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Surface Water Quality
GENERAL BACKGROUND

The Sheboygan River Basin drains 619 square miles, encompassing all of Sheboygan County and
portions of Ozaukee, Fond du Lac, Caumet, and Manitowoc counties. The basin is bordered by the
Manitowoc River Basin to the north, Lake Winnebago drainage to the west, the Milwaukee River Basin to
the south, and on its eastern edge, Lake Michigan. The Sheboygan River, with its major tributaries the
Onion and Mullet rivers, discharges into Lake Michigan. Other streams in the basin that drain directly
into Lake Michigan include; Sauk Creek, Sucker Creek, Barr Creek, the Black River, and the Pigeon
River as well as numerous small unnamed streams (WDNR 1988). There are 21 lakes and six river
impoundments greater than 10 acres and over 45,000 acres of mapped wetlands are within the Sheboygan
River Basin.

The topography of the basin ranges from low flat moraine in the east, to a central area of kettle moraine
landscape. The western portion consists of abundant wetlands interspersed between the low rounded hills
of the basin. Elevation of the basin varies from 50 feet to 150 feet above Lake Michigan. The basin is
graded to the east at slopes that range from 0 feet to 21 feet per mile with the average grade being 7 feet
per mile. Soils of the eastern basin are generally "heavy" clays that have lower permeability and tend to
promote runoff of soil and animal wastes. The central moraine area has the associated glacial till or
gravelly soil and the western soils are generally loamy and light textured (WDNR 1995).

Agricultural uses such as pasture land, cropland and vacant fields are the dominant land use in the
Sheboygan River Basin. Natural areas, defined as open water, woodlands, wetlands, park lands, and
undisturbed non-agricultural lands, account for the second largest type of land use in the basin. Urban,
residential, and transportational land uses make up the remaining portion of the basin (WDNR 1995).

HISTORICAL WATER QUALITY

Runoff from both specific and diffuse sources, contaminated sediment, habitat modifications (e.g.
channelization, dams) have degraded water quality throughout the Sheboygan River Basin. Construction
site erosion and imperviousness (e.g. roads, roofs, parking lots, etc.) are emerging threats to water quality
as much of the Sheboygan River Basin undergoes urbanization.

PRESENT HABITAT AND WATER QUALITY

Baseline water quality information for the Sheboygan River Basin were collected from 1994 to present
from the basin's six watersheds; Sauk/Sucker Creeks, Black River, Sheboygan River, Onion River, Mullet
River, and Pigeon River. Overall, the results show that the major streams in the basin, the Sheboygan
River, Mullet River, Onion River and Pigeon River, had relatively good water quality— particularly in
the headwaters. One of the greatest challenges which faces the Sheboygan River Basin are the ecosystem
health effects from the PCB contaminated sediment in the lower fourteen miles of the Sheboygan River.
The water quality conditions of specific streams and lakes are discussed in detail within the watershed
sections. A summary of the overall water quality conditions for each watershed is shown in Table 1.
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Table 1. Sheboygan River Basin Watershed Summary

1
Watershed Area Drains to Water Quality
(sg. miles)
Sauk Creek and Sucker 58 Lake Michigan | Fair to Poor
Creek (SHO1)
Black River (SH02) 36 Lake Michigan | Poor
Good in the headwaters and
_ o fair to poor in lower reaches. The last
Sheboygan River (SHO3) 260 Lake Michigan 14 miles of stream to Lake Michigan
are very poor due to PCB
contamination.
Onion River (SHO4) 08 Sheboygan Ggod to Exc.ellent in hea.dwaters and
River fair to poor in lower sections.
Mullet River (SHO5) 28 Sheboygan GQOQ in the headwaters and good to
River fair in the lower reaches.
Pigeon River (SH06) 79 Lake Michigan | Good in the headwaters and
fair to poor in lower reaches.

" Based on monitoring data collected since 1994.

METHODS
STREAM WATER QUALITY MONITORING ACTIVITIES

Water quality monitoring for the Sheboygan River Basin consisted of three general types: condition
monitoring, problem assessment, and evaluation monitoring.

Condition Monitoring - Condition Monitoring was conducted to determine the general water quality
characteristics of a basin's surface waters and to identify water quality problems within the basin.
Sheboygan River Basin condition monitoring projects include:

. Trend Monitoring of Fixed Stations — Streams
. Trend Monitoring — Lakes

. Baseline Monitoring — Streams

. Baseline Monitoring — Lakes

Problem Assessment Monitoring - Problem Assessment Monitoring is conducted to assess the causes,
sources and extent of a specific surface water quality problem. The main objective is to provide the
information needed to determine management or regulatory actions for mitigation of specific problems.
Problem Assessment Monitoring projects recently conducted in the Sheboygan Basin include:

. Sheboygan River Basin Sediment Survey

. Mullet River Assesment at the Northern Moraine Utility Wastewater Treatment Plant
. Contaminated Sediment Survey — East Branch Belgium Creek

. Sheboygan River Food Chain Contaminant Assessment (RAP)

. Stream Classifications

10
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Evaluation Monitoring - Evaluation Monitoring is conducted to evaluate the effectiveness of
management and regulatory actions taken to mitigate environmental problems or maintain existing
beneficial uses. Evaluation Monitoring projects consisted of:

. Fish Contaminant Monitoring

. Otter Creek Nonpoint Source Evaluation Monitoring

. Water quality and biological monitoring at the Old Wade House State Park

. Volunteer Monitoring — Water Action Volunteers (WAV) and Testing The Waters

NR 195 - River Protection Grants

Beginning in 2000 River Planning and Management Grants have become available to units of local
government, non-profit conservation organizations and qualified river management organizations. Cost
sharing grant assistance (75%) is available for activities that will help provide information on riverine
ecosystems, improve river system assessment and planning, increase local understanding of the causes of
river problems, and assist in implementing management activities that protect and restore river
ecosystems.

The purpose of the River Protection Grant Program is to assist these organizations or municipalities in
protecting or improving natural river ecosystems. This grant program is also intended to provide
assistance in the formation of river management organizations and provide support and guidance to local
organizations that are interested in helping to manage and protect rivers, particularly where resources and
organization capabilities may be limited.

With these goals in mind, the program provides assistance to a variety of project sponsors to undertake
their chosen river protection projects. A wide array of activities are eligible for grant assistance, ranging
from information gathering to land acquisition and management. The grants are given to support new
projects, not subsidize current, ongoing operations or replace existing funds. The two types of grants that
are available in the River Protection Grant Program are river planning grants and river management
grants.

River planning grants up to $10,000 are available for organizational development projects that assist in
the formation of a qualified river management organization or strengthen the capacity of an existing
organization to protect or improve natural river ecosystems. These grants are also available for river
improvement education projects and for river-related assessments and plan development.

River management grants up to $50,000 are available for projects that include purchase of land or a
conservation easement, local ordinance development, installation of nonpoint source pollution control
practices and river restoration activities. Management grant funds may also be used for education,

planning and design activities necessary for completion of a management project.

Aquatic Resource Assesment Methods

Fish Community Assesments

Fish community assessments were conducted in the Sauk/Sucker Creeks, Onion River, Black River,
Mullet River, and Pigeon River watersheds. The stream reaches were sampled with either backpack or
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towed electroshocking equipment. Each survey consisted of a single pass from downstream moving
upstream. All fish were collected then identified, enumerated and released. Some specimens were kept
as voucher samples. Fish collections were assessed following protocols developed by Lyons (1992) to
calculate an Index of Biotic Integrity (IBI) for each site. The IBI ratings and their descriptions are listed
in Table 2.

Table 2. Guidelines for interpreting overall 1BI scores (Lyons 1992)

Overall BlloHc
Integrity Fish Community Attributes
IBI Score .
Rating

100-65 Excellent Comparable to the best situations with minimal human disturbance; all regionally
expected species for habitat and stream size, including the most intolerant forms, are
present with a full array of age and size classes; balanced trophic structure.

64-50 Good Species richness somewhat below expectation, especially due to the loss of intolerant
forms; some species, especially top carnivores, are present with less than optimal
abundance or size/age distributions; trophic structure shows some signs of imbalance.

49-30 Fair Signs of additional deterioration include decreased species richness, loss of intolerant
forms, reduction in simple lithophils, increased abundance of tolerant species, and/or
highly skewed trophic structure (e.g., increasing frequency of omnivores and decreased
frequency of more specialized feeders); older age classes of top carnivores rare or absent.

29-20 Poor Relatively few species; dominated by, omnivores, tolerant forms, and habitat generalists;
few or no top carnivores or simple lithophilous spawners; growth rates and condition
factors sometimes depressed; hybrids sometimes common.

19-0 Very poor Very few species present, mostly exotics or tolerant forms or hybrids; few large or old
fish; DELT fish ( fish with deformities, eroded fins, lesions, or tumors) sometimes
common.

No Score Very poor Thorough sampling finds few or no fish; impossible to calculate IBI.

Aquatic Habitat Assessments

Riparian and in-stream habitat conditions were assessed using rating systems developed by Ball (1982).
This rating system places a large emphasis on water quality and water resource values to develop a stream
classification. In addition the Fish Habitat Rating - Streams system developed by Simonson et al. (1994)
was used to provide a more quantitative site to site and year to year database for comparison. This
scoring system was developed and intended to rate the ability of the physical habitat to support a diverse,
healthy fish community. Variables used in this rating system included: substrate, cover for fish, channel
features, riparian conditions, and pool/riffle quality (Simonson et al. 1994).

Macroinvertebrates

Macroinvertebrate samples were collected in all six watersheds to calculate a Biotic Index for each site.
Using sampling protocols developed by Hilsenhoff (1987) samples were collected from riffle substrates
using the "kick" method and a D-Frame net (WDNR 1987). The samples were then preserved in 80%
ETOH and sent to the University of Wisconsin Stevens Point for identification and enumeration. This
information was then entered into the state's macroinvertebrate data base and analyzed using the state's
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macroinvertebrate program to determine HBI values, diversity indices and species abundance. The HBI
water quality ratings are described in Table 5.

Table 3. Biotic Index Rating Descriptions (Hilsenhoff 1987)

Biotic Index (HBI) Water Quality Degree of Organic Pollution
0.00 - 3.50 Excellent Organic pollution unlikely
3.51-4.50 Very Good Possible slight organic pollution
4.51-5.50 Good Some organic pollution likely
5.51-6.50 Fair Fairly substantial pollution likely
6.51-7.50 Fairly Poor Substantial pollution likely
7.51-8.50 Poor Very substantial pollution likely
8.51-10.00 Very Poor Severe organic pollution likely

Water Chemistry

Trend monitoring water chemistry sites were sampled quarterly at the Sheboygan River at Esslingen Park
near the USGS gage station. Grab samples were taken at each water chemistry site from just under the
surface in the main flow (thalweg) of the stream. Sample are collected following WDNR protocol and
sent to the State Lab of Hygiene for analyses. Water chemistry samples were tested for nutrients (total
phosphorus, ortho-phosphorus, nitrogen, ammonia), suspended solids, hardness, bacteria (MFFCC -
membrane filtered fecal coliform counts), chlorophyll a, biochemical oxygen demand (BOD- 5 day), pH,
conductivity, dissolved oxygen, turbidity, temperature, and stream flow.

Sediment Quality Assessments

Sediment samples were collected as part of the Sediment Screening Level Assessment Survey from the
Mullet River, Sheboygan River, and Onion River watersheds. The sediment inventory sampling was
intended to provide baseline sediment quality information from river impoundments throughout the basin
and to identify potential impacts from specific pollutant sources. All samples were collected following
the protocol identified in the Wisconsin DNR Field Procedures Manual (WDNR 1994). Samples were
sent to the State Lab of Hygiene and analyzed for PCB's, PAH's and for ten heavy metals; cadmium,
chromium, boron, copper, iron, lead, manganese, mercury, selenium, and zinc. A portion of the samples
were also analyzed for total phosphorous, ammonia, total organic carbon, and particle size.

LAKE WATER QUALITY MONITORING ACTIVITIES

DNR's Lake Management Program is responsible for protecting and maintaining Wisconsin's lakes to
provide a full complement of lake uses for all citizens. With 15,000 inland lakes to manage, the Lake
Management Program shares responsibility for protecting lakes with University of Wisconsin - Extension,
lake districts and associations, and lake-specific conservation and community groups. It acts as a catalyst
to help produce the greatest benefit from coordinated action of the 20 or so DNR programs that affect
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lakes. A major goal is ensuring adequate water quality database exists so present and future management
programs are soundly developed.

Presently, there are seven sub-programs administered by the DNR Lakes Management Program that
directly affect lakes across the state, as well as the Sheboygan River Basin. They include:

Self-Help Monitoring

Long-Term Trend Monitoring
Aquatic Plant Management Program
NR 190 - Lake Planning Grants
Priority Lake Projects

NR 191 - Lake Protection Grants
EPA Clean Lakes Grants

* K Kk K X ¥ ¥

The following are brief descriptions of these programs:

The Self-Help Monitoring Program gives citizens an active role in lake management activities and
assists the DNR with basic data collection. The self-help volunteers are trained by a DNR lake
management specialist. More than 300 volunteers statewide participated in the program during 1990. In
the Sheboygan River basin, four volunteers participated, monitoring Big Elkhart, Wolf, and Crystal lakes.

The Self-Help volunteers are trained by a DNR lake management specialist to collect water quality data.
There are three levels of monitoring within the program.

Basic: Volunteers are trained to collect water clarity data using a Secchi disk.

Trophic state: After successfully participating in the basic program for a couple of years, willing
volunteers are taught how to collect water samples to determine total phosphorus and
chlorophyll-a concentrations that can be used to generate a measure of the trophic state of the
lake, or its nutrient enrichment.

Expanded: The expanded program is available to the senior volunteers who are interested in
collecting even more data. Volunteers are trained how to measure the dissolved oxygen and
temperature profile of a lake.

Each level requires additional training, time, and commitment from the volunteer.

DNR conducts intensive monitoring on 50 lakes statewide five times per year for the Long-Term Trend
Monitoring Program. Water chemistry and biological and physical conditions will be monitored for
about 10 years (begun in 1986) to evaluate trends in lake water quality. Chemical data will be
supplemented by surveys of aquatic plants, fish, bottom-dwelling invertebrates, land use practices in the
watershed, weather, and physical setting. Two lakes in the Sheboygan River Basin are part of the Long-
Term Trend Monitoring Program: Crystal Lake and Wolf Lake.

Under NR 107, the Aquatic Plant Management Program (APM) regulates the use of chemical
herbicides for the control of plants and algae in Wisconsin lakes and other water bodies. This program
provides permits for applying herbicides to aquatic sites to abate nuisances caused by excessive plant
growth, and ensures that the public is informed of herbicide treatments. The objective of the permit
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procedure is to preserve the ecological benefits of aquatic communities, including fish and wildlife
habitat, erosion prevention, and water quality maintenance. The program also disseminates information
about the benefits of aquatic plants and alternative methods of control. Finally, the program regulates
other chemical treatments of lakes for management purposes.

This basin plan identifies lakes that should be the highest priorities for designation of sensitive areas
under the APM program. Sensitive areas are areas of aquatic vegetation offering critical or unique fish
and wildlife habitat, water quality protection, or erosion control benefits to a lake. These areas are
cooperatively designated by district water resources, fisheries, wildlife, and water regulation staff.
Generally, APM permits are not granted for treatment of sensitive areas, or are granted for the control of
exotic species only. Sensitive area designation may also affect the issuance of Chapter 30 permits by the
Bureau of Water Regulation and Zoning.

NR 190 - Lake Planning Grants are available to lake districts, lake associations non-profit conservation
organizations, counties, cities, villages, or towns, for collection of baseline data to provide information on
the quality of water in lakes, delineation of watershed boundaries, land use practices within a lake's
watershed, definition of local zoning and government authority to control pollution sources, or acquisition
of sociological information important to long-term management of the lake. Lakes may receive up to
$50,000 per lake per year with a 25-percent local cost-share.

Lakes which have been designated in this plan as Outstanding Resource Waters, either Class IA
(phosphorus sensitive), Class IB and/or Class I1A, and that are affected by polluted runoff can apply to
become Small-Scale Nonpoint Source Priority Watershed projects. These priority watershed projects
will encourage, through financial incentives, voluntary implementation of best management practices in
watersheds with documented water quality problems or threatened water quality as a result of nonpoint
sources of pollution. Watersheds are selected, if the implementation of best management practices will
result in improved water quality through a decrease in nutrient loading, or if they need to be protected
from further degradation.

NR 191 - Lake Protection Grants are available to all counties, towns, villages, tribes, qualified lake
associations, town sanitary districts, other local units of government and lake districts. These grants assist
lake management organizations by helping to provide protection of critical watershed areas and lake use
activities that benefit the water quality or natural ecosystem of the lakes. Eligible projects include:

* The purchase of property that will substantially contribute to the protection or
improvement of a lake's water quality or its natural ecosystem,

* The restoration of wetlands, or lands draining to a wetland, that will substantially
contribute to the protection or improvement of a lake's water quality, or its natural
ecosystem,

The development of local regulations or ordinances, which will prevent degradation of a
lake's water quality or its natural ecosystem.

The Lakes Management Program acts as liaison with the U.S. Environmental Protection Agency (EPA)
for the federal EPA Clean Lake Grant Program. Clean Lakes provides cost-sharing grants for the
planning and implementation of lake protection and restoration projects for individual lakes. The awards
are competitive and typically for 50 percent of the cost of the project. Phase I grants cover diagnostic and

15



Water Resources of the Sheboygan River Basin

feasibility studies while Phase II grants cover implementation work. Wisconsin has the opportunity to
apply for grants on behalf of local project sponsors each year. District WRM is responsible for selecting
and developing projects to be submitted to EPA. Applications are then coordinated and finalized by the
lakes management program. Successful applications are administered jointly by central office and district
staff.

Agquatic Plant Management

Abundant and unsightly plants--native or not--growing where unwanted are a concern for Wisconsin
citizens. In some lakes, these "weeds" impair fishing and other recreational uses.

Yet the extreme opposite of excessive plant growth, a plant-barren lake bottom, is much worse. Aquatic
plants play an essential and beneficial role in the life support systems of most lakes. They produce oxygen
and organic material, which helps keep the lake and organisms in the lake alive. The leaves and stems of
aquatic plants are home to insects and small attached plants. Plants provide spawning areas, food and
protective cover for aquatic organisms. Their roots help stabilize lake bottoms and prevent shoreline
erosion. Ducks, beaver and muskrat use plant roots, tubers and stems as food and building materials.

If weeds do become a concern in a lake, there are a variety of management techniques available, both
mechanical and non-mechanical. Hand harvesting, raking, aquatic plant screens and mechanical
harvesting have been successfully applied in Wisconsin lakes. These techniques are preferable to
chemical herbicide application. Aquatic herbicides are not selective. They can destroy valuable vegetation
along with less desirable plants. Lake biologists are concerned about the long- and short-term effects
chemicals may have on lakes. WDNR can provide fact sheets on a number of chemical herbicides and
their alternatives.

When choosing a plant management technique, lake property owners and lake management organizations
should select the technique that offers the best control with the least potential for disrupting the balance of
the lake's ecosystem. WDNR's aquatic plant management specialists can help concerned organizations
find the best solution for managing an individual lake. Weed removal or screens may, however, provide
only a temporary solution. The best way to thwart excessive plant growth is to cut off surplus nutrients
and sediments flowing into a lake. Most lakes have so many nutrients in them already that stopping the
inflow of nutrients won't cause change for many years. It will, however, keep problems from worsening,
and help protect any investment in short-term management.

EXOTIC SPECIES CONCERNS
ZEBRA MUSSELS

The zebra mussel (Dreissenia polymorpha) is a tiny (1/8-inch to 2-inch) bottom-dwelling clam native to
Europe. The mussel takes its name from its striped shell. Zebra mussels were introduced into the Great
Lakes system in 1985 or 1986 and first turned up in Lake St. Clair. They have spread throughout the
Great Lakes and are now found in Green Bay, Sheboygan and Kenosha counties. Zebra mussels were
first found in Wisconsin waters of Lake Michigan in 1989. In August 1994, Elkhart Lake became the
second inland Wisconsin lake infested with zebra mussels.

16



Water Resources of the Sheboygan River Basin

Although the mussels are small, they can cluster together to form colonies of thousands of individuals per
square meter. Any hard underwater surface, such as rock substrate, piers, boat hulls, commercial fishing
nets, buoys, water intake pipes, and even other invertebrates, can be covered by layers of mussels in a
short time. Established zebra mussel colonies create a uniform gravel-cobble sized substrate.

The zebra mussel will most likely become a permanent part of the Great Lakes environment and most
authorities consider the spread of zebra mussels across Wisconsin almost a certainty. The mussel is a
prolific breeder and each mature female can produce 30,000-50,000 eggs per season. Zebra mussels can
spread from the Great Lakes to inland waters either as veligers (larvae) transported in the live wells of
boats, bait buckets, or engine cooling water, or as juveniles and adults attached to boat hulls, engines, fish
cages or other items.

The efficient feeding habits of zebra mussels have the potential to alter the entire ecology of many of our
inland lakes. One zebra mussel by itself is capable of filtering about one liter of water per day. When
they are abundant, however, it is likely an intraspecific competition exists, reducing the mussels filtering
capacity.

For additional information on zebra mussels in the Sheboygan River Basin contact Steve Galarneau,
Wisconsin Department of Natural Resources, P.O. Box 12436, Milwaukee, WI 53212-0436 or by phone
at (414)-229-0859 or via e-mail at GALARS@DNR.STATE.WI.US.

EURASIAN WATER MILFOIL

Eurasian water milfoil (Myriophyllum spicatum) is a submersed aquatic plant native to Europe, Asia and
northern Africa. It is one of eight milfoil species found in Wisconsin and the only one non-native to the
state. Of Sheboygan's 41 lakes, Eurasian water milfoil has turned up in five. The plant likely occurs in
other Sheboygan lakes, but is not yet documented. Generally, the plant goes unnoticed until it has
established itself in a lake and become a nuisance.

The problem with Eurasian water milfoil stems from its propensity for explosive growth and its ability to
regenerate. Eurasian water milfoil is a biological pollutant that can outcompete important native aquatic
plant communities, especially in disturbed areas. Eurasian water milfoil can form huge monocultural
strands, diminishing recreational uses like swimming, fishing, and boating. In some cases, this exotic has
grown dense enough to obstruct industrial and power generation water intakes.

The ecological repercussions include loss of plant diversity, degraded water quality, and reduced habitat
for fish, invertebrates and wildlife. Native aquatic plants are the foundation of a healthy aquatic
environment and must be protected.

Purple Loosestrife

Purple loosestrife (Lythrum salicaria), isa beautiful but aggressive invader that arrived in eastern North
America in the early 1800’s. Plants were brought to North America by settlers for their flower gardens
and seeds were present in the soil used as balast on ships. Since it was introduced, purple loosestrife has
spread westward and can be found across much of the United States and Canada.

Purple loosestrife is a very hardy perennial, which can rapidly spread into wetlands and degrade their
value for wildlife habitat. Wetlands are one of the most biologically diverse, productive components of
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our ecosystem with hundreds of species of plants, birds, reptiles, insects, mammals, fish and amphibians
relying on a healthy wetland habitat for survival. Once purple loosetstrife gets a foothold, the wetland
quickly becomes choked under a sea of purple flowers and the natural habitat that supported a diversity of
plants and animals becomes simplified and degraded. Shelter and food sources are diminshed. Purple
loosestrife has spread to all contiguous states (except Florida) and all Canadian provinces.

Controlling the spread of purple loosestrife in the Sheboygan River Basin is crucial to protecting vital
fish, plant and wildlife habitat. If caught early, pulling, cutting and digging plants are viable control
methods. All plant parts must be removed, because broken roots and seed heads may sprout new plants.
Biological controls can be an effective method as well. Please see the Black River Watershed section for
a discussion of the application of biological controls at a site in the lower Black River.

Wiscosin Department of Natural Resources Exotic Species Web-site

For additional information on these and other exotic species present in Wisconsin, please see our web-site
at www.dnr.state.wi.us/org/water/wm/glwsp/index.htm.
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Watershed Narratives

The watershed narratives to follow contain information on the lakes and streams of each watershed. The
following give you information on how to read the tables found at the end of each watershed narrative.

HOW TO USE THE LAKE TABLES

Lake Name: All named and unnamed lakes greater than 10 acres for each county in the Sheboygan River
Basin are listed on each county's lake table. Lake names are those found on U.S. Geological Survey
(USGS) quadrangle maps unless the Wisconsin Geographic Names Council has established a different
name. Some lakes are known locally by other names. Where available, those names have been listed along
with the lake's official name.

Surface Area: The surface area is the size of the lake, in acres, as listed on the DNR Master Waterbody
File.

Max/Mean Depth: Maximum depths are those listed in "Wisconsin Lakes," DNR. Mean depths, where
available, are listed from each county's "Surface Water Resources."

Location (T-R-S): Lakes are identified by township, range, and section.

Watershed No.: The watersheds are identified for each lake listed using the DNR Master Waterbody File
in conjunction with USGS seven minute topographic maps. The watersheds are listed for cross-reference
with other sections of this plan.

Lake Type: Each lake type displays unique limnological characteristics based on physical and chemical
properties. Production of plant and animal life generally varies in accordance with lake type. Basic
classifications and qualifying criteria are:

drainage lake: impoundments and natural lakes whose main water source is from stream drainage.
Has at least one inlet and one outlet.

drained lake:  natural lake whose main water source is dependent on the groundwater table and
seepage from adjoining wetlands. Seldom has an inlet but will have an outlet of
very little flow similar to the seepage lake except for the outlet.

seepage lake:  landlocked. Water level maintained by groundwater table and basin seal.
Intermittent outlet may be present.

spring lake: seldom has an inlet, but always has an outlet of substantial flow. Water supply
dependant upon groundwater rather than surface drainage.

The abbreviation "imp" following any lake type denotes that an impounding structure (dam) is located on
that lake. NOTE: Shallow impoundments commonly exhibit similar physio-chemical characteristics; such
as excess sedimentation, turbidity, excess vegetation and algae, rough fish, and water level fluctuations.
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Phosphorus Sensitivity: The purpose of this analysis is to classify lakes according to their relative
sensitivity to phosphorus loading and existing trophic condition. The screening identifies high quality lakes
that should receive highest priority for nutrient control management. The analysis first separates lakes into
two major categories; lakes that are sensitive to increased phosphorus loading (Class 1) and lakes less
responsive to changes in phosphorus loading (Class II). Lakes in each general classification are then
subdivided into management groups based on data needs or existing water quality conditions.

Class I: A = existing water quality fair to excellent; potentially most sensitive to
increased phosphorus loading
B = existing water quality poor to very poor; less sensitive to increased phosphorus
loading than Group A
Ins = data inadequate or insufficient to assess trophic condition; classification
monitoring recommended
D = stained, dystrophic lake, or aquatic plant-dominated lakes.
Class 1I: A = existing water quality fair to excellent; may not be as sensitive to phosphorus
loading as Class I lakes
B = existing water quality poor to very poor; low sensitivity to increased phosphorus
loading
Ins = data inadequate or insufficient to assess trophic condition
D = stained, dystrophic lake, or aquatic plant-dominated lakes.

These classification groups are used to establish appropriate management recommendations and priorities.

Fish Mercury: Numerous Wisconsin lakes have fish with elevated levels of mercury. Fish consumption
advisories are issued semi-annually for lakes with fish mercury levels of 0.5 ppm or greater. Generally,
predator fish from soft water, poorly buffered, low pH lakes have the highest concentrations of mercury.

Groups:A.B  -determine adequacy of existing information and identify additional monitoring
needs to verify or expand existing information.
C -fish mercury monitoring recommended, priority based on public use.

Acid Deposition: This column identifies lakes highly susceptible to acid deposition. Monitoring is
recommended for lakes most susceptible and having inadequate water quality information.

NS = not sensitive.
NS+  =lakes with alkalinities of 3-5mg/L as CaCO3; moderate priority for monitoring
A = lakes most susceptible to acid deposition, recommend monitoring to confirm

Group A status; high priority

Monitoring: These columns identify existing or recommended monitoring:

SH = Self-Help Lake Monitoring Volunteer
LTTM = Long-Term Trend Monitoring Lake
Hg = Fish tissue mercury monitoring

AD = Acid deposition monitoring

TS = Trophic status monitoring

FEAS = Lake District Feasibility Study conducted in 1970s
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M = Inventory monitoring (update Surface Water Inventory)

The following letters in each column signify that monitoring is:

R =recommended X =completed C = currently being done
NR= not recommended

Comments: Additional information that was available for the lakes has been included in the comments
column. Abbreviations were used to conserve space as follows:

LMO = Lake Management Organization exists for this lake

FCA = Fish Consumption Advisory currently in effect (as of April 1991)

Mig Birds = Significant use/stop for waterfowl and migratory water birds

N = See the narrative section for this county for a more detailed description

NPS = Nonpoint source pollution impacts

ORW = Outstanding Resource Water

Rec = High quality recreational experience for listed activities: (eg. Rec: S, F, CA)

S - Swimming B - Boating

H - Hunting W - Waterfowling
F - Fishing CA - Camping

C - Canoeing

References: The reference material used to complete the table for each lake is indicated by a number. A
corresponding list of references is provided at the end of the lakes report after the watershed lake narratives.
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HOW TO USE THE STREAM WATERSHED TABLES

The following information will help you interpret the specific information included in the stream tables
for each watershed.

Name of Stream: All named streams and some unnamed streams are listed. Stream names are those found
on U.S. Geological Survey (USGS) quadrangle maps unless the Wisconsin Geographic Names Council
established a different name. Unnamed streams are identified by location of the stream mouth as indicated
by township, range, section and quarter-quarter section.

Length: Stream length is either the total length of the stream, or the starting and ending mile of the portion
of the stream described. The stream mile at the stream mouth is zero ("0") and increases as one moves
upstream.

Existing Use: This column indicates the existing biological use supported by the stream as defined in NR
102(04)(3) under fish and aquatic life uses. If the existing use is unknown, a blank space indicates the
existing use is unassessed. The following abbreviations for stream uses are used in the tables:

COLD; Cold Water Community; includes surface waters capable of supporting a community of
cold water fish and other aquatic life or serving as a spawning area for cold water fish species.

WWSF; Warm Water Sport Fish Communities; includes surface waters capable of supporting a
community of warm water sport fish or serving as a spawning area for warm water sport fish.

WWFF; Warm Water Forage Fish Communities; includes surface waters capable of supporting an
abundant diverse community of forage fish and other aquatic life.

LFF; Limited Forage Fishery (intermediate surface waters); includes surface waters of limited
capacity because of low flow, naturally poor water quality or poor habitat. These surface waters are
capable of supporting only a limited community of forage fish and aquatic life.

LAL; Limited Aquatic Life (marginal surface waters); includes surface waters severely limited
because of very low or intermittent flow and naturally poor water quality or poor habitat. These
surface waters are capable of supporting only a limited community of aquatic life.

DEF; Default; All streams not formally classified are assumed to meet the default federal Clean
Water Act goals of supporting aquatic life and recreational uses. The DEF classification is the same
as WWSEF.

The table also includes the "class" of trout streams based on "Wisconsin Trout Streams" [DNR Publ. 6-
3600(80)] and Outstanding/Exceptional Resource Waters, Wisconsin Administrative Code NR 102.10 and
NR 102.11.

Class | streams are high-quality streams where populations are sustained by natural reproduction.
Class Il streams have some natural reproduction but need stocking to maintain a desirable fishery.
Class Il streams sustain no natural reproduction and require annual stocking of legal-size fish for
sport fishing. The approximate length or portion of stream meeting each of the use classes is
indicated.
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Potential Use: This column indicates the biological use, and trout stream class a stream or stream segment
could achieve if it was well managed and pollution sources were controlled. In many cases potential use is
the same as the existing use classification. In other streams potential use may be higher than the existing use.
Abbreviations are the same as those used in the existing use columns. The sources of information are
indicated by footnotes on each table. The classification for trout streams came from "Wisconsin Trout
Streams" [DNR Publ. 6-3600(80)], Wisconsin Administrative Code NR 102.10 and NR 102.11 and the
professional judgments of area Fish Managers. If the potential biological use is unknown, a blank space
indicates the potential biological use is unassessed.

Supporting Potential Use: This column indicates whether a stream is threatened (THR), or is fully
(FULL), partially (PART), or not (NOT) meeting its potential biological use. An entry in any of the
columns indicates the relationship between actual stream use and potential use. For example, if the entire
length of a stream is listed under the "Fully" column, the stream has no problems which can be controlled.
When a portion or all of a stream length is listed under another heading, the stream is affected or threatened
by some manageable factor and the biological use of the stream can probably be improved. If use support is
unknown, a blank space indicates it is unassessed.

Codified Use (water quality standard designation): This column indicates the formal stream
classification of a particular stream. Streams considered to be formally classified are those listed in Adm.
Codes NR 102 and NR 104, all those referenced in Wisconsin Trout Streams, NR 102 and other formal
stream classifications which will be added to the codes upon the next revision. This column also indicates if
the stream is classified as an outstanding resource water (ORW) or an exceptional resource water (ERW) in
NR 102.10 and NR 102.11. All streams not formally classified assume the default federal clean water act
classification of FAL (full fish and aquatic waters).

Streams classified as Outstanding Resource Waters (ORW) or Exceptional Resource Waters (ERW) in
NR102.10 and NR 102.11 are:

Outstanding Resource Waters have the highest value as a resource, excellent water quality and
high quality fisheries. They do not receive wastewater discharges and point source discharges will
not be allowed in the future unless the quality of such a discharge meets or exceeds the quality in
the receiving water. This classification includes national and state wild and scenic rivers and the
highest quality Class I trout streams in the state.

Exceptional Resource Waters have excellent water quality and valued fisheries but already
receive wastewater discharges or may receive future discharges necessary to correct environmental
or public health problems. This classification includes about 1,400 trout stream segments not
classified as Outstanding Resource Waters.

Assessment Category/Monitored or Evaluated: It is important to detail what information was used to
derive a potential biological use designation and the degree to which a stream meets that potential use. If the
potential use decision was based upon site-specific data, then "M," for monitored, is entered. If the decision
is based on information other than site-specific data (citizen complaints, best professional judgment of a
biologist or fish manager) then "E," for evaluated, is entered. "Evaluated" includes decisions based on data
more than five years old.

Use Problems, Source/lmpact: This column indicates the probable sources of pollution in the stream and
the types of water quality problems present (impact). Some streams shown as fully meeting potential use
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may still show up in this column as having a use problem. When this occurs it may mean there is a problem
but it cannot be managed for some reason, or there is a potential threat to the use. These situations are
explained in the narrative or in the references.

Following is a key to the abbreviations in the watershed tables:
Source (cause of problem):
BDAM - Beaver dam
CM - Cranberry marsh
DCH - Ditched
DRDG - Dredging
GR.Pit - Gravel Pit Washing Operation
HM - Hydrologic modification
IRR - Irrigation
LF — Landfill
NMM - Non-metallic mining
NPS - Unspecified nonpoint sources
BY - Barnyard or exercise lot runoff
CL - Cropland erosion
CON - Construction site erosion
PSB - Stream bank pasturing
PWL - Woodlot pasturing
RS - Roadside erosion
SB - Stream bank erosion
URB - Urban storm water runoff
WD - Wind erosion
PSM - Point source, municipal treatment plant discharge
PSI - Point source, industrial discharge
SS - Storm sewer

Impact (effect or impact of source on a stream)
BAC - Bacteriological contamination
CL - Chlorine toxicity
DO - Dissolved oxygen
FAD - Fish advisory
FLOW - Stream flow fluctuations caused by unnatural conditions
HAB - Habitat (lack of cover, sedimentation, scouring, etc.)
HM - Heavy metal toxicity
MAC- Undesirable rooted aquatic plant (macrophyte) or algae growth
MIG - Fish migration interference
NH3 - Ammonia toxicity
NUT - Nutrient enrichment
ORG - Organic chemical toxicity or bioaccumulation
PCB - PCB bioaccumulation
pH - pH (fluctuations or extreme high or low)
PST - Pesticide/herbicide toxicity
SC - Sediment contamination
SED - Sedimentation
TEMP - Temperature (fluctuations or extreme high or low)
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TOX - General toxicity problems
TURB — Turbidity

References (Ref.) The numbers listed in this column are the references cited on the page below the table.
Please refer to the references section for the full citation.

Data Level: This indicates the type of data used for making the determinations listed in the table. Phy
means physical data (such as flow and habitat) were used; bio indicates biological data (such as fish and
macroinvertebrate surveys) were used, and chem means that chemical data (such as water samples) were
used. The numbers (1-4) indicate the level at which the data were collected. 1 indicates that visual
observations were used, but actual measurements were not taken. 2 means visual observations with some
simple assessments were conducted. For biological and chemical measurements, one simple
measurement, or examination of historical data were used. 3 means that some specific measurements
were taken at the study sites and at reference sites. Usually a single measurement was recorded,
sometimes two. 4 means a full assessment has been conducted using established procedures with strict
protocols. Biotic and habitat measurements are conducted using study and reference conditions. These
measurements are quantitative and collected over one or two season
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SAUK AND SUCKER CREEKS WATERSHED (SHO1)

INTRODUCTION

The Sauk and Sucker Creeks Watershed includes a small portion of Sheboygan County, but is
predominately in Ozaukee County. Sauk and Sucker Creeks flow southward entering into Lake Michigan in
and near Port Washington respectively. Within this watershed lie all of Port Washington and portions of the
villages of Fredonia, Belgium, and Cedar Grove. The watershed includes Harrington Beach State Park on
Lake Michigan. There are a total of 37 unnamed tributary streams flowing to the Sauk or Sucker Creeks or
directly to Lake Michigan within this subwatershed. All streams in the Sauk and Sucker Creeks Watershed
ultimately reach Lake Michigan. There are two named Lakes; Ludowissi Lake and Grasser Lake, and one
unnamed lake in the watershed. There are no impoundments in the watershed, but there is a remnant of an
old dam on Spring Creek (a tributary to Sauk Creek) in Port Washington.

Agriculture is the dominant land use in the Sauk and Sucker Creek Watershed; however, this is an
urbanizing watershed. Nonpoint source pollution and stream channelization are the primary causes of the
degraded water quality and habitat throughout the watershed. Construction site erosion and imperviousness
(e.g. roads, roofs, parking lots, etc.) are emerging threats to water quality as the watershed undergoes
urbanization. Overall water quality is fair to poor in both Sauk and Sucker Creeks. Stream channel
modifications and polluted runoff from agricultural activities contributes to the high concentration of
nutrient and suspended solids in the streams and severe siltation problems in the watershed. Large sediment
plumes into Lake Michigan are frequently observed at the mouths of Sucker and Sauk Creeks during spring
melt and heavy rains (Galarneau 1998).

Five wastewater treatment facilities discharge into the watershed; one into Sauk Creek in Port Washington
and four directly into Lake Michigan. A fly ash landfill is located at Druecker's Quarry along Sauk Creek
at, NE1/4, Sec.9, Town of Port Washington, in Ozaukee County.

STREAMS OF THE SAUK CREEK SUBWATERSHED

SAUK CREEK
T11N R22E Sec. 28 Stream Length = 15.9 miles WBIC =49500

Sauk Creek is the major waterway in this watershed and Ozaukee County. The stream flows south and
enters Lake Michigan in Port Washington. Sauk Creek originates within Ozaukee County just north of
Fredonia at T12N R21E Sec. 26, just west of STH 57. The convergence of three unofficially named
branches, hereby named for descriptive purposes as; Ludowissi Lake Branch, Hickory Grove Branch, and
Holy Cross Branch, make up the headwaters of Sauk Creek. The Ludowissi Lake Branch of Sauk Creek
originates from Ludowissi Lake (T12N R21E Sec. 1) and flows southerly 5.9 stream miles to the main
branch of Sauk Creek at T12N R22E Sec. 20. The Hickory Grove Branch of Sauk Creek originates north of
Hickory Grove Road at T12N R21E Sec. 12 and flows southerly 2.3 stream miles to a confluence with the
main branch of Sauk Creek at T12N R22E Sec. 19. The Holy Cross Branch of Sauk Creek originates south
of Holy Cross at T11N R22E Sec. 6 and flows north 3.6 miles to a confluence with Sauk Creek at T12N
R22E Sec. 20. All three headwater branches are confluent with the main branch of Sauk Creek withina 1.5
mile reach just south of CTH D near CTH B.
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Sauk Creek is classified as a Warm Water Sport Fish communities stream. A review of all historical fish
surveys identifies 26 species in Sauk Creek (Fago 1986). Trout and salmon from Lake Michigan are also
found in the stream during their seasonal spawning runs. The endangered striped shiner (Notropis
chrysocephalus), had been historically found here.

Fish Community, Habitat, and Water Quality

During 1994 and 1997, fish and macroinvertebrate surveys, habitat assessments and water quality
collections were collected in Sauk Creek. These data were reported in the 1999 Sheboygan River Basin
State of the Environment Report (WDNR 1999). During 1999 the fish and habitat assessments were
focused on the four branches of the stream that make up the headwaters of Sauk Creek. The three
headwater tributaries that feed the main branch are listed separetly below. The fish community
assessments and tolerance to pollution for each fish species found during recent surveys on the main stem
of Sauk Creek are summarized in Table 4. The Index of Biotic Integrity, Hilsenhoff Biotic Index and
habitat rating scores are shown in Table 5.

Table 4. Sauk Creek Fish Community Assessments 1995 - 1999.

Historical 1995 and 1999 Fish
Fish Species ToIeBrz::me1 'Ilrgll(::?Zr:Eelz CoI'I:eI(onns coteron
(Fago 1986) RM0.1 | RM116 | RM13.3
(1995) | (1995) (1999)
Large Scale Stonerollers Intolerant X
Blacknose Dace Intolerant Tolerant X X
Creek Chub Tolerant Tolerant X
Johnny Darter Tolerant X
Mottled Sculpin Intolerant Intolerant X X
Golden Shiner Tolerant Tolerant X
Emerald Shiner Tolerant X
Spotfin Shiner Tolerant X
Fathead Minnow Very Tolerant Tolerant X X X X
Longnose Dace Intolerant X X
White Sucker Tolerant Tolerant X X
Central Stoneroller Intolerant X X
Common Carp Very Tolerant Tolerant X
Brassy Minnow X X
Hornyhead Chub Intolerant X
Common Shiner Tolerant X
Green Sunfish Sport Tolerant X
Southern Redbelly Dace Intolerant X
Bluntnose Minnow Tolerant Tolerant X X X
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Historical 1995 and 1999 Fish
. . Ball Lyons IBI Fish Collections
FEDSpEas Tolerance' | Tolerance’ | Collections
(Fago 1986) RMO0.1 | RM116 | RM13.3
(1995) | (1995) (1999)
Brook Stickleback Tolerant X X X
Central Mudminnow Very Tolerant Tolerant X X X X
Black Bullhead Sport X
Pearl Dace Intolerant X X
Pumpkinseed Sport X
Largemouth Bass Sport X
Steelhead’ Sport
Brown Trout® Sport
Brook Trout® Sport Intolerant X
Northern Pike Sport
Striped Shiner
"Ball (1982)

?Lyons (1992)
* Lake Michigan run fish.

Table 5. Hilsenhof Biotic Index (HBI), and Index of Biotic Integrity (IBI) Results for Sauk Creek,
1994 - 1999.

HBI' IBI*
Sauk Creek Sample Site Avg. Score Water Quality Score | Water Quality
Rating Rating
Upstream of S. Wisconsin n/a n/a 32 Fair
Ave. at RM 0.1

1.1 miles upstream of Six 6.41 Fair 15 Very Poor

Mile Road at RM 11.6

(HBTin 1994 & IBI in

1995)
Downstream of Kay-K Road 7.51 Poor 31 Fair
at RM 13.3 (1999)

! Hilsenhoff Biotic Index (1987)

* Lyons (1992)

The macroinvertebrate community is comprised of taxa mainly tolerant to very tolerant of poor water
quality. Poor habitat, caused by high turbidity, low flow and excessive sedimentation of course substrate,
limits the macroinvertebrate community. Over the last twenty years, Sauk Creek in Port Washington has
become very wide and shallow. Fish habitat, water quality and stability of the stream banks have been
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significantly altered by urbanization in the area. During periods of low water, many sections are difficult for
trout and salmon to navigate. During 1994 and 1995 a plan was put in place by WDNR, local sports clubs,
city government and other entities to improve fish habitat, water quality and stabilize stream banks so that
salmonids could be stocked in the stream (Eggold 1998). The main project objectives were 1) increase the
carrying capacity of Sauk Creek; 2) improve the return of salmonids to Sauk Creek through improved
imprinting of smolts at time of stocking; 3) improve water quality; and 4) increase fishing opportunities in
Ozaukee County.

Sediment Quality

Sediment samples were collected in 1994 at three sites in Sauk Creek to obtain baseline sediment quality
data for Sauk Creek and to assess the potential sediment quality impacts from the fly ash landfill adjacent
Sauk Creek near Druecker's Quarry. The results for total PCBs for all sites came back less than detect at
<0.05 ug/g. The heavy metals selenium, boron, and cadmium were higher in Sauk Creek near the former
fly ash landfill. The levels are relatively low and not perceived to be at levels of concern based on the
toxicity information that we have for these constituents at this time. Consequently, Sauk Creek adjacent
the Druecker's Quarry does not require specific management activities (WDNR 1999).

SAUK CREEK TRIBUTARY STREAMS

LUDOWISSI LAKE BRANCH OF SAUK CREEK AT RM 11.6
T12N R22E Sec. 20 Stream Length = 5.1 miles WBIC =49700

This branch of Sauk Creek has been unofficially called the Ludowissi Lake branch by the biologist for
descriptive purposes (WDNR 1999). The Ludowissi Lake Branch of Sauk Creek originates from
Ludowissi Lake (T12N R21E Sec. 1) and flows southerly 5.5 stream miles to the main branch of Sauk
Creek at T12N R22E Sec. 20. In 1994 a macroinvertebrate sample was collected from this branch just
upstream of the confluence with the main branch south of CTH D. The biotic index (HBI) rating
indicated fair water quality at this site. A fish and habitat survey was conducted in 1999 upstream of
CTH D. The fish community assessments and tolerance to pollution for each fish species are summarized
in Table 6. The Index of Biotic Integrity, Hilsenhoff Biotic Index and habitat rating scores are shown in
Table 7.

The very headwaters of Sauk Creek in the Ludowissi branch originates in a large drain tile at Jay road just
cast of STH 57. The water then flows north behind a barnyard and pasture then easterly to a confluence
with the tributary from Ludowissi Lake. Cedar Valley Cheese is located at the southwest corner of Jay
Road and STH 57 in Ozaukee County, discharges irrigated waste high in chlorides across Jay Road to the
north, west of STH 57. In spring of 1998 water from the irrigated field was observed flowing from the
drain tile under STH 57 (easterly direction) to a farm swale between the manure storage facility and barn,
across the pasture to the headwaters of Sauk Creek. The water from the irrigated field was observed
entering the headwaters of Sauk Creek (Ludowissi branch) at TI2N R21E S1 NWSW (WDNR 1998).
Chlorides are toxic to freshwater aquatic organisms. In 1999 the large drain tile that the stream originates
from discharged organic rich sludge to the stream. Corrective actions were taken in late 1999 to stop the
source, flush the tile line, and remove sludge from the stream.

Macroinvertebrate samples were colleceted at two sites in 1999, one just below the stream reach with the
sludge and another 1.2 river miles downstream from there at CTH D. The HBI index, which is a measure
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of the degree of organic pollution rated the water quality poor at the first site (HBI score 8.27) and the
stream showed some improvement at the downstream site with a water quality rating of Fair (HBI score
6.06) upstream of CTH D. Diel (24 hour) dissolved oxygen concentrations were recorded for three days
in late July 1999 from the same two stream reaches. The dissolved oxygen (DO) concentration recorded
downstream of Jay Road below the drain tile and sludge shows very low DO concentartions at levels that
are prohibitive of most aquatic life (Figure 1). The DO concentrations recovered to more normal levels
within 1.2 miles downstream to Kay-K Road.

Figure 1. Diel Dissolved Oxygen Concentration in Ludowissi Branch Sauk Creek - 1999
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HOLY CROSS BRANCH OF SAUK CREEK AT RM 12.0
T12N R22E Sec. 20 NWSW Stream Length = 3.6 miles WBIC = 49900

This branch of Sauk Creek has been unofficially called the Holy Cross branch for descriptive purposes.
The Holy Cross branch of Sauk Creek originates south of the Town of Holy Cross and flows north 3.6
miles to a confluence with the main branch of Sauk Creek at T12N R22E Sec. 20. A fish and habitat

30



Water Resources of the Sheboygan River Basin

survey was conducted in 1999 upstream of CTH D. The fish community assessments and tolerance to
pollution for each fish species are summarized in Table 6. The Index of Biotic Integrity, Hilsenhoff Biotic
Index and habitat rating scores are shown in Table 7.

HICKORY GROVE BRANCH OF SAUK CREEK AT RM 13.1
T12N R22E Sec. 19 NWNE Stream Length = 2.3 miles WBIC = 50000

This branch of Sauk Creek has been unofficially called the Hickory Grove branch for descriptive
purposes. The Hickory Grove Branch of Sauk Creek originates north of Hickory Grove Road at T12N
R21E Sec. 12 and flows southerly 2.3 stream miles to a confluence with the main branch of Sauk Creek at
T12N R22E Sec. 19. In December 1999 the water quality biologist observed a white liquid in the stream
at Kay-K Road. The discharge was traced to a draintile that was determined to be connected to a
milkhouse. The connection has since been corrected and no longer discharges to the stream.

A fish and habitat survey was conducted in 1999 upstream of CTH D. The fish community assessments
and tolerance to pollution for each fish species are summarized in Table 6. The Index of Biotic Integrity,
and Hilsenhoff Biotic Index rating scores are shown in Table 7.

Table 6. Ludowissi, Holy Cross, and Hickory Grove Branches of Sauk Creek Fish Community
Assessments - 1999.

. Hickory Grove
. . Ball Lyons IBI Ludowissi Holy Cross Brgnch
Fish Species 1 2 B h B hu
Tolerance™ | Tolerance ranc ranch Upstream
Downstream of
Upstream of of CTHD CTHD
CTHD

Blacknose Dace Intolerant Tolerant X
Creek Chub Tolerant Tolerant X X X
Johnny Darter Tolerant X X X
Fathead Minnow Very Tolerant Tolerant X X X
White Sucker Tolerant Tolerant X X X
Central Stoneroller Intolerant X X X
Southern Redbelly Dace Intolerant X X X
Bluntnose Minnow Tolerant Tolerant X X X
Brook Stickleback Tolerant X X X
Largemouth Bass Sport X
Central Mudminnow Very Tolerant Tolerant X X
Pearl Dace Intolerant
'Ball (1982)

?Lyons (1992)
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Table 7. Hilsenhoff Biotic Index (HBI), Index of Biotic Integrity (1BI) and Habitat Quality Results
for Ludowissi Branch, Holy Cross Branch and Hickory Grove Branch Sauk Creek from 1999
assessments.

HBI1' IBI?
Fish and Habitat SITE . .
Score Water Quality Score Water Quality
Rating Rating

Ludowissi Branch 6.06 Fair 15 Very Poor

Holy Cross Branch 7.58 Poor 24 Poor
Hickory Grove Branch 7.00 Fairly Poor 19 Very Poor

! Hilsenhoff Biotic Index (1987)

? Lyons (1992)

UNNAMED TRIBUTARY TO SAUK CREEK AT RM 0.04 (SPRING CREEK)
TI11N R22E Sec. 28 Stream Length = 1.4 miles

The unofficial local name for this stream is Spring Creek. This is a small perennial stream that drains the
south and southwest side of Port Washington including the industrial park area. The outlet of the stream
on the Wisconsin Electric Power Company property has been channelized and is lined with gabions to
stabilize the stream banks. The stream is confluent with Sauk Creek just upstream of the mouth of Sauk
Creek at the Port Washington harbor.

Fish and habitat assessments were done in 1999 at two sites on Spring Creek in Port Washington. A
previously unknown dam was found at river mile (0.6) adjacent to the Trak Company parking lot. The
dam appears to have failed a long time ago and does not impound any water; however, the remaining
structure is a barrier to fish migration and Lake Michigan run fish cannot pass this site. The fish survey
sites in 1999 were above and below the dam (downstream of South Park Street and adjacent Oakland
Ave. Park respectively: Table 8). Trout and salmon from Lake Michigan are also found in the stream
during their seasonal spawning runs and may provide some angling opportunities in pools although access
is difficult due to steep stream banks. Lake Michigan run fish cannot pass the dam structure in the
stream. The Index of Biotic Integrity, and Hilsenhoff Biotic Index rating scores are shown in Table 9.

Table 8. Spring Creek fish community assessment, 1999.

, , Ball Lyons IBI : Spring Creek
Fish Species 1 y 2 Spring Creek downstream of South
Tolerance Tolerance di kland
adjacent Oaklan Park Street
Ave. Park ark stree
Blacknose Dace Intolerant Tolerant X
Creek Chub Tolerant Tolerant X
Fathead Minnow Very Tolerant Tolerant X
White Sucker Tolerant Tolerant X
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: q Ball Lyons IBI : Spring Creek
Fish Species 1 y 2 Spring Creek downstream of South
Tolerance Tolerance di Oakland
adjacent Oaklan
Park Street
Ave. Park

Brook Stickleback Tolerant X X
Pumpkinseed Sport X X
Central Mudminnow Very Tolerant Tolerant X X

Green Sunfish Sport X

"' Ball (1982)

?Lyons (1992)

Table 9. Hilsenhoff Biotic Index (HBI), Index of Biotic Integrity (1BI) and Habitat Quality Results
for Spring Creek from the 1999 assessments.

HBI' IBI?
Spring Creek Sample Site . .
pring P Avg. Score Water Quality Score Water Quality
Rating Rating

Adjacent Oakland Ave. Park 4.87 Good * *
Downstream of S. Park Street 5.23 Good 20 Poor

! Hilsenhoff Biotic Index (1987)

? Lyons (1992)

* The average stream width for this fish community assessment site is below the current IBI model calibration.
DNR Research is currently developing an IBI for samll streams and these data will be evaluated using that method

when it becomes available.

Land use adjacent to the lower reaches of this stream is primarily industrial. A former Murphy (Spur)
Gasoline Tank Farm is located adjacent to one of the branches of this stream. A water quality survey in
1982 identified potentially contaminated leachate from the site reaching the stream. A sediment sample
was collected from the stream on June 25, 1998 in a depositional area just downstream from the former
gas tank site (40 ft. upstream of S. Park St.). The concentrations of metals, PAHs, and PCBs are
consistent with the concentrations observed in urban streams (Table 10).

Table 10. Sediment Screening Results for Spring Creek, 1998.

Parameters Sample Site

40 ft. upstream of S. Park Street

Total Organic Carbon (ug/g) 15,100
PCB:s (total) (ng/g) 0.05
PAHs (ng/g) 3,400
Metals (mg/kg) Cadmium No detect
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Parameters

Sample Site

40 ft. upstream of S. Park Street

13

11

9

11

0.02

Zinc

60

UNNAMED TRIBUTARY TO SAUK CREEK AT RM 0.7
T11N R22E Sec. 28 Stream Length = 1.5 miles

This small tributary stream is located on the northwest side of Port Washington in what is referred to
locally as the Mallinger property. The stream is adversely impacted by nonpoint source runoff from
agricultural activities in the headwater reaches resulting in sedimentation of the substrate. Springs are
present in a wetland that contributes a portion of the stream flow. The stream has been enclosed under

Spring Street and remains in a culvert until it passes under the Chicago and Northwestern Railroad tracks

east of Spring Street. The stream then flows in an open channel under CTH KK east to Sauk Creek.

A residential subdivision is currently planned and being constructed along this stream. The impact of the
subdivision to the wetlands, small tributary stream and ultimately Sauk Creek will be determined by the

adequacy of the construction site erosion practices during construction, and long term maintenance of

stream bank buffers, and stormwater runoff management for water quantity and quality.
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SUCKER CREEK SUBWATERSHED STREAMS

SUCKER CREEK
T11N R22E Sec. 14 NWSE Stream Length = 10 miles WBIC =50100

Sucker Creek is the second largest stream in this watershed and originates just in Sheboygan County just
north of the Ozaukee County line. Sucker Creek flows south (into Ozaukee County) along the 143
corridor past Lake Church, entering Lake Michigan north of the City of Port Washington. Fourteen
species of fish, primarily consisting of forage fish species have been historically collected in Sauk Creek
(Fago 1986). Trout and salmon from Lake Michigan are also found in the stream during their seasonal
spawning runs. Recent fish and habitat surveys were conducted in Sucker Creek during the summers of
1994 and 1999 (Table 11).

Table 11. Sucker Creek Fish Community Assessments, 1995 and 1999.

Fish Species Ball Tolerance* Lo IBIZ Hgt)c::’(!,z?iloﬁ?h IDIj)vl\insltDre_am el . .
Tolerance ake Drive at River mile 0.7
(Fago 1985) River Mile 2.0

Blacknose Dace Intolerant Tolerant X X
Creek Chub Tolerant Tolerant X X
Johnny Darter Tolerant X X
Fathead Minnow Very Tolerant Tolerant X X
Longnose Dace Intolerant X X
White Sucker Tolerant Tolerant X X
Central Stoneroller Intolerant X X
Common Carp Very Tolerant Tolerant X
Brassy Minnow X
Bluntnose Minnow Tolerant Tolerant X
Brook Stickleback Tolerant X X
Southern Redbelly Dace Intolerant X
Common Shiner X
Pumpkinseed Sport X
Green Sunfish Sport X
Bluegill Sport X
Black Bullhead Sport
Slimy Sculpin Intolerant Intolerant X
Fantail Darter Intolerant X

'Ball (1982)

?Lyons (1992)
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Habitat quality, HBI and IBI data were also collected for Sucker Creek (Table 12). Water quality and
habitat rankings ranged from fair to poor.

Table 12. Hilsenhoff Biotic Index (HBI) and Index of Biotic Integrity (IBI) for Sucker Creek, 1995
and 1999.

HBI' IBI?
Sucker Creek Sample Sites . .
P Avg. Score Water Quality Score Water Quality
Rating Rating
At River Mile 2.0 7.53 Poor 22 Poor
At River Mile 0.7 6.05 Fair 30 Fair
! Hilsenhoff Biotic Index (1987)
? Lyons (1992)

SUCKER CREEK TRIBUTARY STREAMS

We have no current water quality information about these streams. Please refer to the watershed table at
the end of this chapter for information regarding stream location and length.

LAKE MICHIGAN TRIBUTARY STREAMS

UNNAMED TRIBUTARY TO LAKE MICHIGAN AT LM 66.3
T10N R22E Sec. 10. Stream Length = 0.9

This stream enters Lake Michigan south of Port Washington and is entirely on the lake side of CTH C.
No information is available for this tributary.

PORT WASHINGTON HARBOR AT LM 69.2
TI1IN R22E Sec. 28

The city of Port Washington Harbor is a popular fishing location and marina for Lake Michigan.
Seasonal fishing for perch, trout, salmon and smelt reslult in the nearly continuous presence of anglers.
Fishing access is available in the marina and along the marina boardwalk. The chain link fence that
separates the marina boardwalk from a public walkway is scheduled for removal this year and will
improve access and aesthetics. Care should be taken during the construction of the marina and
boardwalks to maintain adequate construction site erosion control practices.

Zebra mussels and other exotic species are present in all Lake Michigan harbors, so boaters are reminded
to follow the precautions that are posted at the harbor to help prevent the spread of harmful exotic plants
and animals.

UNNAMED TRIBUTARY TO LAKE MICHIGAN AT LM 69.7
T11N R22E Sec. 28 Stream Length = 2.8 miles
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This small stream, locally called Valley Creek, originates on the northeast side of the City of Port
Washington and flows south through the city along the bike path. The stream is then enclosed under a
parking lot connected to Lake Drive, and flows through Lake Park to its outlet in Lake Michigan. Valley
Creek is very flashy due to the topography and substantial existing stormwater runoff from curb and
gutter direct conveyance to the stream. Excessive sedimentation and eroded, bare stream banks are
common. The approximately 1500 ft. parking lot enclosure creates a barrier to fish passage between the
lake and the stream. This stream is part of an environmental corridor through the City of Port
Washington.

Residential development is occurring in the headwaters of this stream. The water quality of this small
tributary stream will be determined by the effects of subdivision construction and the adequacy of the
construction site erosion control practices and long term maintenance of stream bank buffers. Of
particular importance for the health of this stream will be stormwater runoff management for water
quality and quantity. No biological information is available for this tributary.

UNNAMED TRIBUTARY TO LAKE MICHIGAN AT LM 81.2
T12N R23E Sec. 6 Stream Length = 0.9 miles

This is the northern smallest tributary stream flowing to Lake Michigan within Ozaukee County. Eight
small tributaries enter the lake within a two mile reach extending south of this stream. No information is
available for this tributary.

UNNAMED TRIBUTARY TO LAKE MICHIGAN AT LM 82.1
TI13N R233 E Sec. 31 Stream Length = 1.0 miles

This is the northern most Lake Michigan Tributary stream in the Sauk / Sucker Creeks Watershed and is
the only one from this watershed in Sheboygan County. No information is available for this tributary.

LAKES OF THE SAUK AND SUCKER CREEK WATERSHEDS

LUDOWSISSI LAKE

T12N R21E Sec. 1, Ozaukee County

Surface Acres = 10.7, S.D.F. = 1.18, Maximum Depth = 25 feet.

This is a small, moderately deep seepage lake contained within a terminal moraine of red glacial till. This
lake is in the headwaters of Sauk Creek, the Ludowissi Lake Branch of Sauk Creek. No recent
information is available for this lake.

GRASSER (DECADA) LAKE

T13N R13N R22E Sec. 31, Sheboygan County
Surface Acres = 9.2, S.D.F. = 1.22, Maximum Depth = 33 feet

This is a small, moderately deep lake in the end moraine of the south central portion of the county. No
recent information is available for this lake.

UNNAMED LAKE
T12N R23E Sec. 19, Ozaukee County

37



Water Resources of the Sheboygan River Basin

Surface Acres = 23.0, S.D.F. = 1.02, Maximum Depth = 47 feet

This is a small deep lake formed by dolomite quarrying. No recent information is available for this lake.
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Table 13. Streams of the Sauk and Sucker Creeks Watershed.

Stream Name/Location

(T, R, Sec., QQ, Q)

WBIC

Length

Biological Use

Existing Potential

Codified

Supp.

Assess.
Category

Use Impairments

Source

Impact

Ref.

Data Level

Sauk Creek
(T11N R22E Sec.28 SWSE)

49500

15.9

WWSF WWSF

DEF

PART

NPS, HM, URB,
CON, LF, DCH

FLOW, TURB,
SED

Unnamed Tributary to Sauk
Creek at RM 0.04
(T11N R22E Sec. 28 SWSE)

49600

1.4

WWEFF WWEFF

DEF

PART

CON, HM,
URB,LF,SB, RS

FLOW, HAB,
SED

Unnamed Tributary to Sauk
Creek at RM 0.7
(T11IN R22E Sec. 28 NWW)

15

LFF LFF

DEF

PART

NPS, CON, CL,
URB, HM

FLOW, SED,
HAB, MIG

Unnamed Tributary to Sauk
Creek at RM 3.1
(T11N R22E Sec.16
NWSW)

0.5

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
Creek at RM 6.2

0.5

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
Creek at RM 6.3

0.8

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
CreekatRM 7.1

0.4

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
Creekat RM 7.9

1.6

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
Creek at RM 9.3

0.4

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
Creek at RM 11.6
(Ludowissi Lake Branch)
(T12N R22E Sec. 20
NWNW)

49700

51

WWFF WWFF

DEF

PART

NPS, HM, BY,
PSB, CL, IRR, PSI,
CON

FLOW, NUT,
SED, CL, MIG

Unnamed Tributary to
Ludowissi Lake Branch
Sauk Creek at RM 4.9

0.6

UNK UNK

DEF

UNK

Unnamed Tributary to Sauk
Creek at RM 12.0
(Holy Cross Branch)
(T12N R22E Sec. 20
SWNW)

49900

3.6

WWFF WWFF

DEF

PART

NPS, HM, BY, CL

FLOW, NUT,
SED

Unnamed Tributary to Holy
Cross Branch Sauk Creek at

1.9

UNK UNK

DEF

UNK
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; Biological Use Assess. Use Impairments
Stz_?_anF: l\;rcneg_gcagl)on WBIC | Length Codified | Supp. | Category Ref. |Data Level
T e Existing | Potential Source Impact
RM 1.2
Unnamed Tributary to Sauk
Creek at RM 13.1 FLOW. NUT
(Hickory Grove Branch) 50000 2.3 WWFF WWFF DEF |PART M NPS, HM, BY, CL SE’D ’ 3
(T12N R22E Sec. 19
NENW)
Unnamed Tributary to
Hickory Grove Branch Sauk 1.1 UNK UNK DEF UNK
CreekatRM 1.1
Unnamed Tributary to
Hickory Grove Branch Sauk 0.8 UNK UNK DEF UNK
Creek at RM 1.7
SUCKER CREEK SUBWATERSHED STREAMS
Sucker Creek NPS, HM, DCH, FLOW, SED,
T11N R22E Sec. 14 SWNW 50100 | 10.0 WWSF WWSF DEF | PART M CON, CL, RS NUT, 4
Unnamed Tributary to
Sucker Creek at RM 0.3 0.7 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 1.0 1.2 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 2.0 L1 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 3.0 0.5 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 3.3 0.7 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 3.7 0.5 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 5.9 0.5 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 7.0 0.7 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 8.4 1.0 UNK UNK DEF UNK
Unnamed Tributary to
Sucker Creek at RM 9.1 0.6 UNK UNK DEF UNK
Unnamed Tributary to 06 UNK UNK DEE UNK

Sucker Creek at RM 9.7
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; Biological Use Assess. Use Impairments
St (NEIme! e R o WBIC | Length Codified | Supp. | Category Ref. |Data Level
(T, R, Sec., QQ, Q) . -
Existing Potential Source Impact
Unnamed Tributary to 0.8 UNK UNK DEF UNK

Sucker Creek at RM 9.9

LAKE MICHIGAN TRIBUTARY STREAMS IN THE SAUK & SUCKER CREEKS WATERSHED

Unnamed Tributary to Lake
Michigan at LM 66.3 0.9 UNK UNK DEF UNK
T10N R22E Sec.10

Unnamed Tributary to Lake
Michigan at LM 69.7 NPS, CON, HM, FLOW, HAB,

(Valley Creek) 28 WWFF WWFF DEF | PART E DCH, RS, URB, SS| MIG, NUT, SED

T11N R22E Sec.28

Unnamed Tributary to Lake

Michigan at LM 71.6 0.8 UNK UNK DEF | UNK
“”“J{Qheig;;fg‘t“fg;g;ake 1.4 UNK UNK DEF | UNK
Unnﬁgﬁic;;gjﬁ\rﬂyégbake 0.8 UNK UNK DEF | UNK
”””J{‘Sﬁii,lé'iﬁtf‘&yé‘ééake 0.8 UNK UNK DEF | UNK
Unnﬁ{gﬁig;:gl;myéggake 0.9 UNK UNK DEF | UNK
Unnamed Tributary to Lake 0.7 UNK UNK DEF UNK

Michigan at LM 81.0

Unnamed Tributary to Lake
Michigan at LM 81.2 0.9 UNK UNK DEF UNK
T12N R23E Sec.6

Unnamed Tributary to Lake

Michigan at LM 82.1 1.0 UNK UNK DEF UNK
T13N R23E Sec.31
TOTALS 70.5

(1) Trout streams as defined in Wisconsin Trout Streams (1980) but not listed in NR 102. These streams may be classified as trout streams under 1.02(7) since publication
of Wisconsin Trout Streams (1980), but are not formally classified as trout waters. These streams will be added to NR 102 and/or NR 104 during code revision.
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BLACK RIVER WATERSHED (SHO02)

INTRODUCTION

The Black River watershed is entirely within Sheboygan County and encompasses most of the Village of
Cedar Grove, all of the Village of Oostburg, and the southern portion of the City of Sheboygan. There are
three named streams; Black River, Fisherman’s Creek, Barr Creek, and 32 unnamed streams in the Black
River watershed. There are no lakes or impoundments in this watershed.

The Black River Watershed is characterized primarily as natural lowlands with adjacent agricultural
areas. Fisherman’s Creek, which flows through the southern portion of Sheboygan, is primarily urban.
The wastewater treatment facilities in the watershed include: two that discharge to the Black River, three
that discharge to Barr Creek, two that discharge to Lake Michigan and one to Fisherman’s Creek.

Notable are the facilities in the villages of Oostburg and Cedar Grove, which are significant dischargers to
the Black River and Barr Creek respectively (WDNR 1988, WDNR 1995). Rural and urban nonpoint
source pollution, point sources, channel modification, construction site erosion, and increased
imperviousness contribute to flashy flows, increased nutrients, bacteria, and sedimentation. The overall
water quality in this watershed is fair to poor.

WATER RESOURCES OF THE BLACK RIVER WATERSHED

BLACK RIVER AT LM 93.8 - OVERVIEW
T14N R23E Sec. 2 SENE Stream Length =11.4 WBIC = 50300

The Black River is the major waterway in this watershed. The Black River originates near the Village of
Oostburg and flows west then north through Kohler-Andrae State Park along Lake Michigan before
emptying into Lake Michigan in the City of Sheboygan. The river’s average gradient drops 8.5 feet per
mile in its 11.4 mile length. The primary land use in this watershed is natural lowlands with adjacent
agricultural lands. Residential areas surround the river’s very upper and lower reaches. The Oostburg
Wastewater Treatment Plant is a permitted point source discharger to the upper reaches of the Black
River.

BLACK RIVER, SEGMENT 1 (RM 0-1.6)

This reach of the Black River, extending upstream from the mouth to Indian Mound Road has poor to fair
water quality. This segment of the river is primarily composed of low-flow wetlands, dominated by the
introduced plant pest, purple loosestrife. The purple loosestrife severely out-competes native vegetation
in the wetlands (Katsma, 1998). The Jerving Conservancy, located at the estuary with Lake Michigan,
was once a highly valued bird migratory bird site, but is now being severely degraded by the overgrowth
of purple loosestrife. The macroinvertebrate community has many tolerant taxa that are limited by poor
habitat. Streambed sedimentation contributed by upstream sources of polluted runoff is moderate. Fish
diversity is poor, but provides seasonal fishing opportunities during the spawning runs of smelt, trout and
salmon.

BLACK RIVER, SEGMENT 2 (RM 1.6-11.0)

This reach extends from Indian Mound Road through the length of Kohler-Andrae State Park to the
headwaters in Oostburg. Water quality is poor, with polluted runoff causing excessive sedimentation. As
a result, habitat for fish, macroinvertebrates and periphyton is poor. The headwaters area receives
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wastewater from the Oostburg sewage treatment plant. The historical stream classification for the Black
River split the stream into two segments. The upper 9.4 river miles was classified as limited aquatic life
and the lower 1.6 river miles as limited forage fish (the recent stream classification eliminates this
segmentation WDNR 1995). A review of historical fish surveys identifies 20 species in the Black River
(Fago 1985). Trout and salmon (coho salmon, chinook salmon, rainbow trout, brook trout) from Lake
Michigan are also found in the stream during their seasonal spawning runs.

WDNR personnel conducted fish surveys in 1994, 1999 and 2000 on the Black River. Only three species
(two tolerant, one very tolerant according to Ball 1982) were collected from the Black River in 1994
compared with the 20 species collected in the past (Table 14). WDNR personnel recently conducted fish
surveys on the Black River in 1999, upstream of Indian Mound Road (river mile 1.6) and in 2000,
downstream of CTH KK (Table 14). Stream habitat and available fish cover in these two areas of the
Black River was rated as fair (Table 15). Bottom substrate primarily consists of sand and the riparian
buffer is mainly wetlands and woodlands. Agricultural and residencial land use in the watershed
contributes to poor water quality conditions.

Table 14. Black River Fish Community Assessments.

Fish Species Ball Lyons IBI Historical [ Upstream of | Upstream of | Downstream Upstream of
Tolerance' | Tolerance? Fish Minderhaud | cTH KK of CTH KK [ Indian Mound
CoI'I:ectlons Rd. at RM 7.7 AtRM 75 | RoadatRM 1.8
(Fago) atRM 100 | gi0/1994 7/12/2000 8/16/1999
8/9/1994
Black Bullhead Sport X X
Black Crappie Sport X
Bluegill Sport X
Bluntnose Tolerant Tolerant X
Minnow
Brassy Minnow X
Brook Tolerant X X X
Stickleback
Brook Trout Sport Intolerant
Brown Bullhead Sport
Central Very Tolerant X X X X X
Mudminnow Tolerant
Chinook Salmon
Coho Salmon Sport
Common Carp Very Tolerant
Tolerant
Creek Chub Tolerant Tolerant X
Fathead Minnow Very Tolerant X X
Tolerant
Golden Shiner Tolerant Tolerant X X
Green Sunfish Sport Tolerant X X
Johnny Darter Tolerant X
Largemouth Bass Sport X X
Mirror Carp- Very Tolerant X
(Carp

Black River Watershed 44



Water Resources of the Sheboygan River Basin

Fish Species Ball Lyons IBI Historical | Upstream of | Upstream of | Downstream Upstream of
Tolerance' | Tolerance? Fish Minderhaud | cTH KK of CTH KK [ Indian Mound
Collections Rd. at RM 7.7 AtRM 7.5 | RoadatRM 1.8
(Fago) atRM10.0 | gi911994 7/12/2000 8/16/1999
8/9/1994

Subspecies) Tolerant

Northern Pike Sport X

Pumpkinseed Sport

Rainbow Trout Sport

Rock Bass Sport Intolerant

White Sucker Tolerant Tolerant X X X X

Yellow Bullhead Tolerant

Yellow Perch Sport X

"Ball (1982)  *Lyons (1992)

Table 15. Hilsenhoff Biotic Index (HBI) and Index of Biotic Integrity (IBI) for the Black River,
1994, 1999 and 2000.

HBI1' IBI?
Black River Sample Sites . .
P Avg. Score Water Quality Score Water Quality
Rating Rating

At River Mile 10.0 12 Very Poor
At River Mile 7.7 6.29 Fair 20 Poor
At River Mile 7.5 n/a 16 Poor
At River Mile 1.8 5.69 Fair 35 Fair

! Hilsenhoff Biotic Index (1987)

? Lyons (1992)

Sediment Quality

A sediment sample was collected in 1994, at a site between CTH A and the Oostburg WWTP outfall in
the headwaters of the Black River as part of the Sheboygan River Basin Sediment Survey. The results for
total PCBs were consistent with what the Department finds at control sites as a result of atmospheric
deposition (0.05 ug/g). The PAHs, (acenaphthene, acenaphthylene, anthracene, benzo (A) anthracene,
benzo (B) fluoranthene, benzo (K) fluoranthene, benzo (GHI) perylene, benzo (A) pyrene, benzo (E)
pyrene, chrysene, dibenzo (A,H) anthracene, fluoranthene, fluorene, indeno (1,2,3-CD) pyrene, perylene,
phenanthrene, and pyrene) came back as no detect (<160 ng/g). The metals data show values for
cadmium, chromium, copper, lead, mercury, nickel and zinc consistent with the concentrations observed
in urban impacted streams and do not require specific management activities at this time (WDNR 1999).
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BLACK RIVER TRIBUTARY STREAMS

FISHERMAN’S CREEK TRIBUTARY TO BLACK RIVER AT RM 0.3
T14N R23E Sec. 2 SESW Stream Length = 2.1 WBIC = 50400

This creek is a 2.1-mile-long tributary of the Black River, originating in the City of Sheboygan and
joining the Black River three tenths of a mile upstream of Lake Michigan. Urban land use dominates the
downstream half of the stream, while industry and urban development in conjunction with limited
agricultural uses are in the upstream portion. Urban stormwater runoff from the City of Sheboygan
discharges into the creek. In addition, the stream receives leachate from the old town of Wilson landfill
site as well as runoff via a small unnamed tributary through a fly ash tailings pond operated by the
Edgewater Power Plant. Other potential impacts to water quality are the thermal discharge from Thomas
Industries which may be impacting aquatic organisms in the upper reaches of Fisherman’s Creek and
runoff from the former Conoco Refinery property (WDNR 1988, 1995).

Wetlands at the headwaters of Fisherman’s Creek were filled for industrial development. The creek was
dredged and rerouted in 1991 to abate flooding problems caused by the loss of those wetlands.
Channelized reaches with impervious surfaces within the creek still contribute to flooding downstream of
the industrial parks. The results are severe streambank erosion and flooding, particularly in the lower
reaches. A large-scale fish kill occurred in the summer of 1992, resulting from a fire-controlled spill at
E&K Hazardous Waste Services. The fish died due to high biological oxygen demand. Fisherman’s
Creek is classified as a Warm Water Forage Fish community stream. Fish community assessments were
conducted in Fisherman’s Creek in 1985 and during the 1994 basin monitoring (Table 19). Fourteen fish
species were identified in Fisherman’s Creek during fish community assessments conducted during 1994
(Table 19). The brook trout we collected in 1994 is not a resident of Fisherman’s Creek, but it along with
other species of trout and salmon resident to Lake Michigan, migrate into Fisherman’s Creek on a
seasonal basis. Due to natural limiting conditions (i.e. warm water temperatures), trout and salmon are
not capable of reproducing in Fisherman’s Creek.

Table 16. Fisherman’s Creek Fish Community Assessment

Fish Species Ball Tolerance' _Ifézrr];r:?elz V\}Ig?\&ISR é(?lglgcfiljgs
Files

Central Mudminnow Very Tolerant Tolerant X X
White Sucker Tolerant Tolerant X X
Brook Stickleback Tolerant X X
Creek Chub Tolerant Tolerant X X
Green Sunfish Sport Fish Tolerant X X
Fathead Minnow Very Tolerant Tolerant X
Johnny Darter Tolerant X
Common Shiner Tolerant X X
Bluntnose Minnow Tolerant Tolerant X X
Bullhead Minnow Tolerant X
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Fish Species Ball Tolerance' 'Ilrgl(::rr]z\r:?elz V\}Igtla\&ISR égﬁgczﬁgs
Files
Sand Shiner Tolerant X
Hornyhead Chub Intolerant X
Common Carp Very Tolerant Tolerant X
Rainbow Trout Sport Fish X
Brown Trout Sport Fish X
Golden Shiner Tolerant Tolerant X
Brook Trout Sport Fish Intolerant X X
Longnose Dace Intolerant X
Bluegill Sport Fish X

'Ball (1982)  ?Lyons (1992)

A fish survey conducted in the headwaters of Fisherman’s Creek didn’t find any fish upstream of the
Indian Meadows Trailer Park’s stormwater detention pond outlet upstream to the railroad tracks. The
lack of fish in this reach is likely caused by a combination of poor habitat caused by stream modifications,
riprap from the stormwater pond outlet structure washed into the stream blocking stream flow, and
thermal stresses.

Habitat assessments were conducted as part of the three recent fish collections using the Fish Habitat
Rating (FHR) (Simonson et al. 1994) and the Stream System Habitat Rating (SSHR) (Ball 1982)
protocols. The macroinvertebrate community was sampled at four sites on Fisherman’s Creek and was
comprised of taxa mainly tolerant to very tolerant of poor water quality. Poor habitat caused by flashy
flows, high turbidity, and excessive sedimentation of course substrate, limits the macroinvertebrate
community. Table 17 summarizes the biotic indices and habitat ratings.

Table 17. Hilsenhoff Biotic Index (HBI), Index of Biotic Integrity (IBI) and Habitat Quality results
for Fishermans Creek, 1994,

HBI® IBI® Habitat
. Biotic 3 ; 4
t ITE Ball tal.
Stream S Avg. Water Quallty ST Integrity a Simonson et al
Score Rating Ratin
ating Score Rating | Score | Rating
Fisherman’s In Indian 6.88 Fairly Poor 11 Very 238 Poor 20 Poor
Creek Meadows Poor
Mobile
Home Park
Downstream | 7.29 Fairly Poor 4 Very 182 Fair 45 Fair
of CTH OK Poor
Upstream of | 6.63 Fairly Poor 29 Poor 154 Fair 47 Fair
CTH KK
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Downstream | 6.38 Fair
of CTH KK
"Hilsenhoff Biotic Index (1987) *Lyons (1992)  ° Ball (1982) * Simonson et al. (1994)

Sediment Quality

Sediment samples were collected in 1994 at two sites in Fisherman’s Creek and one site on an unnamed
tributary to Fisherman’s Creek (at river mile 0.3). Baseline sediment quality data for Fisherman’s Creek
were collected to assess the potential sediment quality impacts from the fly ash landfill on an unnamed
tributary to Fisherman’s Creek.

Total PCBs for all sites came back less than detect at <0.05 ug/g, and nine PAH compounds were
observed in the sample collected in the headwaters of Fisherman’s Creek (WDNR 1999). The source of
the PAH contamination is unknown, but is probably from the former Conoco Refinery Property upstream
from this site. Heavy metals show an increase in concentration from upstream to downstream consistent
with increased urban runoff. The metals concentrations in Fisherman’s Creek are consistent with urban
environments and not perceived to be at levels of concern based on the toxicity information that we have
for these constituents at this time. Consequently, Fisherman’s Creek does not require specific
management activities at this time.

However, a number of the metals tested from the unnamed tributary to Fisherman’s Creek (at RM 0.3)
from the Edgewater Power Plant fly ash landfill were higher than in Fisherman’s Creek just upstream
from the confluence of the streams. The concentration of boron in the sediment sample was 150 mg/kg,
which was an order of magnitude higher than the sample from Fisherman Creek. Boron is an essential
trace element and is required for plant and animal growth, but is toxic when present in excessive amounts.
Boron is highly mobile in soils; hence, the observation of elevated levels of boron is indicative of landfill
leachate contamination (McGinley and Kmet 1984). The impact of the contaminated sediment from the
tributary to Fisherman’s Creek is not known at this time.

UNNAMED TRIBUTARY TO FISHERMAN’S CREEK AT RM 0.3
T14N R23E Sec. 2 Stream Length = 0.8

This stream flows from the Edgewater Power Plant fly ash landfill and is tributary to Fisherman’s Creek a
third of a mile upstream of Fisherman’s Creek’s confluence with the Black River. The condition of the
stream is discussed as part of the previous section. No biological surveys were conducted in this small
stream. The stream is naturally limited due to low flows and minimal water depth.

LAKE MICHIGAN TRIBUTARY STREAMS

BARR CREEK AT LM 82.9 - OVERVIEW
T13N R23E Sec. 30 SWNE Stream Length = 7.2 WBIC = 50200

Barr Creek is a 7.2 mile-long Lake Michigan tributary originating northeast of Cedar Grove. Water
quality is poor, influenced by three permitted dischargers, industrial storm water runoff in Cedar Grove,
nutrients, bacteria, and cropland runoff from agricultural areas. Macroinvertebrate diversity is poor, with
very tolerant organisms dominant, such as Asellus and Oligochaeta. The fish community lacks diversity,
with white sucker, brassy minnow, fathead minnow, brook stickleback, black bullhead, and mudminnow
dominant (Fago, 1985). Seasonal trout migration has been noted in spring fish surveys. Despite its steep

Black River Watershed 48



Water Resources of the Sheboygan River Basin

gradient and gravel-rubble bottom, Barr Creek lacks typical headwaters species such as daces,
stonerollers, darters and creek chubs.

Barr Creek was previously classified in 1979 as a non-continuous marginal fish and aquatic life stream
(Limited Aquatic Life). This 1979 classification was proposed without the benefit of any widely accepted
and scientifically based stream classification guidelines, or the use of recent biological information (i.e.
fish survey results).

In 1986 and 1987, a wasteload allocation survey and waste assimilative model was completed for two
discharges to Barr Creek, the Larson Company and Cedar Grove wastewater treatment plant. This survey
and model was used to predict the combined waste assimilative capacity of Barr Creek and their effects
on stream water quality. Concurrent with this survey, a stream classification survey was completed
according to the 1982 Stream Classification Guidelines for Wisconsin. Measurements of in-stream
habitat characteristics and fish surveys were completed.

The results of the 1986 stream classification indicate that Barr Creek habitat is suitable to sustain a viable
population of tolerant to very tolerant forage fish, and lesser numbers of tolerant sport fish. Habitat was
generally rated as “fair”. The results of fish surveys from 1986, and as early as 1976, confirmed this
conclusion. The fish community was represented by seven species considered tolerant to very tolerant of
degraded environmental conditions. The rainbow trout is not a resident of Barr Creek, but it along with
other species of trout and salmon resident to Lake Michigan, probably migrate into Barr Creek on a
seasonal basis. Due to natural limiting conditions (i.e. warm water temperatures), trout and salmon are
not capable of reproducing in Barr Creek. Based on the results of the 1986 stream classification survey, it
was recommended that Barr Creek be classified as a Limited Forage Fish Community. A subsequent Barr
Creek fish survey in 1994 reinforced this stream classification (Table 18).

Table 18. Barr Creek Fish Assessments.

Fish Species Ball Lyons IBI | Historical | Downstream | Upstream | Upstream of | Upstream of | Upstream of
Tolerance' | Tolerance? Fish of 143 at RM | of Smies Cedar Sauk Trail Sauk Trail
Collections 0.9 Road at Grove Road Road
Fago 1986 RM 2.9 AWWT|§d atRM14 | atRM 1.4
1985 1986 ccess Rd.
(1985) StRM2o | 10/5/1994 7/13/2000
8/16/1999

Black Sport X X

Bullhead

Brassy X

Minnow

Brook Tolerant X X X X

Stickleback

Central Very Tolerant X X X X X

Mudminnow Tolerant

Common Very Tolerant X

Carp Tolerant

Common Tolerant X

Shiner

Creek Chub Tolerant Tolerant X X

Fathead Very Tolerant X X X

Minnow Tolerant

Green Sport Tolerant X
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Fish Species Ball Lyons IBI | Historical | Downstream [ Upstream | Upstream of | Upstream of | Upstream of
Tolerance' | Tolerance? Fish of 143 at RM | of Smies Cedar Sauk Trail Sauk Trail
Collections 0.9 Road at Grove Road Road
Fago 1986 RM 2.9 AWWT}':d atRM14 | atRM 1.4
1985 1986 ccess Rd.
(1985) StRMo2o | 10/5/1994 7/13/2000
8/16/1999
Sunfish
Lake Chub
Rainbow Sport
Trout
White Tolerant Tolerant X X X X X X
Sucker
'Ball (1982) ?Lyons (1992)

WDNR personnel surveyed Barr Creek upstream of the Cedar Grove Wastewater Treatment Plant in 1999
(river mile 2.2) and upstream of Sauk Trail Road (river mile 1.4) in 2000. Fish community, stream
habitat, and benthic macroinvertebrates were surveyed and it was determined that while the stream habitat
and available fish cover were good, the fish and macroinvertebrate communities were poor. This can
probably be attributed to agricultural and urban land use in the watershed and poor water quality
conditions within the stream. The water quality habitat ratings determined from the biological monitoring
and habitat assessments from the 1994, 1999 and 2000 surveys are shown in Table 19.

Table 19. Hilsenhoff Biotic Index (HBI) and Index of Biotic Integrity (IBI) for Barr Creek, 1994,
1999 and 2000.

HBI' IBI®
Barr Creek Sample Sites Avg. Score Water Quality Score Water Quality
Rating Rating
At River Mile 2.9 7.05 (1994) Fairly Poor n/a n/a
At River Mile 2.2 6.97 (1999) Fairly Poor * *
At River Mile 1.4 6.00 (1994) Fair 20 (1994) Poor (1994)
n/a (2000) n/a (2000) 2 (2000) Very Poor
(2000)
At River Mile 0.9 n/a n/a n/a n/a

! Hilsenhoff Biotic Index (1987)

? Lyons (1992)

* The stream is below the IBI model calibration. A small stream IBI is being developed by WDNR
Research and these data will be assessed using that protocol when it becomes available.

Sediment Quality

Sediment collections were taken from an unnamed tributary to Barr Creek on the eastern side of Cedar
Grove, upstream of CTH D. These samples were collected as part of the basin sediment survey to obtain
baseline sediment quality data for Barr Creek and to assess the potential sediment quality impacts from
the foundries adjacent the stream. An extensive oil sheen and oil product was observed in the stream
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during the sample collection despite the highly scoured substrate in the area (WDNR 1994). The results
for total PCBs were just over the level of detect at 0.06 ug/g.

Eleven PAH compounds were detected in the sample collected in the unnamed tributary to Barr Creek in
Cedar Grove (WDNR 1999). A storm water pollution prevention plan review of a foundry in Cedar
Grove prompted a sediment survey of the stormsewer and tributary to Barr Creek (Triad Engineering Inc.
2000). No specific sediment management activities are planned at this time. Souce control will continue
to be a focus.

UNNAMED TRIBUTARY TO BARR CREEK AT RM 2.1
T13N R22E Sec. 24 Stream Length = 0.6

This small stream flows north-northeast from the eastern of Cedar Grove. An industrial area including
foundries are along this stream. A sediment sample was collected from this stream in 1994 and the
sediment is contaminated with metals and PAHs. A full discussion of this stream is in the Barr Creek
condition report (above). No biological information is available for this stream.

Black River Watershed 51



Water Resources of the Sheboygan River Basin

Table 20. Streams of the Black River Watershed.

: Biological Use Assess. Use Impairments
.Sttle:arg 22219/ I WBIC | Length Codified | Supp. | Category Ref. |Data Level
(T, R, Sec., QQ, Q) Existing Potential Source Impact
NPS, URB, SED
Barr Creek ’ ’ " | FLOW, TURB
50200 7.2 LFF LFF LAL |PART M LF, CON, SB, ' : 4
T13N R23E Sec.30 SWNE PSM. PSI. SS, HM SED, NUT, HAB
Unnamed Tributary to Barr
Creek at RM 0.2 11 UNK UNK DEF UNK
Unnamed Tributary to Barr
Creek at RM 0.6 0.4 UNK UNK DEF UNK
Unnamed Tributary to Barr
Creek at RM 0.8 0.7 UNK UNK DEF UNK
. NPS, URB, PSI,
U””aé“r‘;ig g?gtarétf Barr 0.6 LFF LFF DEF [PART| M CON, SS, DCH, NS#OIX\XB:SEODFiG 3
) RS, SB, LF, HM ' '
Unnamed Tributary to Barr
Creek at RM 2.5 1.3 UNK UNK DEF UNK
Unnamed Tributary to Barr
Creek at RM 3.5 1.2 UNK UNK DEF UNK
Unnamed Tributary to Barr
Creek at RM 3.9 1.6 UNK UNK DEF UNK
Unnamed Tributary to Barr
Creek at RM 4.4 0.5 UNK UNK DEF UNK
Unnamed Tributary to Barr
Creek at RM 5.0 0.6 UNK UNK DEF UNK
LFF RM
Black River 0-1.6 NPS, URB, SS, FLOW, HAB,
T14N R23E Sec.2 SENE 50300 | 11.4 LFF WWSF |AND LAL| NOT M DCH, SB, HM, CL, NUT, SED, 4
' RM 1.6- PSM TURB, MAC
11.4
Unnamed Tributary to Black
River at RM 1.2 1.2 UNK UNK DEF UNK
Unnamed Tributary to Black
River at RM 2.1 2.0 UNK UNK DEF UNK
Unnamed Tributary to Black
River at RM 3.1 1.7 UNK UNK DEF UNK
Unnamed Tributary to Black
River at RM 3.5 2.0 UNK UNK DEF UNK
Unnamed Tributary to Black
River at RM 4.3 2.1 UNK UNK DEF UNK
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; Biological Use Assess. Use Impairments
.St(r_?arFr; gzéneg‘rog)'on WBIC | Length Codified | Supp. | Category Ref. |Data Level
T v ' Existing Potential Source Impact
Unnamed Tributary to Black
River at RM 5.1 15 UNK UNK DEF UNK
Unnamed Tributary to Black
River at RM 6.2 14 UNK UNK DEF UNK
Unnamed Tributary to Black
River at RM 6.5 1.0 UNK UNK DEF UNK
Unnamed Tributary to Black 08 UNK UNK DEE UNK

River at RM 7.1

Unnamed Tributary to Black
River at RM 7.5 50500 23 UNK UNK DEF UNK
T14N R23E Sec.33 SWSW

Unnamed Tributary to Black

River at RM 9 8 1.7 UNK UNK DEF UNK
Unnamed Tributary to Black

River at RM 10.1 0.7 UNK UNK DEF UNK
Unnamed Tributary to Black 0.6 UNK UNK DEE UNK

River at RM 10.5

Unnamed Tributary to Black
River at RM 10.8 50600 0.6 UNK UNK DEF UNK
T14N R23E Sec.31 SWSW

NUT, LF, SS, DCH,
50400 21 WWFF WWFF DEF ([PART M URB, CON, PSI,
NPS

FLOW, HAB,
NUT, SED

Fisherman’s Creek
T14N R23E Sec.2 SESW

Unnamed Tributary to
Fisherman’s Creek at RM 0.8 LFF LFF DEF PART M LF, NPS, HM SC, MIG 3
0.3

Unnamed Tributary to
Fisherman’s Creek at RM 1.2 UNK UNK DEF UNK
1.2

Unnamed Tributary to
Fisherman’s Creek at RM 0.8 UNK UNK DEF UNK
1.6

TOTALS 51.1

(2) Trout streams as defined in Wisconsin Trout Streams (1980) but not listed in NR 102. These streams may be classified as trout streams under 1.02(7) since publication
of Wisconsin Trout Streams (1980), but are not formally classified as trout waters. These streams will be added to NR 102 and/or NR 104 during code revision.
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SHEBOYGAN RIVER WATERSHED (SHO03)

INTRODUCTION

The Sheboygan River originates in east-central Fond Du Lac County and flows eastward into Sheboygan
County, loops into Calumet and Manitowoc Counties near Kiel then flows back into Sheboygan County,
ultimately entering Lake Michigan in the city of Sheboygan. Two major tributaries, the Onion and Mullet
Rivers, enter the Sheboygan River in the city of Sheboygan Falls. The Onion River and Mullet River are
treated as separate watersheds in the WQMP report. Trout streams in the Sheboygan River Watershed
include Millhome, Schuett, and Feldner's Creeks. Warmwater streams, Otter, Gooseville, and Weedens
Creeks and another 30 unnamed streams are also tributaries to the Sheboygan River. There are ten dams in
the Sheboygan River Watershed: Sheboygan Marsh Dam, Kiel Dam, Rockville Dam, Millhome Dam,
Franklin Dam, Johnsonville Dam, Sheboygan Falls Dam, Waelderhaus Dam, lower Kohler Dam, and
Mischo’s Dam. Primary land use in the watershed is agriculture with more urban areas characterizing the
lower watershed.

Many different pollution sources impair the stream's biological and water quality integrity. They include
inplace pollutants (principally PCBs), 31 industrial discharges to surface waters, three municipal WWTP
discharges, urban storm water runoff, hydrologic modification (impoundments and tributary stream
channelization), stream bank erosion, stream bank pasturing, cropland erosion and construction site erosion.
This causes high stream turbidities, sedimentation, flow fluctuations, nutrient enrichment, dissolved oxygen
fluctuations, loss of habitat, toxicity, PCB bioaccumulation (fish advisories in downstream sections) and fish
migration interference.

In-place pollutants affecting the Sheboygan River's lower 14 miles include; polychlorinated biphenols
(PCBs), heavy metals and polycyclic aromatic hydrocarbons (PAHs). Tecumseh Products has submitted a
Feasibility Study for the remediation of this Superfund Site (BB&L 1998). A cleanup plan is being
evaluated by U.S. EPA with assistance from the Natural Resources Trustees; WDNR, USFWS, and NOAA.
A public meeting discussing the preferred cleanup action for the Sheboygan River and Harbor Superfund
Project is planned for 1999. Additionally, high concentrations of PAHs were discovered in the sediment
near an old coal gasification site upstream of Camp Marina in the city of Sheboygan.

VOLUNTEER MONITORING - TESTING THE WATERS PROGRAM

Students and teachers in Sheboygan and surrounding communities are learning to become active decision
makers through an environmental education project called “Testing the Waters”. Through “Testing the
Waters” students receive an education in river ecology and responsible citizenship. Students learn to
collect water quality data, research land influences affecting the river, and develop measures to protect
waterways. In short, “Testing the Waters” introduces students to the basics of stream biology and
environmental management.

Since 1990, when “Testing the Waters” began, thousands of students in Kenosha, Milwaukee, Ozaukee,
Racine, Sheboygan, Washington and Waukesha counties have tested water quality at sites throughout
Southeastern Wisconsin. The number of students increases every year as more high schools and middle
schools become involved.

In Sheboygan County, a consortium of middle and high school teachers and students work together to
collect water quality data on area rivers. Sample collection and analyses include: dissolved oxygen, fecal
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coliform bacteria, pH, biochemical oxygen demand (BOD), temperature, total phosphorus, nitrates,
turbidity, total solids and benthic macroinvertebrates (water bugs).

Data is interpreted, reported , and presented at an annual forum. The data the “Testing the Waters”
students collect can be a valuable addition to water quality information compiled by the Wisconsin
Department of Natural Resources (WDNR) (see figures below).

While the group works independently, students and teachers receive assistance and training from state and

local groups such as the WDNR, Sheboygan County Land Conservation Department, Maywood

Environmental Station and Cardinal Environmental, Inc.

Dissolved Oxygen (mg/L) in
Sheboygan River

Fecal Coliform Bacteria (Colonies/100 mL)

in Sheboygan River

12 _, 400
| e
10 S 300 -
g S
—
—I ~
> 61 § 2001
E =
4 S 100 I
o
2 | O 0 T T I_- T
0
1997 1998 1999 2000 1997 1998 1999 2000
October QGctober
@ Esslingen Park m8th St. Bridge ‘ ‘ @ Esslingen Park @ 8th St. Bridge ‘
Total Phosphorus (mg/L) in Turbidity (NTU/Inch) in
Sheboygan River Sheboygan R|Ver
8
o 50
6 - 40
| 5 1 E 30 -
=l
Fo m
2 i
1 0 : |_.
0 B 1 1997 1998 1999 2000
1997 1998 1999 2000
October
October

mEsslingen Park m 8th St. Bridge

@ Esslingen Park m 8th St. Bridge ‘

Sheboygan River Watershed

56




Water Resources of the Sheboygan River Basin

STREAMS OF THE SHEBOYGAN RIVER WATERSHED

MEHLES SPRINGS, SHEBOYGAN COUNTY
T16N R21E Sec. 7 NWSE Stream Length=1.0  WBIC = 58700

This tributary originates from a spring (Mehles spring) and flows westward through marshy wetlands before
joining the Sheboygan River at T16N, R21E, S.7, SE, SW. This tributary is approximately 1 mile in length
and is classified as a warmwater forage fish community stream with a fish population consisting primarily
of forage minnows. At this time it is partially meeting this biological use classification.

Problems that may be limiting the aquatic habitat include the loss of fish and invertebrate habitat and low
dissolved oxygen. The observed or potential problem sources include parent soils and excessive vegetation.

The habitat rating for this tributary is very good with excellent riparian cover and instream cover available.
There seems to be very little if any human disturbance (Ball 1982). No macroinvertebrate or fish collections
were made but this tributary would be expected to contain those species associated with typical marsh
habitat. Fish observations indicate an abundant forage fish population and other fish species including
yellow perch, sunfish, suckers and young carp.

FELDNER'S CREEK, FOND DU LAC COUNTY.
T16N R19E Sec. 35 NENW Stream Length = 1.8 WBIC = 61000

Feldner's Creek is a 1.8 mile stream originating in wetlands. The creek is spring fed, and classified as a
Class II trout stream in its upper half. Flow is northerly and the stream's gradient is approximately 25 feet
per mile. The stream is impounded at County Highway “CCC” to form Mischo’s Pond. Adjacent land use
is primarily recreational with agricultural uses in the headwaters segments. Habitat and water quality are
capable of supporting intolerant forage, cold water and warm water game fish species. Habitat historically
has been limited as a result of streambank destruction from livestock access, headwaters channelization and
sedimentation. The requirements of headwater gravel spawning areas for brook trout reaffirms headwaters
habitat restoration as a priority for Feldner’s Creek. Downstream reaches support a tolerant to intolerant
assemblage of forage species. The macroinvertebrate community is characterized by species intolerant of
organic pollution, indicating very good water quality. Sedimentation is moderate in reaches upstream of
CTH “CCC” and severe in reaches downstream of CTH “CCC”.

WDNR personnel conducted stream habitat analysis and fish and benthic macroinvertebrate surveys
downstream of CTH “CCC” (river mile 0.6) in 2000. This stream reach is low gradient and flows through a
natural wetland area. Fish and macroinvertebrate communities were poor and stream habitat was severely
limited because of heavy sedimentation. Fish species present were central mudminnows and bullhead
species. The impoundment upstream of CTH “CCC” is recognized as a potential source of the downstream
sedimentation problems.

MT CALVARY BRANCH, FOND DU LAC COUNTY.
T16N R19E Sec. 21 Stream Length = 6.8 miles WBIC = 61400

The unnamed tributary to Sheboygan River (Mt. Calvary Branch) flows into the Sheboygan River within the
St. Cloud State Wildlife Area, which is a large wetland complex with considerable wildlife habitat. The
confluence is approximately 1.8 miles upstream of where the Sheboygan River crosses CTH CCC. The
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stream is spring fed and has several small tributaries. Mt. Calvary Branch has a relatively low gradient and
has several large wetland conplexes adjacent to its course. Land use in the watershed is primarily
agricultural but does include natural areas and minor urban areas. The Village of Mt. Calvary has a
municipal wastewater discharge to the stream downstream of Basswood Road.

WDNR personnel monitored the biological communites and habitat of the stream upstream of Basswood
Road (river mile 2.2) in 1999. Historical fish collections were done upstream of CTH CCC (river mile 1.2)
and upstream of STH 149 (river mile 3.9). The fish assessment data are shown in Table 21. Fish and
macroinvertebrate communities rated fair at the site and stream habitat rated excellent (Table 22). The
lower rating for the fish and macroinvertebrate may be attributed to poor water quality and periodic low
dissolved oxygen levels associated with storm water runoff from agricultural land use.

Table 21. Fish Assessment on the Unnamed Tributary (Mt. Calvary Branch) to the Sheboygan
River Upstream of Basswood Road.

Historical Collection Upstream of Historical
Upstream of Basswood Road at Collection
Fish Species Tolc'?ra;:mel %2?;:?;2 STH149RM 1.2 R1I\3929.2 _BSITEEIL
1980 CTH CCC RM
39
1980
Blacknose Dace Intolerant Tolerant
Creek Chub Tolerant Tolerant X
Fathead Minnow Very Tolerant Tolerant X
Common Shiner X
White Sucker Tolerant Tolerant X X
Brook Stickleback Tolerant X X X
Pumpkinseed Sport X
Pearl Dace Intolerant X X
Southern Redbelly Dace Intolerant X
Northern Redbelly Dace Intolerant X
Largemouth Bass Sport X
Yellow Bullhead Sport X
Black Bullhead Sport X
Golden Shiner X
Yellow Perch Sport X
Bluegill Sport X
Central Stoneroller Intolerant X
Central Mudminnow Very Tolerant Tolerant X X
Green Sunfish Sport X
' Ball (1982)
?Lyons (1992)
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Table 22. Hilsenhoff Biotic Index (HBI), Index of Biotic Integrity (IBI) and Habitat Quality Results
for Mt. Calvary Branch from the 1999 assessments.

1 2
Mt. Calvary Branch HBI =
Sample Site Avg. Score Water Quality Score Water Quality
Rating Rating
Upstream of Basswood Road 5.94 Fair 32 Fair
! Hilsenhoff Biotic Index (1987)

? Lyons (1992)
* The average stream width for this fish community assessment site is below the current IBI model calibration.
DNR Research is currently developing an IBI for samll streams and these data will be evaluated using that method
when it becomes available.

UNNAMED TRIBUTARY TO SHEBOYGAN RIVER (GOOSEVILLE CREEK),
MANITOWOC COUNTY

T17N R21E Sec. 21 SESE Stream Length = 1.0 mile WBIC = 57800

Gooseville Creek (local name) flows into the Sheboygan River approximately 500 feet upstream of County
Highway AA. The 4.5-mile-long creek has a gradient of 6.3 feet per mile and drains a nine-square-mile
area. Three intermittent tributaries influence the creek, one joining it in its perennial section and two
flowing into Sy Lake from the north. Gooseville Creek is capable of supporting a warm water forage fish
community, and is only partially meeting this biological classification. The fish community of the creek
was documented in the fall of 1976, 1978 and spring of 1988 from Gooseville Creek (WDNR 1990). The
samples collected during 1988 consisted of a total of 11 species. Three sport fish species, bluegill,
unspecified sunfish, and rock bass, and eight tolerant and very tolerant forage fish species: creek chub,
johnny darter, bluntnose minnow, brook stickleback, white sucker, mudminnow, fathead minnow, and carp.
Overall, the most abundant species collected were the tolerant johnny darter and bluntnose minnow. The
factors keeping this stream from reaching its full potential are the loss of fish and invertebrate habitat,
streambank erosion and sedimentation leading to substrate embeddedness. Sources of water quality
degradation include channelization, cropland runoff, and parent soils. Macroinvertebrate data indicate good
to fair water quality in terms of organic enrichment. Dominant organisms include the caddisfly
Hydropsyche betteni, the beetle Optioservus sp., and the diptera Simulium vittatum (WDNR 1990).

MILLHOME CREEK, MANITOWOC AND SHEBOYGAN COUNTIES
T16N R21E Sec. 2 NENE Stream Length = 1.7 WBIC = 57200

Millhome Creek is a 1.7 mile Class I brook trout stream that flows into the Sheboygan River approximately
0.2 miles downstream and east of the Highway 57 bridge in the north end of Sheboygan County. A large
section of this creek and a number of its headwater springs are on publicly owned land, Manitowoc County's
Walla Hi park. The county purchased the land in 1977 from individuals who had previously used the
springs and spring pond near the creek's headwaters as a private fish hatchery from the 1930s to the mid-
70s.

Water quality is considered fair, and is influenced by agricultural runoff, cattle access, and unauthorized
dredging of an upstream segment and wetlands near Cedar Lake Road. The parties responsible for
unauthorized dredging were ordered to restore wetland vegetation. Fish collections from Millhome Creek in
1956, 1977, and 1978 documented a diverse fish population, with six sport species, seven tolerant or very
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tolerant species, and three intolerant forage species collected. The most important sport fish and the
dominant fish collected was brook trout. The tolerant forage species were central mudminnow, common
shiner, bluntnose minnow, common shiner, golden shiner, and brook stickleback. The three intolerant
species were northern redbelly dace, longnose dace, and mottled sculpin (Fago 1985).

Macroinvertebrate diversity is good. The number of taxa found at this station, however, is low. Intolerant
organisms dominate the community with Gammarus and Baetis comprising almost two-thirds of the
community. Habitat is somewhat limited for fish and macroinvertebrates because of slow moving water and
silt substrate (WDNR 1990).

OTTER CREEK, SHEBOYGAN COUNTY
TI15N R22E Sec. 7 NWNW Stream Length = 4.2 WBIC = 56400

Otter Creek, which originates at the outlet of a small privately owned spring lake, is 4.2 miles long, drains
about 11 square miles and has an average gradient of 12.4 feet per mile. It flows southeast for a quarter mile
through a white cedar and tamarack swamp until entering an area dominated by agriculture. The main stem
of Otter Creek receives additional flow from the Gerber Lake outlet about 0.75 miles from its headwaters,
and also from Little Elkhart Lake through a human-made outlet at the headwaters.

Otter Creek is the site of three major interrelated studies involving polluted runoff. The U.S. Geological
Survey and WDNR have established a Whole Stream Monitoring site on Otter Creek at Willow Road which
provides continuous monitoring of flow, dissolved oxygen, and temperature, along with storm flow
monitoring. The DNR Bureau of Research is also using Otter Creek to fine tune the index of biotic integrity
(IB]) so it will be more useful when making management decisions regarding sources of polluted runoff.
Southeast Region DNR has also used Otter Creek to evaluate the performance of nonpoint source best
management practices on sources of polluted runoff. The study involved three years of intensive evaluation
monitoring to establish baseline data from which the effectiveness of the Nonpoint Source Pollution
Abatement program could be determined. In addition, data were collected throughout the five-year
implementation phase of the controls and collected for three years after implementation to track
effectiveness.

An overview of the water quality of Otter Creek is presented here. Numerous publications have resulted
from these nonpoint source evaluation monitoring studies and the reader is encouraged to examine these
reports for additional information (e.g. Wierl et al. 1996, Wang et al. 1996, Rappold et al. 1997, Corsi et al.
1997, and Stuntebeck and Bannerman 1998). Otter Creek has a limited sport fish community, and diverse,
relatively abundant forage fish community including species tolerant and very tolerant of pollution and
degraded habitat. Although intolerant forage species are present, they are represented by fewer species and
are less abundant. Northern pike from the Sheboygan River have been reported to use the stream and
adjacent wetlands for spawning. Hilsenhoff biotic index (HBI) values from macroinvertebrate samples
indicate good to fair water quality with respect to organic forms of pollution. The creek is only partially
meeting its biological use potential for supporting a warm water forage fish community. Factors preventing
Otter Creek from meeting its full potential include loss of in-stream and riparian habitat, excessive algae
growth, and high concentrations of bacteria. Sources responsible include erosion from uplands and banks,
streambank pasturing, livestock access to the stream, channelization, barnyard runoff and failing septic
systems. Excessive sedimentation may reduce fish production because of loss of cover, poor spawning
substrate, and the presence of few fish food organisms.

Freshwater mussels are particularly sensitive to human induced changes in watersheds and are often used
as one of many biological monitoring tools to assess the condition of the resource. WDNR conducted
quantitative mussel surveys using the Random Point method in the Otter Creek subwatershed at sites
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where water chemistry, habitat, fish and macroinvertebrate data have been collected (Galarneau 1998).
The surveys were conducted using 1m” quadrats randomly placed in three stream reaches. All mussels
were collected within two quadrats randomly placed adjacent to each other across the stream channel.
Both live and dead mussels (i.e. relict shells) were collected by hand, identified, enumerated and live
specimens were returned to the stream. Environmentally sensitive mussel species (Endangered,
Threatened or Special Concern) were measured and aged as well, and then returned to Otter Creek.
Furthermore, a reference collection of shells was made to be used for educational benefits and to aid in
future mussel identification. The non-environmentally sensitive mussel species collected at each site are
identified below (Table 23). A population of the State Threatened Species slippershell mussel
(Alasmidonta viridis) was found in the Otter Creek subwatershed. Specific collection sites are not
reported for environmentally sensitive species (Endangered, Threatened, or Special Concern).

Table 23. Mussel species collected in Otter Creek (Sheboyogan County)

Site Common Name Scientific Name
cckhelplier | o Somirss
Upstream of Willow Road, Sheboygan fat mucket P quo .
. Anodonta grandis grandis
County giant floater .
Strophitus undulatus
squawfoot
undulatus
Downstream of CTH J in fenced pasture giant floater Anodonta grandis grandis
Upstream of STH 57, Sheboygan County cylindrical pqpershell Anod(_)nt0|des ferussacianus
creek heelsplitter Lasmigona compressa
St.a te Threateped Species found slippershell mussel Alasmidonta viridis
(site not specified)

SCHUETT CREEK, SHEBOYGAN COUNTY
TI16N R21E Sec. 13 Stream length = 0.4 miles

Schuett Creek joins the Sheboygan River 0.1 mile downstream of CTH MM and is 0.4 miles long. The
stream is classified as a Class I trout stream with a population consisting of small brook trout. Water quality
in the lower 800 feet is threatened by barnyard runoff, and streambank mowing. Fish diversity is good but
the number of taxa is low. Intolerant, tolerant and very tolerant taxa are equally represented in the fish
community. Habitat is not considered limiting, but agricultural runoff may be a degrading factor for this
stream. The Hilsenhoff biotic index (HBI) values of 4.58 downstream of a farm were "good," indicative of
some degree of organic enrichment. In contrast, the spring 1992 samples upstream of the barnyard had an
HBI value of 3.80, which is considered "very good," indicating very little organic enrichment.
Macroinvertebrates collected in the spring of 1992 downstream of the feedlot were dominated by the very
tolerant isopod, Asellus intermedius, and tolerant Gammarus pseudolimnaeus. The spring sample upstream
of the feedlot was dominated by intolerant Amphinemura delosa and tolerant Gammarus pseudolimnaeus.

WEEDENS CREEK, SHEBOYGAN COUNTY
T15N R23E Sec. 32 SWSW Stream Length = 5.9 miles WBIC = 50800

Weedens Creek originates in a large wetland at T14N, R23E, S19 and 20, and flows north through
agricultural land interspersed with a few small woodlots before it enters the Sheboygan River in the
Blackwolf Run golf course north of STH 28 in Kohler. The Aldrich Chemical Company is near the
headwaters, but does not discharge to surface waters. Weedens Creek has been reclassified in accordance
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with the Sheboygan River Basin Areawide Water Quality Management Plan (1988) recommendations and
previous triennial standards reviews for the Sheboygan River basin. Weedens Creek was previously
classified in two segments; the first segment (stream miles 0.0-2.3) as a warm water sport fishery, and the
second segment (stream miles 2.3-5.9) as capable of supporting limited aquatic life (WDNR 1980). After
completion of the recent appraisal, the creek was reclassified as warm water forage fishery for its entire

length (WDNR 1990).

On May 17, 1998 a major fish kill occurred on Weedens Creek. Manure spread in a field in the headwaters
area reached the stream via a drain tile resulting in a complete kill of the stream all the way to the

Sheboygan River (Galarneau 1998). Prior to this fish kill, 23 species of fish have been collected in
Weedens Creek (Table 24).

Table 24. Weedens Creek Fish Community Assessment

Fish Species Ball . Lyons IBI2 Fago 1985 1993 & 1997 Fish
Tolerance Tolerance Collections

Central Mudminnow | Very Tolerant | Tolerant X

White Sucker Tolerant Tolerant X X
Brook Stickleback Tolerant X

Yellow Bullhead Sport Tolerant X

Green Sunfish Sport Tolerant X X
Fathead Minnow Very Tolerant |Tolerant X X
Black Bullhead Sport Fish X X
Northern Pike Sport Fish X X
Bluntnose Minnow Tolerant Tolerant X X
Common Shiner Tolerant X X
Creek Chub Tolerant Tolerant X X
Smallmouth Bass Sport Fish Intolerant X

Largemouth Bass Sport Fish X
Sand Shiner Tolerant X

Pumpkinseed Sport Fish X
Blacknose Dace Intolerant Tolerant X X
Bluegill Sport Fish X
Central Stoneroller Intolerant X X
Largescale Stoneroller |Intolerant X

Johnny Darter Tolerant X X
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. . Ball Lyons IBI Fago 1985 1993 & 1997 Fish
Fish Species Tolerance! Tolerance? Collections

Blackside Darter Intolerant X
Southern Redbelly Intolerant X

Dace

Longnose Dace Intolerant X

Ball (1982)

? Lyons (1992)

Collections of young of year smallmouth bass, largemouth bass, northern pike, and sunfishes indicate that
Weedens Creek may be an important nursery for these game fish species. This creek also supports
seasonal runs of salmon from the Sheboygan River.

The dominant invertebrates collected in the spring 1992, assessments were the beetle Optioservus sp., the
isopod Asellus intermedius, and blackfly Simulium verecundum. The macroinvertebrate community was
nearly wiped out by the May 17, 1998 manure runoff as well. Macroinvertebrate sampling at numerous
sites resulted in a few live sow bugs (Asellus sp.), riffle beetles, and a single live caddisfly. Leeches and
crayfish were also killed.

Factors limiting the creek's potential include fish kills, loss of wildlife habitat, loss of fish and
invertebrate habitat, sedimentation, nutrients, and flashy flows. Sources include improper manure
spreading, channelization, wetland drainage, cropland runoff, streambank erosion, drain tiles, and low
flow. Sedimentation is excessive and limits habitat for aquatic life.

UNNAMED TRIBUTARY TO SHEBOYGAN MARSH (ELKHART LAKE CREEK),
SHEBOYGAN COUNTY

T16N R21E Sec. 30 Stream Length = 0.8 miles

Elkhart Lake Creek (local name) originates as an outlet from the northeast end of Elkhart Lake, adjacent
to the public boat launch near County Highway “P”. This low gradient stream, meanders approximately
0.8 miles through a large wetland complex that is part of the Sheboygan Marsh and discharges to the
South Ditch of the marsh. The surrounding watershed is primarily wetland and provides an excellent
buffer for the stream.

WDNR personnel surveyed approximately 200 meters of the stream’s fish community and habitat in
August 2000. Only 33 individuals were captured during the fish shocking survey; too few to calculate an
index of biotic integrity. Fish species that were present included bluegill, pumpkinseed, johnny darter,
central mudminnow, black bullhead, common carp, largemouth bass, and northern pike. Fish
communities may be limited due to low dissolved oxygen (DO) levels at certain periods and lack of fish
cover. Fish use the outlet area of Elkhart Lake as a refuge when DO levels are low in the Sheboygan
Marsh. This typically occurs during the hot summer months.

Stream habitat was limited due to the lack of fish cover and habitat types. The bottom substrate consists
primarily of sand and silt, and the number of riffles and pools are very few. Zebra mussels are abundant
in this stream near the outlet of Elkhart Lake with the population diminsihing downstream towards the
South Ditch. Zebra mussles extend the length of the stream and zebra mussels have been found in the
Sheboygan Marsh South Ditch in low concentrations (pers. Comm. Galarneau).
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SHEBOYGAN RIVER, SEGMENT 1 (RM 0-9.9)
T15N R23E Sec. 23 SESE Stream Length = 81 miles WBIC = 50700

This reach extends from the mouth of the river at Lake Michigan in the City of Sheboygan to the

Waelderhaus Dam in Kohler. The reach is the focus of several recent and ongoing water resource

planning and implementation efforts including the:

e Wisconsin Nonpoint Source Water Pollution Abatement Program's priority watershed project
(WDNR 1991)

e Sheboygan River Remedial Action Plan (WDNR 1995);
Sheboygan River and Harbor Superfund Project; the Sheboygan River Basin Arcawide Water Quality
Management Plan (WDNR 1988, 1995); and

e Kohler Landfill Superfund Project.

Cropland erosion and construction site runoff, in-place pollutants and upstream sources of polluted runoff
limit water quality. The limiting factors for this reach are toxic contamination from polychlorinated
biphenyls (PCBs), heavy metals, polycyclic aromatic hydrocarbons (PAHs), excessive sedimentation, and
bacterial pollutants. In 1992, PAH contamination of the floodplain soils near Camp Marina was
discovered during construction of floating piers. This site formerly contained a coal gasification facility,
operational until the 1930s, a suspected source of the contamination. The next occupant of the site used
one area to store fuels in tanks, providing another possible source of the floodplain contamination. The
extent of PAH contamination in the river sediment is undetermined.

This reach is classified as a warm water sport fish community. The fishery consists of smallmouth bass,
walleye, northern pike, crappie, channel catfish, rock bass, and assorted panfish. Smallmouth bass
dominate the sport fishery in this segment. Tolerant forage species include common carp, common shiner,
sand shiner and bluntnose minnow. This segment also exhibits seasonal runs of salmon and trout. In
response to concerns about PCB contamination of the fish, salmon stocking in the Sheboygan River was
suspended in 1987.

Four recent studies to investigate the impact of PCBs to biota in this segment of the Sheboygan River
have recently been completed or are ongoing. Kathy Patnode et al. (1998) conducted studies on (1)
snapping turtles, (2) mudpuppies (aquatic salamanders), and (3) tree swallows. Burzynski et al. (1999)
conducted a food chain study to examine contaminant transport from contaminated sediments and water
column to larval and emergent macroinvertebrates, and fish.

Snapping Turtles

Snapping turtles from contaminated rivers accumulate high body burdens of PCBs that are transferred to
the eggs. Our objective was to incubate snapping turtle clutches from PCB-contaminated and reference
site conditions to determine if reproduction is impacted (Patnode et al. 1998a). To date, clutches have
been collected from 10 females within contaminated sites and 4 from reference sites. Egg composites
from each clutch were analyzed for PCBs found in Great Lakes ecosystems. Half of each clutch was
incubated at male-inducing and the other half at female-inducing temperatures. Hatching success was
reduced in clutches with PCBs greater than 15 ppm, particularly in those incubated at male-inducing
temperatures. In 1996 and 1997, gross deformities were observed in 2 turtles and bent tails were observed
in 9. Growth curves diverged at 16-24 weeks resulting in significantly higher (+33%) final weights for
hatchlings with 1-15ppm, while those with >15ppm did not differ from reference hatchlings.
Responsiveness was inversely related to PCB exposure; turtles with the highest PCB concentration
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performed the poorest. Turtles were necropsied at 15 days or 33 weeks to determine the sex of gonads,
analyze blood samples for circulating hormone levels, and test liver enzyme activity for the effects of
PCBs. Liver enzyme activity responsible for degrading PCBs in hatchling turtles is elevated in a dose-
dependent manner by >1ppm PCB, while in juveniles turtles it is suppressed. PCB exposure appears to
result in greater variability in estrogen to testosterone ratios at 15 days, but no relationship is evident in
the data currently available. Data from 8-month-old juveniles suggests that increasing PCBs may suppress
the female hormone (progesterone) to male hormone (testosterone) ratio.

Thus far, 162 juvenile turtles have been marked and released where the female was captured. We intend
to resample released turtles through periodic trapping to monitor PCB accumulation, growth and survival.
In addition, we are continuing the study for a third year. Investigating the health of these individuals over
time will enable us to determine if PCBs are having a long-term impact on snapping turtle populations
and evaluate the efficacy of remediation.

Mudpuppies

The upper Sheboygan River watershed and adjacent basins support healthy populations of mudpuppies.
However, in the lower Sheboygan River, mudpuppies are absent. Since chronic exposure to contaminants
can impair normal physiology, we suspect that their absence is due to discharge and accumulation of
municipal, industrial and agricultural wastes in the river (Patnode 1998b). To test this hypothesis, we
conducted a caged mudpuppy study in the Sheboygan River. Our first objective was to determine if
contaminant exposure in mudpuppies is significantly higher in downstream than upstream segments of the
river. Secondly, we wanted to determine if mudpuppy health is impacted by exposure to contaminants.

Thirty mudpuppies were placed in enclosures with mesh that permitted rapid water exchange. Funnel
openings were created on the downstream side to allow prey to enter. Enclosures were placed at three
sites in the Sheboygan River: one upstream reference site and two sites located within the downstream
portion of the river. Necropsies were performed on 10 mudpuppies at the onset of the study to obtain
baseline data. Approximately half of the specimens at each site were necropsied at day thirty and the
remainder at day forty-five. Nine animals were found dead: 2 at the upper site and 7 at the lower sites. No
significant differences were observed between sites for body weight or length, liver weight, or
hepatosomatic index. Routine bacteriology did not identify any pathogenic conditions, but fungal
infections were suspected to have occluded the gills of the dead animals. PCBs accumulated in
mudpuppies over time in the contaminated portion of the river compared to the reference site. The highest
concentrations were observed in pool habitat compared to fast-water riffles. Liver enzyme activity was
elevated at 45 days in both contaminated sites relative to the reference site. This pilot study demonstrates
that these aquatic carnivores rapidly take up PCBs. The potential role of PCBs in the absence of
mudpuppies from the lower river requires controlled laboratory studies.

Tree Swallows

Tree swallows are insectivorous birds feeding primarily on emergent invertebrates from surface waters.
Exposure to and bioaccumulation of PCBs is well documented in the aquatic food chain in this system,
but movement of contaminants to avian and mammal species had yet to be established. Our objectives
were to compare PCB accumulation above and below deposits, examine the screening capability of liver
enzyme induction, and document impacts on reproduction (Patnode et al. 1998c). Study sites occurred
along the lower river, while control sites were located upstream. Productivity was monitored and eggs,
day 1 and day 12-15 nestlings were collected. Tissues were analyzed for PCBs. Liver enzyme activity
from day 12-15 nestlings was determined. Hatching success rates differed between control and study sites
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in 1995. Severe flooding in 1996 resulted in loss of nests and reduced nesting activity in all sites. Rate of
growth in 1996 did not differ significantly, but was lower at contaminated sites. A few highly
contaminated clutches in the control sites may be the result of relocation of unsuccessful, PCB-
contaminated females that have relocated upstream. All nestlings at control nests had negative PCB
accumulation rates. Day 1 nestlings at study sites had negative rates due to growth dilution of egg burden,
but accumulated PCBs between days 1 and 12. PCB accumulation in study sites was congener and site-
dependent reflecting exposure via egg deposition and prey. Liver enzyme activity was correlated with
PCB concentration in study sites in 1995, but was not evident in 1996. When analysis is completed, data
collected in 1997 will be compared to 1995 and 1996 to form the basis of pre-remediation biomonitoring.
The study will be repeated immediately following remediation and 5 years thereafter.

Food Chain Study

A study to determine how PCBs, PAHs and heavy metals accumulate through the food chain was initiated
in 1994 for the Sheboygan River Remedial Action Plan Area of Concern (WDNR, 1995). Data were
collected for both abiotic (sediment and water column) and biotic (invertebrates and fish species)
components of the ecosystem. A final report outlining results will be completed in the spring of 1999 and
distributed to interested parties.

Other Studies

A number of other studies have been conducted on this reach of the Sheboygan River to investigate the
extent of PCB contamination and the resulting environmental impacts as part of the Sheboygan River and
Harbor Superfund Project (see Southeast Region WDNR files for complete record).

Macroinvertebrate collections made during the Tecumseh pilot studies of the Sheboygan River and
Harbor Superfund investigation in 1992, showed Hilsenhoff biotic index (HBI) values of 5.155 for this
segment of the Sheboygan River representing "fair" water quality with fairly substantial organic pollution.
The segment is dominated by the Cheumatopsyche sp. This segment is only partially meeting its
biological use potential, due to loss of fish and invertebrate habitat and toxic contamination. This
segment has the potential to provide an excellent hunting and fishing environment, but due to toxic
contamination and the subsequent fish and waterfowl consumption advisory, it is under-utilized.

Surface water chemistry data examining conventional pollutants (i.e. nutrients, solids, bacteria etc.) have
been collected regularly in the Sheboygan River when the Wisconsin Department of Natural Resources
established long-term water quality monitoring stations in 1977. Sites were selected throughout the State
to establish baseline conditions for major rivers and provide the data necessary to track water quality over
time. Long-term water quality trend monitoring data serves as an indicator of the overall water quality for
the watershed encompassing most of the nonpoint and point source contributions to the stream. Trend
analysis is a statistical procedure to determine whether values of a particular water quality variable have
changed over time. A long-term water quality monitoring station was established within this stream reach
at Esslingen Park in 1977. This site has been sampled on a nearly monthly basis.

Galarneau (1996) conducted a trend analysis for water quality parameters measured at Esslingen Park for
the period from 1977 through 1994. Suspended solids, total phosphorus, dissolved phosphorus, ammonia,
nitrate plus nitrite, chlorides, and fecal coliform bacteria, had all been collected fairly consistently over
the study period. Stream flow was obtained from a USGS gage station located just upstream of Esslingen
Park near Interstate Highway 143. Water quality data collected from the Sheboygan River at Esslingen
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Park showed downward trends in total phosphorus, dissolved phosphorus, nitrate plus nitrite, and fecal
coliform bacteria. Chlorides displayed an upward trend over the same period.

Graphical representations of the water chemistry data collected to date are shown below (Figure 1). Box-
whisker graphs show the median (50%), minimum, maximum, and percent of median for nutrients,
suspended solids, chlorides and bacteria for the period 1977 - 1998. The 1998 data only include the
winter and spring sampling periods.
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Figure 1. Water Quality Graphs for the Sheboygan River at Esslingen Park.
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Figure 1 continued.
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Figure 1 continued.
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SHEBOYGAN RIVER SEGMENT 2 (RM 9.9-15.2)

This segment includes the Sheboygan River main stem from the lower Kohler Dam to its confluence with
the Mullet River. This segment runs through east central Sheboygan County and is contained almost
entirely within the city limits of Sheboygan Falls and the town of Kohler. Two major rivers flow into the
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Sheboygan River within this river reach, the Mullet and Onion Rivers. The water quality conditions of
these two rivers are discussed in separate sections in the WQMP. Three industries, Bemis Manufacturing,
Tecumseh Products, and the Kohler Corporation, discharge directly or indirectly via storm sewers, to the
Sheboygan River (DNR 1980). Tecumseh Products Company, working in cooperation with the U.S.
Environmental Protection Agency, removed 5,000 cubic yards of PCB-contaminated sediment in three
locations that contained concentrations of PCB between 890 and 4,500 ppm. Tecumseh and the U.S.
EPA are deciding upon additional river cleanup activities for this Superfund site, with concurrence by the
Natural Resources trustees, WDNR, NOAA, and USFWS. A public informational meeting will be held in
1999 to discuss the proposed cleanup activities.

This segment is classified as warm water sport fish community with smallmouth bass being the
predominant sport species. The lower Kohler Dam prevents salmon and trout migration. Water quality
conditions within this segment are considered to be poor to fair. Limiting factors include PCBs, heavy
metals, excessive sedimentation, organic enrichment, and impoundment barriers. The pollutant sources
for problems in the river segment include cropland runoff, streambank erosion or scour, urban runoff,
construction site runoff, and in-place pollutants. High PCB content in tissues limit the potential for
unrestricted fishery and wildlife uses.

Wisconsin DNR macroinvertebrate collections during the 1992 Tecumseh pilot studies project were
dominated by Cheumatopsyche sp. This segment had an HBI value of 5.31 "fair" water quality with
substantial pollution likely. During the 1978 basin study, periphyton samples were collected with the
population equally dominated by both tolerant and intolerant species.

SHEBOYGAN RIVER SEGMENT 3 (RM 15.2-45.0)

This segment extends from the confluence of the Mullet River upstream to the Rockville Dam. Polluted
runoff from agricultural activities is a major problem and particularly evident in downstream reaches.
Water quality is limited by cropland runoff, streambank pasturing, turbidity, bioturbation, low flows, and
the Franklin and the Millhome impoundments. Further discussion of the water quality problems
associated with the dams is reported in the impoundment section of this report (page Error! Bookmark
not defined.). The dams prohibit upstream movement of smallmouth bass, northern pike and other
species from their winter habitat to spawning or summer habitat. The obstructions limit fish populations,
especially into the upstream areas. There are no industries or municipalities having a serious point source
impact on water quality in this stretch of the river, but it has been degraded in the past by effluent from
the Kiel wastewater treatment plant and Johnsonville Sausage, Inc. discharges. Carp activity between
May and October contributes greatly to chronic turbidity problems.

This segment of the Sheboygan River is classified as supporting a warm water sport fish community, with
a fishery consisting of smallmouth bass, northern pike, crappie, and panfish. Other common species
found in this segment include rock bass, walleye, and channel catfish. Tolerant species such as common
carp, fathead minnows, creek chub, and johnny darter were also present. Intolerant species were present
in reaches of this segment, and included hornyhead chub, longnose dace, stonecat and logperch (Fago
1985).

Macroinvertebrate collections taken during the Tecumseh pilot studies (Aartila 1992) were dominated by
Certopsyche morosa bifida. The Hilsenhoff biotic index value for this segment is 5.43 indicating "fair"
water quality with substantial organic pollution likely.
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SHEBOYGAN RIVER SEGMENT 4 (RM 45.0-68.3)

This reach of the river extends from the Rockville Dam upstream to County Highway W. Marshlands
adjacent to the channel throughout most of this reach have served as a natural filter for polluted runoff,
lessening the impact from nonpoint source pollutants. Sediment collects behind all impoundments and
limits in-stream habitat in this river reach. Municipal wastewater treatment plants at Kiel, Mount Calvary
and St. Cloud discharge to this segment of the river.

Water quality is limited by sediment loads, nutrient excess, naturally occurring low dissolved oxygen, and
high turbidity. Responsible factors include cropland runoff, feedlot runoff, streambank runoff,
streambank pasturing, bioturbation, and human-made impoundments. Although these pollutants and
sources limit water quality, the river segment displays a wide range of water quality. Water downstream
of the marshes is filtered, while water upstream of the barriers displays the characteristics of
impoundments. Although the Sheboygan Marsh Dam area is an impoundment, it was installed to restore a
naturally occurring wetland. See the Sheboygan Lake/Marsh section (page Error! Bookmark not
defined.) for additional information on the Sheboygan Marsh segment of the river.

This river reach is classified as supporting a warm water sport fish community, with the fishery consisting
of northern pike, bullheads, crappie, largemouth bass, panfish, and yellow perch. Very tolerant species
include common carp, and central mudminnow. Intolerant species such as lowa darter, stoneroller,
hornyhead chub, northern redbelly dace, and tadpole madtom were also found here (Fago, 1985; WDNR
1994). Macroinvertebrate populations varied with the quality of the water. "Fairly poor" to "poor" water
quality is dominated by the chironomid Cladotanytarsus sp., the Amphipod Hyallela azteca and
caddisflies. Hydropsychid caddisfly, chironomid larvae, and blackfly larvae dominated “fair” water
quality conditions. The excellent water quality reaches exhibited poor macroinvertebrate diversity with
tolerant organisms dominating the community. Slow moving, deep water plus poor substrate is the
limiting factor to a more diverse community.

The concentrations of PAHs, heavy metals, and PCBs were higher in the Sheboygan River in Kiel than
downstream in the Rockville Impoundment (WDNR 1999). All concentrations are consistent with values
observed in urban environments. The Sheboygan River near Kiel does not require specific sediment
management activities at this time.

SHEBOYGAN RIVER SEGMENT 5 (RM 68.3-81.0)

This reach of the Sheboygan River originates at the headwaters and terminates 12.7 miles downstream at
County Highway W. The Dotyville Sportsman's Club operates a trap range immediately north of Walnut
Road and west of the river, located such that lead shot has the potential to drop into the river and along
the banks. In addition, five small holding ponds comprising about five acres are adjacent to the river in
the NW1/4, NE1/4, Sec.18, T15N, R19E. These ponds were constructed by the Tolibia Cheese Company
and used to dispose of brine process wastewater. These ponds were constructed and used without DNR
approval, and were therefore abandoned in 1986. A visual inspection conducted in the summer of 1987
confirmed that no surface water contamination was taking place from these ponds. There may, however,
be a potential for groundwater contamination.

Sedimentation, nutrients, and loss of habitat degrade water quality in this segment. Responsible factors
include cattle pasturing, cropland runoff, streambank erosion, and channelization. This segment is
classified as supporting a warm water sport fish community. Habitat and water quality currently support
an assemblage of tolerant forage and warm water game fish. Representative sport fish consist primarily
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of northern pike, sunfish, yellow perch, and bullheads. Common forage species include shiners, white
suckers, and creek chub.
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Table 25. . Streams of the Sheboygan River Watershed.

; Biological Use Assess. Use Impairments
SR N B e Ty WBIC | Length Codified | Supp. | Category Ref. |Data Level
(T, R, Sec., QQ, Q) . )
EXxisting Potential Source Impact
Feldner’'s Creek CcoLD" COLD FLOW, TURB,
T16N R19E Sec.35 NENW 61000 1.8 CLASSIl | CLASS I COLD | PART M NPS,HM, PSB SED 3
Unnamed Tributary to
Sheboygaz;g"er ARM | 57700 | 2.0 WWFF | WWFF | WWFF |[PART| M NPS, DCH, SB SED, HAB 3
T17N R21E Sec.28 NENE
Unnamed Tributary
(Gooseville Creek) to a
tributary to Sheboygan River| 57800 1.0 WWFF WWFF WWFF | PART M NPS, DCH, SB SED, HAB 3
at RM 43.7
T17N R21E Sec.21 SESE
Unnamed Tributary to
Gooseville Creek 58100 1.0 UNK UNK DEF UNK
T17N R21E Sec.21 SWNE
Millhome Creek CcoLD* COLD ERW NPS,HM, PSB,
T16N R21E Sec.2 NENE 57200 L7 CLASS | CLASS | COLD PART M DCH TURB, SED 3
Otter Creek NPS, PSB, BY, [SED, NUT, BAC,
T15N R22E Sec.7 NWNW 56400 42 WWSF WWSF DEF PART M DCH, SB TEMP, NH3 4
Unnamed Tributary to Otter
Creek at RM 1.2 56410 2.0 UNK UNK DEF UNK
T15N R21E Sec.1 SESW
Unnamed Tributary to Otter
Creek at RM 3.2 56500 2.0 UNK UNK DEF UNK
T15N R21E Sec.2 NENW
Schuett Creek COLD" COLD ERW
T16N R21E Sec.13 0.4 CLASS | CLASS | COLD PART M PSB, BY TURB, SED 4
Sheboygan River Segment 1 81 total URB. PSI. RS HM SC, PCB, ORG,
RM 0-9.9 50700 | 9.9 mile| WWSF WWSF WWSF [PART M ' NF,’S ' 'l SED, TURB, 4
T15N R23E Sec.23 SESE reach HAB, TOX, FAD
81 total SC, PCB, ORG,
Sheboygan River Segment 2 . URB, PSI, RS, HM,|[ SED, TURB,
RM 9.9-15.2 50700 | 5.3 mile| WWSF WWSF WWSF [PART M NPS HAB, TOX, MIG, 4
reach
FAD
Sheboygan River Segment 3| 54 Blzstaost;al WWSF | WWSF | WWSF |PART| M NPS, CL, SB SED, TURB, 4
RM 15.2-45.0 miie T MIG
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; Biological Use Assess. Use Impairments
ST NS SEe By WBIC | Length Codified | Supp. | Category Ref. [Data Level
(T, R, Sec., QQ, Q) . )
Existing Potential Source Impact
reach
81 total
Sheboygan River Segment 4 22.7 URB, PSI, NPS, SED, NUT,
RM 45.0-68.3 50700 mile WWSF WWSF WWSF | PART M CL, HM TURB, MIG 4
reach
81 total
Sheboygan River Segment 5 12.7 URB, HM, NPS,
RM 68.3-81.0 50700 mile WWSF WWSF WWSF [PART M CL. PSB SED, HAB 4
reach
Weedens Creek
. TURB, FLOW,
Tributary to Sheboygan | g4g4, | 5.9 WWSF | WWSF | WWSF |PART M NPS, HM, CL, SB, I\ 43 NUT, SED, 4
River at RM 8.9 URB, HAB HAB
T15N R23E Sec.32 SWSW
Mehles Springs
Tributary to Sheboygan
River at RM 51.9 58700 1.0 WWFF WWFF DEF | FULL E 2
T16N R21E Sec.7 NWSE
Unnamed Tributary to
Sheboygan River 50950 25 LAL LAL LAL |PART E NPS, PSI, HM TURTBO’)fED' 2
T15N R23E Sec.30 SESE
Unnamed Tributary to
Sheboygaznﬁ"er ARM | 56300 | 2.0 UNK UNK DEF | UNK
T15N R22E Sec.16 SWSW
Unnamed Tributary to
Sheboygan River at T16N
R19E Sec.33 NWSE
Unnamed Tributary to
Sheboygagﬂ"er ARM | 65100 | 2.0 UNK UNK DEF | UNK
T16N R20E Sec.31 NENW
Unnamed Tributary to
Sheboygan River at RM. | 60200 | 1.0 UNK UNK DEF | UNK
T16N R20E Sec.31 NWNW
Unnamed Tributary (South HM, DCH, DRDG,
Ditch) to Sheboygan Marsh 59000 2.0 WWSF WWSF DEF |PART M NPS DO, MAC, SED 4
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; Biological Use Assess. Use Impairments
ST N AL E R Ty WBIC | Length Codified | Supp. | Category Ref. |Data Level
(T, R, Sec., QQ, Q) . )
Existing Potential Source Impact

T16N R20E Sec.13 SWSE
Unnamed Tributary (Elkhart

Lake O“t'el\t}atfsr?heboyga” 59100 | 1.0 WWSF | WWSF DEF |PART M HM FLOW 4
T16N R20E Sec.24 SWSE

Unnamed Tributary (North

Ditch) to Sheboygan Marsh | 59400 2.0 WWSF WWSF DEF |PART M HM, DC,:\:_F',‘SDRDG’ DO, MAC, SED 3
T16N R20E Sec.15 SESE

Unnamed Tributary to North

Ditch at RM 1.7 59500 2.7 WWFF WWFF WWFF | PART M HM’PDS?HS’E’;\IPS’ FLOHWAgED’ 4

T16N R20E Sec.16 NENW '

Unnamed Tributary to North

Ditch at RM 2.9 59600 5.0 UNK UNK DEF UNK

T16N R20E Sec.8 NWSE

Unnamed Tributary (Vicks

Ditch) to Sheboygan Marsh | 59700 | 1.0 | wWwsk | wwsrF | DEF |PART| E HM, D%':;SDRDG’ DO, MAC, SED 2
T16N R20E Sec.23 SWSW

Unnamed Tributary (Bergin

Ditch) to Sheboygan Marsh | 59800 1.0 WWSF WWSF DEF |PART E HM, DC,:\:_F',‘SDRDG’ DO, MAC, SED 2
T16N R20E Sec.22 NWSE

Unnamed Tributary (Main

Ditch) to Sheboygan Marsh | 59900 | 1.0 | wwsF | wwsF | DEF |PART| E HM, D%‘;'SDRDG' DO, MAC, SED 2
T16N R20E Sec.22 SENW

Unnamed Tributary (Main

Ditch) to Sheboygan Marsh | 60000 3.0 WWSF WWSF DEF |PART E HM, D%‘;‘SDRDG’ DO, MAC, SED 2
T16N R20E Sec.22 SENE

TOTALS 127.2

(3) Trout streams as defined in Wisconsin Trout Streams (1980) but not listed in NR 102. These streams may be classified as trout streams under 1.02(7) since publication

of Wisconsin Trout Streams (1980), but are not formally classified as trout waters. These streams will be added to NR 102 and/or NR 104 during code revision.
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SHEBOYGAN RIVER IMPOUNDMENTS

There are ten dams in the Sheboygan River Watershed (Table 37). Many water quality, habitat, and biotic
impacts are associated with the impoundments caused by dams on the river. The environmental concerns
associated with dams are listed in Table 38.

Table 26. Sheboygan River Watershed Impoundments

Impoundments County Surface Area (Acres) Max Depth (ft.)
Sheboygan Falls Sheboygan unknown Unknown
Mischo's Pond 20 23 5
Impoundment
Johnsonville Sheboygan 8.5 6
Impoundment
Franklin Millpond Sheboygan Dam removed Free-flowing river.
Sheboygan Lake Sheboygan 674 4
Impoundment
Kiel Impoundment 36 250 8
Millhome Impoundment 36 51 6
Rockville Impoundment 36 110 6
Kohler Impoundment Sheboygan 21 8
(Formed by the (combined acreage)

Waelderhaus and Lower
Kohler Dams)

Table 27. Water Quality, Biotic and Habitat Impacts Associated with the Placement of Dams on
Streams.

Water Quality Impacts Biotic Impacts Habitat
» Increased water temperatures » Fish migration interference (segmentation | » Habitat fragmentation
of the Sheboygan River)
» Lower dissolved oxygen levels » Loss and coverage of coarse
» Loss of riffle spawning habitat bottom materials

» Higher suspended solids (proliferation of
planktonic algae) » Covering of riffle-dwelling » Loss of riverine habitat
macroinvertebrates
» Bioturbation-by carp and other bottom-
dwelling fish, creating higher » Displacement of lotic mussel species
downstream turbidities

Exotic species are a threat to the biological integrity of our surface waters in and as with carp,
impoundments create habitat conducive to the proliferation of other exotic species. Two more exotic
species found in the Sheboygan River Watershed that benefit from impoundments are the aquatic plant
Eurasian water milfoil (Myriophyllum spicatum), and zebra mussel (Dreissena polymorpha). The
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Eurasian milfoil plant is primarily a lentic (standing water) plant which grows and spreads rapidly out-
competing the native species. It grows in thick mats, is poor fish habitat, and interferes with recreational
uses.

Zebra mussels are small fingernail size clams that attach to firm surfaces including plants, rocks, gravel,
wood, crayfish, native mussels and each other. Zebra mussels can have significant ecological impacts by
altering water clarity and nutrient cycling, physically clogging intakes and may extirpate native mussels.
The Sheboygan River Watershed is unique in the Sheboygan River Basin in that zebra mussels are present
in the very headwaters (Elkhart Lake) and the mouth of the river (Sheboygan Harbor / Lake Michigan).
Horvath et al. (1998) studied zebra mussel dispersal in lakes (lentic habitat) with outlet streams (lotic
habitat). They found that the zebra mussel populations in small streams (< 30m) were supported by the
continual source of zebra mussel veligers (free-swimming larvae) from a source lake. Zebra mussel
veligers flow out of Elkhart Lake to the Sheboygan River and have reached the next downstream
impoundment — Sheboygan Marsh (Nelson, 1998). The extent of the population of zebra mussels to this
reach of the Sheboygan River, its impact to the native mussels, or the population concentration in the
Sheboygan Marsh are not known at this time. There is the potential for the Sheboygan Marsh to be
another source of zebra mussels supplying veligers to the next stream reach. The abundant number of
impoundments on the Sheboygan River present the potential for a series of sources and sinks (i.e.
alternative lentic and lotic reaches) for zebra mussel colonization. The removal of dams would reduce the
habitat suitable for zebra mussel colonization. The observed presence of the Eurasian milfoil and zebra
mussel in the Sheboygan River Watershed at this time are shown in Table 39.

Table 28. Observances of Eurasian water milfoil and zebra mussels in impoundments within the
Sheboygan River Watershed.

Impoundment Eurasian Water Milfoil Zebra Mussel
Franklin Millpond — no longer n/a n/a
exists; dam has been removed.

Kiel Millpond No No
Millhome Millpond No No
Rockville Millpond No No

Sheboygan Falls No No
Johnsonville No No
Kohler Dams No No

Mischo's Pond No No

Sheboygan Marsh Yes Yes

MILLHOME IMPOUNDMENT

T17N R21E Sec. 34, Manitowoc County
Surface Acres =51, S.D.F. = 3.61, Maximum Depth = 6 feet
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Millhome Flowage is a moderately long and narrow impoundment in the Sheboygan River lying in the
terminal moraine, created by a dam with a six-foot head. Bottom materials are primarily muck and
rubble. The water is hard, alkaline and of low transparency. Bullheads, crappies, channel catfish, and
northern pike comprise the fishery. Use problems include algae, carp, stunted panfish, and fluctuating
water levels. Land use adjacent to the impoundment is primarily agriculture. State Highway 57 parallels
the north shore for one-half mile and provides public access via a wayside park. Hunting is permitted and
a moderate number of ducks provide for hunting in fall.

The water quality of the Millhome Impoundment was sampled on May 4, and August 24, 1994. The
sample location was approximately 150 feet upstream of the dam (Lat 43°53'41"N, Long 87°57'54"W), in
the middle of the channel in 6 feet of water. Dissolved oxygen, and temperature profiles were obtained
along with surface total phosphorus, and chlorophyll a samples and Secchi depth measurements.

The August temperature profile shows that the impoundment was not stratified. The total phosphorus and
chlorophyll a resu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>