulic circulation characteristics
for a range of lake levels.

Humboldt Avenue Combined Sewer Overflow Detention Tank Study

The City of Milwaukee, in cooperation with the U.S. Environmental Protection Agency
(USEPA), conducted a demonstration project evaluating the merits of a detention tank
for combined sewer overflows (CS0).®® A detention tank for intercepting and

*1City of Milwaukee Health Department, "Dye Studies,” 1962, Water Pollution
Research Studies file, Room 105, Municipal Building.

*2City of Milwaukee Health Department, "Drogue Studies,” 1962, Water Pollution
Research Studies file, Room 105, Municipal Building.

*3U.S. Environmental Protection Agency, Detention Tank for Combined Sewer Over-
flow--Milwaukee, Wisconsin, Demonstration Project, Office of Research and Develop-
ment, Research Report EPA-600/2-75-071, December 1975.
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Map 24

LOCATION OF SAMPLING STATIONS FOR FLUORESCENT
IN MILWAUKEE HARBOR AND NEAR-SHORE LAKE MIC

DYE TRACER STUDIES
HIGAN CONDUCTED

BY THE CITY OF MILWAUKEE HEALTH DEPARTMENT: SUMMERS OF 1962 AND 1963
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Table 64

DATES, WIND DIRECTION, AND WIND SPEED FOR DYE
STUDIES IN THE OUTER HARBOR CONDUCTED BY THE CITY

OF MILWAUKEE HEALTH DEPARTMENT:

1962 AND 1963

Predominant

Average Wind

Wind Speed
Date Direction (miles per hour)

August 28, 1962.................. SW --
September 5-6, 1962 .............. NW-N 10
September 12-13, 1962............ SSwW 15
September 17, 1962............... W-WNW 18
September 27, 1962............... N 16
July 2, 1963. ..., ... . . . Nw 15
August 20-21, 1963 ............... SW-SE --

Source: City of Milwaukee Health Department and SEWRPC.

Table 65

DATES, WIND DIRECTION, AND WIND SPEED FOR DROGUE
STUDIES IN THE OUTHER HARBOR CONDUCTED BY THE
CITY OF MILWAUKEE HEALTH DEPARTMENT: JULY AND AUGUST 1962

Predominant Average Wind
Wind Speed
Date Direction (Miles per Hour)
July Sand 6 .......... ... . ... - --
July 17.. .. . NNE-NE 9
July 19... ... o S 12
July 24, . SwW 10
July 26.. ... . NW-NNW 14
August 2..... ... o i, SE 1"
August 7...... ... ... ... . ... W and E 8

Source: City of Milwaukee Health Department and SEWRPC.
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storing CSO from a 570 acre area was built at Humboldt Avenue and the Milwaukee
River. Data for the study were collected intermittently from July 1967, through
November 1972, and included monitoring of rainfall, combined sewers and CSO, the
Lake Michigan flushing tunnel discharge, and the Milwaukee River for pre- and post-
construction periods. Characterization of dry and wet weather sewer and river flow
quantity and quality was deemed necessary to fully evaluate the effectiveness of the
detention tank upon river water quality. For simulation modeling purposes, water
quality boundary conditions in the Menomonee and Kinnickinnic River estuaries
required collection of some data in these reaches also. Locations of river quality
sampling stations are shown on Map 25. Water quality parameters analyzed are listed
in Table 66. Periods for which sampling was conducted at each monitoring site are
presented in Table 67. A complete chronological listing of daily water quality data
collected is presented in Volume III of Humboldt Avenue Pollution Abatement Project,
which also groups data for a 48-hour intensive water quality sampling survey made
September 12-14, 1970; an eight-day dry weather sampling survey made May 17-24,
1972; and a nine-day wet weather survey made August 16-24, 1972.°% Volume III
also organizes data collected by season, e.g., all data collected during spring
months are grouped together, as are data for the other seasons--except winter--for
the period 1967-1972. The last section of Volume III sets forth all dissolved oxygen
(DO) measurements. Continuous DO and temperature monitoring was done automatically
at stations established at Cherry Street, St. Paul Avenue, and on both the upstream
and downstream sides of the North Avenue dam. Only a limited amount of useful DO
data was collected at these four sites, however, because of chronic probe malfunc-
tions due in large part to periphyton growths.

To evaluate factors affecting water quality in the Milwaukee River, a two dimen-
sional (lateral and longitudinal) water quality simulation model was applied and
included not only the Milwaukee River study reach, but also the Menomonee and Kin-
nickinnic River estuaries, the outer harbor, and Lake Michigan near the main
entrance to the outer harbor. Simulation model segments are shown on a map in the
USEPA Research Report (page 207). Good model verification was reported for dry
weather conditions, but for wet weather conditions, significant differences between
simulated and observed dissolved oxygen occurred at St. Paul Avenue and downstream.
The modeling study concluded that factors having a significant influence upon the
quality of the Milwaukee River downstream from the North Avenue dam included
upstream water quality variation, algal and macrophyte activity above and below the
dam, flushing tunnel operation, benthic oxygen demand, urban nonpoint source pol-
lutant loads, combined sewer overflows, and water quality and pollutant loadings
from the Menomonee River during wet weather conditions.

Milwaukee River Alewife Air Curtain Experiment

Because of problems with large numbers of dead alewives floating in the Milwaukee
River between the North Avenue dam and the confluence with the Menomonee River, the
City of Milwaukee Health Department conducted an experiment in the summer of 1964 to
determine the feasiblity of inhibiting alewife migration into the Milwaukee rivers
from Lake Michgan by the use of an air bubble curtain. The study was initiated by
the Milwaukee River Technical Study Committee, at the request of the Mayor of the
City of Milwaukee on July 5, 1963. The committee was comprised of city and county
officials, and the study report is contained in its entirety in ''The Effectiveness
of an Air Bubble Curtain in Stopping, Reducing, or Redirecting Migration of Alewives

S4Consoer, Townsend and Associates, Humboldt Avenue Pollution Abatement Pro-
ject, Volume 11, "Appendix 11" and "Appendix [11," September 1974.
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Map 25
LOCATION OF WATER QUALITY SAMPLING STATIONS IN THE MILWAUKEE
HARBOR ESTUARY SAMPLED FOR THE HUMBOLDT AVENUE COMBINED SEWER
OVERFLOW DETENTION TANK STUDY FOR THE CITY OF MILWAUKEE: 1967-1972
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Source U. S Environmenal Protection Agency, Off/ce of Research and Deve/opmént Re-
search Report EPA-600/2-75-071, December 1975.
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Table 66

LIST OF WATER QUALITY PARAMETERS MONITORED IN
THE MILWAUKEE HARBOR ESTUARY FOR THE COMBINED
SEWER OVERFLOW DETENTION TANK STUDY
FOR THE CITY OF MILWAUKEE: 1967-1972

Parameters
Water Temperature Kjeldahl Nitrogen
pH Ammonia Nitrogen
Conductivity Nitrite Nitrogen
Chemical Oxygen Demand Ortho Phosphate
Dissolved Oxygen Total Phosphate
Chiorides Total Solids
Total Coliform Total Suspended Solids
Fecal Coliform Total Volatile Solids

NOTE: Sampling site locations are shown on Map 25. Sampling
periods for each site are listed in Table 67.

Source: U.S. Environmental Protecion Agency, Office of Research

and Development, Research Report EPA-600/2-75-071,
December 1975.
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Table 67

SAMPLING STATION MONITORING PERIODS IN THE MILWAUKEE
HARBOR ESTUARY FOR THE COMBINED SEWER OVERFLOW
DETENTION TANK STUDY FOR THE CITY OF MILWAUKEE

Year and Seasonb of Sampling
Sampling Station® 1967 1968 1969 1970 1972
40............ AW Su,A -- -- S,Su
¥ -~ -- -- -- S,Su
0., .o Su,A,W S,Su,W -- -- --
2. i, -- Su,A,W S,A,W S,A S, Su
B, - Su,A, W S -- --
37 S Su,A -~ -~ -- --
51 S Su, A Su,A,W S,Su A S,A S,Su
S99, i, -- -- - -- S,Su
62. ... ... -- S,Su,A,W S -- S,Su
64............ -- -~ A A --
65......... ... - -- -- -- S,Su
66.....0n.... -- -- -- S Su
68.. .. ..., Su, A - - -- --
70............ Su, A Su,W -- -- --
12000, Su,A -- S, W -- --
T4............ -- S, W -- -- --
81, .. i -- -- -- -- S,Su
82 ..., - -- -- -~ S, Su
aSamp//‘ng station locations are shown on Map 25.
bS-Spr/'ng (March, April, May); Su-Summer (June, July, August); A-Autumn

(September, October, November); W-Winter [December, January, February)

Source: U.S. Environmental Protection Agency, Office of Research and Develop-
ment, Research Report EPA-600/2-75-071, December 1975.
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Up the Milwaukee Rivers.”®® The experiment utilized a perforated plastic tube

laid across the bottom of the Milwaukee River at the confluence with the Menomonee
River. A compressor pumped air through the tube, emitting a curtain of bubbles
across the river in an effort to deter alewives from crossing the bubble barrier
into the upper reaches of the estuary. The experiment was run for about seven weeks,
beginning May 11 and ending June 30, 1964. The Milwaukee River flushing tunnel was
not operated during the study period until June 16, when water quality conditions
became critical. As part of the study, water quality data were collected for dis-
solved oxygen, water temperatures, pH, and turbidity. Samples were taken on 22 days
for both 6-foot and 15-foot depths and both upstream and downstream from the air
curtain three days per week. Occasional samples were taken in the Menomonee and
Kinnickinnic Rivers, as well as further upstream on the Milwaukee River up to the
North Avenue dam. This report in The Milwaukee River tabulates the water quality
data for each individual sample taken at the Milwaukee River sites near the air
curtain, and also provides mean and median values for each parameter measured.
Remaining water quality data are on file at the health department. Of the 22 days
sampled, 17 days represented natural flow conditions, and five days represented
conditions with flow augmentation. The data indicated that dissolved oxygen levels
just downstream from the air curtain were slightly lower than just upstream. The
study found that the air bubble barrier had a significant effect upon lowering
alewife populations upstream from the barrier.

UNIVERSITY OF WISCONSIN-MILWAUKEE

The University of Wisconsin at Milwaukee (UWM) has conducted or participated in
numerous studies of near-shore Lake Michigan and Milwaukee Harbor. Pertinent UWM
studies described in the following paragraphs concern urban freeway runoff pollu-
tion, the ongoing Milwaukee Harbor and near-shore Lake Michigan study initiated in
1979 for the Milwaukee Metropolitan Sewerage District, two Lake Michigan biblio-
graphies prepared by UWM, and eight other studies related to Lake Michigan near the
Milwaukee area, which are relevant to the design and conduct of a Milwaukee Harbor
estuary water resources management planning study.

Urban Freeway Stormwater Runoff Quality Study

In 1972 and 1973 UWM faculty and staff collected storm water runoff samples from two
urban freeway catchment areas for chemical analyses in a study to quantify and
qualify pollutant loadings from these catchments to receiving waters. The catch-
ments monitored were a 34-acre site discharging into the Menomonee River at State
Street, and an 8-acre site discharging to the Menomonee River at the Milwaukee
County Stadium interchange. A total of 98 samples were collected during the 13-
month period from June 1972 to July 1973, and were analyzed for chemical and bac-
teriological content. Parameters analyzed are listed in Table 68. Tables in the
appendices of Quality of Urban Freeway Stormwater present raw data, and a summary

35George A. Kupfer, "The Effectiveness of an Air Bubble Curtain in Stopping.
Reducing, or Redirecting Migration of Alewives up the Milwaukee Rivers,” The Mil-
waukee River, Milwaukee River Technical Study Committee, 1968.
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Table 68

WATER QUALITY PARAMETERS ANALYZED FOR MILWAUKEE
FREEWAY STORM RUNOFF SAMPLES COLLECTED BY THE
UNIVERSITY OF WISCONSIN-MILWAUKEE: 1972-1973

Parameters
5-Day BOD Phosphate-Phosphorus?
Water Temperature Total Solids
Air Temperature Volatile Total Solids
Dissolved Oxygen Suspended Solids
Total Organic Nitrogen Volatile Suspended Solids
Ammonia Nitrogen Chlorides
Nitrate Nitrogen Calcium Chloride
Nitrate and Nitrite Nitrogen Lead
Fecal Coliforms Calciumd
pH Magnesium9
Total Phosphorus Sodiumd

C]Ana/yzed for February 1972 samples only.

Source: James Jodie, Quality of Urban Freeway Stormwater, University of

Wisconsin-Milwaukee, Department of Systems Design, Masters T hesis,
June 1974.
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table presents the average and the range of the values observed for each of the
water quality parameters.®® Runoff quantity was not monitored.

The study found very high concentrations of sodium chloride and total solids, found
that nitrogen compounds and total phosphorus were 'nominal” in concentration, and
that dissolved oxygen in freeway runoff was very near or equal to the saturation
concentrations. Chloride concentrations occurred at high levels in the winter and
spring and were influenced by road salting, snow or rain, and air temperature
patterns. Five-day biochemical oxygen demand (BOD) was generally much higher than
the effluent from the Jones Island wastewater treatment plant, and suspended solids
concentrations were similar to those of raw sewage. Total organic nitrogen and
total phosphorus in the freeway runoff was much lower than that of the Jones Island
effluent, however.

Fecal coliform counts were much higher than levels suitable for recreational water
use, and lead concentrations were much higher than the allowable drinking water
standard. A "first slug" of contaminants was generally observed in the form of high
concentrations during the first hour of a storm. During snowstorms, high concen-
trations of pollutants--such as lead--associated with snow contamination from
vehicle exhausts were reportedly observed, as well as pollutants associated with
roadway salting. In general, pollutants in freeway runoff were found to occur at
levels well above the 1968 Wisconsin water quality standards for preservation and
enhancement of aquatic life and recreational use.

Wastewater Management Study of Milwaukee Harbor and Near-Shore Lake Michigan

At the request of the Milwaukee Metropolitan Sewerage District, UWM in 1979 initi-
ated a study of Milwaukee Harbor and near-shore Lake Michigan to: 1) provide bioclo-
gical and chemical water quality data against which future data could be compared;
2) determine mixing and transport patterns of MMSD effluent plumes from the Jones
Island and South Shore wastewater treatment plants for a range of meteorological
conditions; 3) determine dispersion and dieoff characteristics of indicator patho-
genic bacteria, and evaluate the utility of indicator viruses; and 4) to mathe-
matically model the effluent plume characteristics. The study was scheduled for
completion of field work by January 1981, and report preparation by October 1981.

Baseline Water Quality Monitoring: Beginning in March 1979, an initial network of
65 sampling stations in Milwaukee Harbor and near-shore Lake Michigan was established
to develop an optimized water quality monitoring network for future sampling and to
provide data for evaluation of pollutant gradients and direction of pollutant trans-
port. Numerous such stations were sampled in the outer harbor, the anchorage area
south of the outer harbor, along the outer periphery of the breakwater protected
areas, and further offshore between Fox Point and Wind Point. Parameters suitable
for automated shipboard analysis and for tracing sewage effluent plumes were mea-
sured at all 65 stations by drawing water continuously from a depth of two meters as
the UWM research vessel, USS Neeskay, moved from station to station. Water quality
data were recorded at two second intervals by an onboard computer. Vertical pro-
files of the same chemical parameters were also taken at selected locations, as were
complete chemical analyses. Sampling cruises were made every other month beginning
in March 1979, with additional cruises conducted during episodic storm events or

S€James Jodie, Quality of Urban Freeway Stormwater, University of Wisconsin-
Milwaukee, Department of Sytems Design, Masters Thesis, June 1974.
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other hydrologic events. The chemical water quality parameters analyzed are listed
in Table 69. Water quality data are stored on magnetic tape at UWM and at MMSD. A
description of sampling and laboratory procedures is provided in the study proposal
submitted to MMSD.®’ The 1979 data were used in part to design an efficient
long-term monitoring network containing fewer sampling stations, but with more
complete chemical analyses.

Mixing and Dispersion Study of MMSD Effluents: During the first year of the UWM
Milwaukee Harbor and near-shore Lake Michigan study, dye and current studies were
initiated near the outfalls of the Jones Island and South Shore wastewater treatment
plants to provide a ''quantitative description of the mixing, dilution, and disper-
sion characteristics of the existing MMSD sewage outfalls'®® These studies were
also intended to identify the locations of the effluent plumes for concurrent chemi-
cal and biological sampling. More specifically, the objectives of this phase of the
UWM study were: 1) '"to determine the horizontal extent of the effluent dispersion
from the Jones Island and South Shore outfalls and their relation to the horizontal
circulation in the harbor and lake;" 2) '"to determine the vertical distribution of
the effluents at both outfalls;" 3) "to determine the rate of mixing and dilution of
the effluents and the nature of its transport in the Milwaukee Harbor and at the
South Shore plant;" and 4) '"to provide field identifications of effluent distribu-
tion for subsequent guidance for water quality monitoring locations."

Rhodamine WT dye was injected into the Jones Island effluent on June 21, August 21,
and October 9, 1979, and the dispersion through the outer harbor was monitored hori-
zontally and vertically. A shipboard computer plotted the plume to guide the sam-
pling effort. Water temperatures were measured at multiple depths during the dye
tracing periods, as were current speed and direction. Dye studies were coordinated
with biological and chemical sampling efforts. Additional dye studies were scheduled
for 1980. Computer programs were developed to edit, correct, and plot the extensive
dye sampling and current meter data for use in statistical and graphical analyses.
Data are on computer file at UWM and are being transferred to MMSD.

Microbiological Studies: The objectives of the UWM Milwaukee Harbor and Near-shore
Lake Michigan microbiological study were: 1) to provide baseline bacteriological
water quality data; 2) to determine die-off rates of indicator bacteria originating
in MMSD effluents; and 3) to isolate and identify polioviruses and closely related
enteroviruses from samples collected in the Milwaukee Harbor and adjacent Lake
Michigan, and, because man is the only known host of poliovirus, to quantify their
presence for use in detection of potential human pathogens.

For the bacteriological studies samples were collected in May 1979, and monthly from
July through December, 1979, in areas exhibiting typical overall water quality and
under a range of weather conditions. In addition, sampling was conducted in May
1979, after a heavy rainfall event, and during an extremely dry period in October
1979. Samples were collected at discrete depths along with bottom sediment samples
for bacterial counts. Bacteria die-off kinetics for each season of the year were
scheduled for study in 1980. Bacteria monitored were total coliforms, fecal coli-

*"University of Wisconsin-Milwaukee, "An Investigation of the Biological and
Chemical Water Quality and the Dispersion of Sewage Effluents in Milwaukee Harbor
and Adjacent Lake Michigan," Study Proposal submitted to MMSD, January 1979.

*8/bjid.
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Table 69

BASELINE WATER QUALITY PARAMETERS ANALYZED IN MILWAUKEE
HARBOR AND NEAR-SHORE LAKE MICHIGAN BETWEEN FOX POINT AND
WIND POINT BY THE UNIVERSITY OF WISCONSIN-MILWAUKEE: 1979-1980

Parameters
Ammonia Nitrogen Total Suspended Matter
Nitrite Nitrogen Total Organic Carbon
Nitrate Nitrogen Area
Total Kjeldah!l Nitrogen Turbiditya
Ortho-Phosphate Conductivitya
Total Phosphorus Chemical Oxygen Demand
Silica Water Temperaturea
Chlorophyll—aa Dissolved Oxygena
Total Alkalinity pH?
Chloride Fluorescence®

Monitored at all 60 sampling stations and continuously between sampling
stations.

Source: A
UWM, "“An Investigation of the Biological and Chemical Water Qual-
ity and the Dispersi