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1.0 EXECUTIVE SUMMARY

The Lake Benedict/Lake Tombeau Lake Management District (the Lake District) owns a low head-water
level control dam. The Wisconsin Department of Natural Resources (WDNR) has ordered that the dam be
repaired or replaced. Northern Environmental was contracted to complete a study to help the Lake District
identify feasible dam management options.

The practicality and cost of four dam management options were compared. These included repairing the
existing dam and constructing new dams made of concrete, earth, or sheet piling. Dam repair and
construction of an earthen dam were not found to be practical. A new sheet piling dam can be installed for
between $50,000 and $70,000, having a minimum useful life of 20 to 25 years. A concrete dam will cost
approximately twice this amount, but can be expected to last approximately twice as long. The final choice
will depend on the desires of the Lake District and its constituents.

The normal water level of the lakes is a matter of controversy, and is a critical element to dam design. A
consensus must be reached regarding what “normal” water levels are, and potential modification made to
state and federal records and studies.

Over half of Lake Tombeau is filled with oxygen-deficient water during mid summer. This situation
promotes the nuisance growth of algae and other aquatic plants, and limits the portion of the lake supporting
desirable aquatic plants and animals. Options exist that should help improve water quality and aquatic
habitat in Lake Tombeau. A bottom-draw draft tube incorporated into the design of the replacement dam
should reduce the volume of anoxic water found in Lake Tombeau in summer. This in turn should help
reduce nuisance aquatic plant and algal growth, and should increase the proportion of the lake providing
habitat to desirable aquatic plants and animals. However, the cost of the draft tube could more than double
the price of the dam. The long-term cost of a possible alternative (in-lake aeration) is essentially equal to the
long-term cost of the bottom-draw draft tube. The Lake District and its constituents will need to consider if
the benefits of this option justify its cost.
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2.0 INTRODUCTION AND BACKGROUND INFORMATION

Lake Benedict (occasionally referred to as Benedict Lake) and Lake Tombeau (commonly referred to as
Tombeau Lake, and formerly known as Nippersink Lake) are located astride the Walworth/Kenosha County
line in extreme southeastern Wisconsin. The two lakes are connected by a narrow channel, share the same
water level, and essentially behave as one lake with two distinct basins. The East Branch of Nippersink
Creek acts as the outlet for Lakes Benedict and Tombeau. A low-head dam is located at the end of an
artificially deepened and straightened channel on the west end of Lake Tombeau. This dam is used to
stabilize/modify the water levels in both lakes. Wisconsin Department of Natural Resources (WDNR)
inspectors judged that the dam was in a serious state of disrepair and issued repair orders on April 19, 2000.

The Lake Benedict/Tombeau Lake Management District (Lake District) assumed control of the water level
control dam during June 2002. The ownership transfer permit required that the Lake District observe a
number of conditions, including submission of a plan to address outstanding repair work no later than
November 1, 2002. In response to this requirement, the Lake District contacted and subsequently met with
Northern Environmental Technologies, Incorporated (Northern Environmental) during October 2002. A
conceptual workplan was developed and discussed with the Lake District and WDNR staff, and was used as
the basis of the dam repair workplan submitted to the WDNR on October 24, 2002. This report presents the
results of feasibility study portion of the workplan. As such, this report compiles information relevant to
dam repair and design, and uses these data to help develop management options. The Lake District can then
use these data and options to develop an action plan desirable to most stakeholders.

3.0 STUDY GOALS, METHODS, AND LIMITATIONS

The overall goal of this study is to assemble relevant information, interpret this information as needed, and
estimate cost and other management concerns when possible. This process is designed to allow the Lake
District members to educate themselves, thereby allowing them to:

A Evaluate various construction methods and materials and their effect on aesthetics, cost,
maintenance, and dam longevity

A Consider alternate dam management scenarios, including incorporation of novel design
elements that may benefit the lake ecosystem and lake users

A Recognize the importance of stakeholder needs, desires, and concerns in the overall project

Northern Environmental endeavors to present all information and options in an unbiased fashion, fostering
an atmosphere allowing stakeholders to make a decision that is not only technically valid, but more
importantly, is right for them. As such, we make recommendations only when there is a technical reason to
do so or when specifically requested. This document specifically avoids the temptation of providing a
prescribed “cook book” solution based solely on technical merit, instead presenting the information needed
by those who will choose options and those who will be affected by the final decision. In this way, non-
technical aspects of the decision making process are given importance in scale with the community’s needs
and desires.

Northern Environmental spent considerable time and effort to locate information that is needed to evaluate
the situation at hand, to develop management alternatives, and to develop attendant information critical to the
decision making process (e.g., cost, practicality). The references from which we gathered information are
presented in the references section (Section 7.0). Source or reference documents and analyses, as well as
other particularly noteworthy information sources are included in the appendices.

2
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4.0 NATURAL RESOURCE CHARACTERISTICS

4.1 Physiography

Lake Benedict lies mostly in the town of Randall, Kenosha County, Wisconsin. The northwestern third of Lake
Benedict and all of Lake Tombeau lie in the town of Bloomfield, Walworth County, Wisconsin (Figure 1). The
local area is scattered with numerous lakes. The second deepest natural lake in Wisconsin (Lake Geneva) is
located less than 7 miles to the west-northwest. Other notable local lakes include Elizabeth Lake, Marie Lake,
Powers Lake, and the Fox Lake Chain over the border in Illinois. Most local lakes are heavily used for
recreation since they are situated near many large urban areas, including the Chicago and Milwaukee
metropolitan areas.

Approximately 160 feet of relief exist within 2 miles of Lakes Benedict and Tombeau. The highest
elevations are found just over a mile east of Powers Lake in an area of irregular topography just north of
County Highway F. The highest known elevation in this area is over 950 feet above mean sea level (msl).
Other prominent highlands include ridges just south of Lake Tombeau and south of Pell Lake that have
elevations above 900 feet msl. The lowest elevation occurs at Elizabeth Lake (water surface elevation of 793
feet msl). Lakes Benedict and Tombeau share a water elevation of 822 feet msl and drain to the south
southwest via Nippersink Creek. The topography of lands immediately surrounding the study area is
illustrated in Figure 2. Figure 2 also presents lake depth contours and identifies the approximate dam site.

4.2 Climate

Southeastern Wisconsin has a continental climate with wide variations of temperature possible day-to-day
and season-to-season. Winters are cold and rather snowy, while summers are warm with short periods of hot
and humid weather. Areas near Lake Michigan have a somewhat moderated temperature regimen.

The growing season at Lake Geneva is 161 days. “Growing season” is defined as the number of days between
the last freezing temperature in spring and the first freezing temperature in fall. Growing season length is also
influenced by topography and other local factors. The number of daylight hours ranges from a minimum of 9

hours and 3 minutes during late December to 15 hours and 20 minutes during late June (Haszel, 1971).

Temperature and precipitation information for Lake Geneva are presented in the table below (WOI, 2003).
These data should approximate conditions at Lake Benedict/Tombeau.

Table 1 Temperature and Precipitation Information

Climate Normals Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
Ave Daily High (°F) 274 | 326 | 440 | 584 | 71.1 | 81.0 | 85.0 | 824 | 745 | 62.0 | 46.5 | 32.2
Ave Daily Low (°F) 109 | 149 | 256 | 366 | 469 | 56.6 | 619 | 60.1 | 524 | 41.6 | 303 | 17.2
Ave Precip (inches) 1.84 | 146 | 2.78 | 3.66 | 3.25 | 3.88 | 430 | 3.92 | 409 | 2.74 | 2.65 | 2.34
Ave Snowfall (inches) 128 | 93 8.9 2.4 0.1 0.0 0.0 0.0 0.0 0.2 3.0 114

Rainfall intensities are important data for determining runoff volumes. The Southeastern Wisconsin
Regional Planning Commission (SEWRPC) recently revised rainfall intensity data (SEWRPC, 2000). These
data are reproduced below.
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Table 2 Recommended Design Rainfall Depths for Southeastern Wisconsin

Recurrence Interval and Depths (inches)

Storm Duration 2Years® | 5Years® | 10Years® | 25vears | 50 Years | 100 Years
5 Minutes 0.40 0.48 0.54 0.62 0.68 0.74
10 Minutes 0.64 0.76 0.85 0.98 1.08 1.19
15 Minutes 0.83 0.98 1.07 1.21 1.31 1.41
30 Minutes 1.07 1.29 1.45 1.68 1.85 2.02
60 Minutes 1.31 1.60 1.84 2.20 2.50 2.82
2 Hours 1.54 1.93 2.23 2.73 3.16 3.64
3 Hours 1.68 2.07 2.40 2.93 3.39 3.89
6 Hours 1.95 2.40 2.79 3.44 4.03 4.70
12 Hours 2.24 2.74 3.17 3.89 4.53 5.25
24 Hours 2.57 3.14 3.62 4.41 5.11 5.88
48 Hours 3.04 3.71 4.20 494 5.53 6.13
72 Hours 3.29 3.94 4.40 5.09 5.63 6.17
5 Days 3.77 4.42 4.84 5.43 5.86 6.26
10 Days 4.68 5.42 5.89 6.55 7.03 7.46

4 Factors presented in U.S. Weather Bureau TP-40 were applied to the SEWRPC 2000 annual series depths
with recurrence intervals of 2, 5, and 10 years, converting these depths to the partial duration series
amounts set forth in this table. The annual series depths were adjusted as follows:

2-year: multiplied by 1.136; 5-year: multiplied by 1.042; and 10-year multiplied by 1.010

Average annual lake evaporation in southeastern Wisconsin is approximately 30 inches (Chow, 1964).
Evapotranspiration includes water evaporated directly from the soil or water surface, plus that drawn from
the soil by plants. As such, total evapotranspiration is generally higher than evaporation, and the rate is

highly dependent upon the type and growth stage of plants present.

4.3 Geology and Soils

4.3.1 Regional Setting

Southeastern Wisconsin and adjacent portions of Illinois were repeatedly glaciated, with the ice retreating for
the last time less than 14,000 years ago. Glaciation deranged pre-existing drainage patterns, creating many
wetlands, lakes, and wandering streams. The ice repeatedly advanced and withdrew, leaving a series of
ridges (moraines) with intervening lowlands. Certain areas were also covered with sand and gravel deposited
by glacial meltwaters. Ice blocks commonly were buried in these sediments. When the ice blocks melted,
the land surface collapsed, forming a “kettle hole.” This is the origin of the name of the nearby Kettle
Moraine.

Lakes Benedict and Tombeau are located just beyond the furthest advance of the ice sheet depositing the
brown and gray clays of the Oak Creek Formation. The farthest advance of the Oak Creek Formation is
demarked with a prominent ridge named the Valparaiso Moraine (Hansel, 1983) (Schneider, 1983) (Clayton,
2001). Silver Lake and Camp Lake lie just west of the Valparaiso Moraine, while the community of Salem
sets upon it. The ridges to the west and northwest of the Lakes Benedict and Tombeau are named the Genoa
Moraine and are composed of sandier sediments of the New Berlin Member of the Holy Hill Formation.
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Water emanating from melting glaciers stalled at the Valparaiso and Genoa Moraines deposited the sand and
gravel outwash in western portions of Racine County and eastern and northern Walworth County. When the
ice blocks buried in the sand and gravel melted, the complexly sloping topography seen today was formed.
The deposits are aptly named “pitted outwash” with the more pronounced pits commonly referred to as
“kettles.” The basins of many lakes in the local areas are likely depressions left after very large ice blocks
melted.

According to regional references, approximately 150 feet of unconsolidated sediments overlie bedrock in the
local area (Borman, 1976). Nearly all these sediments were deposited by glaciers. A thin veneer of post-
glacial sediments is found in some areas along major water bodies and within wetlands. Relatively large
areas of wetland deposited high organic content soil are found along the East Branch of Nippersink Creek, as
well as the creeks tributary to Powers Lake, Pell Lake, and Lake Ivanhoe.

Silurian-age dolomite underlies all of the local area (Borman, 1976). The surface of the bedrock is fairly
regular in the local area, dipping to the east, and has an elevation of approximately 700 feet msl. The
dolomite bedrock has several colloquial names such as the “Niagara bedrock” and as a building material is
often labeled “Lannon stone”.

4.3.2 Local Conditions

According to well constructor logs, a thick interlayered sequence of sand and clay is underlies Lakes
Benedict and Tombeau. Copies of the well construction logs are included in Appendix A. None of the local
well logs encountered bedrock, and the deepest available well logs describes over 165 feet of sediment. In
general, these logs suggest that up to six distinct layers of granular outwash and clayey glacial till are found.
In most areas, the uppermost mineral soils are reportedly composed of sandy clay, which is likely glacial till.
The thickness of this surficial till varies greatly, and is altogether absent is some areas. The till may be
buried by sands and gravel deposited during and after glaciation. In low lying areas, marsh deposited silt and
high organic content soils overly glacial deposits.

Figure 3 illustrates the distribution of soil types around Lake Tombeau and portions of Lake Benedict (Link
and Demo, 1970) (Haszel, 1971). As can be seen from this figure, granular sediments are exposed at the
surface in most areas. Granular sediments typically exhibit geotechnical properties favorable to construction.
Soil in many low lying areas, and areas at the foot of some slopes, consists of water-laid silt, clay, and muck.
These soils do not have good foundation characteristics, and typically either need to be removed or special
construction options must be chosen. Based upon what is known about local geology, most of the water-
deposited silt, clay, and muck are underlain by granular soils. The thickest accumulations of silt, clay, and
muck are anticipated in wetlands, where over 5 feet of these soils can be anticipated to overlie granular soil.

Typically, regional information is the only data available to predict subsurface soil and geotechnical
conditions at a proposed construction site. However, the proposed dam construction site is less than 1000
feet upstream of the U.S. Highway 12 Bridge over Nippersink Creek. A foundation study was completed
before the bridge was built in the mid-1960s (WisDOT, 1961). Two boreholes were drilled and the soils
were logged. The resultant data is presented in Figure 4. The Highway 12 Bridge study suggests that an
extremely thick sequence of soft sediment is found in the lowlands bordering Nippersink Creek. The depth
of soft sediment is probably much less at the dam site, since an area or high ground composed of granular
sediment is directly adjacent to the dam site. Extrapolating the surface topography of the slope located west
of the dam site into the wetlands, the dam site may be underlain by a few feet to 15 feet of soft sediment.
Essentially no soft sediment likely exists near the west shoreline, with progressively thicker accumulations of
soft sediment as one moves east away from the west shoreline.

5
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4.4 Overview of Local Water Resources

4.4.1 Surface-Water Drainage Patterns

Lake Benedict and Lake Tombeau are essentially one lake connected by a low gradient channel. As such,
they share essentially the same water level. Lake Benedict has small contributing surface watershed (377
acres) and no significant tributary streams, and is largely fed by ground water (SEWRPC, 2001). Lake
Benedict also has 714 acres of internally drained lands in its watershed, area where all runoff accumulates in
low areas and percolates into the ground. Water actively drains from Lake Benedict to Lake Tombeau
through the connecting channel. This defines Lake Benedict as a spring lake, that is, a lake primarily fed by
ground water having no visible inlet, yet having an actively flowing outlet. Much of the ground water
entering Lake Benedict is believed to flow through the subsurface from nearby Powers Lake.

Lake Tombeau has a large contributing watershed (5595 acres) with 1037 acres draining directly to the lake.
The headwater section of the East Branch of Nippersink enters Lake Tombeau from the north. A low head
dam was constructed downstream of Lake Tombeau at the end of a channelized section of the East Branch of
Nippersink Creek. The elevated water and artificially deepened and widened channel of the outlet stream
now appear as a long narrow arm of Lake Tombeau. More information regarding the history and design of
the existing dam can be found in Subsection 4.6.1. The combined flow of the headwater section of the East
Branch of Nippersink Creek, the Lake Benedict (the outlet channel), and direct runoff from the lands
tributary to Lake Tombeau exit the lake at the dam site. Most of the water entering Lake Tombeau is
believed to be surface runoff. Since Lake Tombeau has both a surface water inlet and outlet, it is considered
a drainage lake.

The East Branch of Nippersink Creek has two primary contributing branches upstream of Lake Tombeau.
These two branches join about 1 mile upstream of Lake Tombeau. The eastern branch acts as the outlet for
Powers Lake, drains wetlands north and northeast of Powers Lake, and derives almost all its waters from
areas within Kenosha County. The other branch extends north, receiving water from a series of wetlands and
agricultural areas.

After leaving Lake Tombeau, the East Branch of Nippersink Creek flows southwest and then south to its
confluence with the North Branch of Nippersink Creek. The combined flow is still called the North Branch of
Nippersink Creek as it crosses the state line just south of Genoa City, or about 3.4 stream miles south of the
Lake Tombeau dam. Nippersink Creek downstream of Lake Tombeau is a low gradient stream, dropping less
than 10 feet in 3.4 miles. The section just below the U.S. Highway 12 Bridge is particularly flat. After
leaving Wisconsin, the North Branch of Nippersink Creek flows south and joins the main branch of
Nippersink Creek. Just west of Solon Mills and enters Nippersink Lake, a lake in the Fox River chain of lakes.
In Illinois, the North Branch of Nippersink Creek is considered a “biologically significant stream” (IDNR,
1996) with “some of the best water quality in the region” (Openlands Project, 2002). It has been nominated as
an “outstanding resource waterway”’, and is considered to be one of Illinois’ finest streams by the Illinois
Natural History Survey (Prairie Rivers Network, 2001). The Fox River in turn drains to the Illinois River, a
tributary of the Mississippi River.

4.4.2 Surface-Water/Ground-Water Interaction

Three primary aquifers underlie the local area. The deepest aquifer is composed of Ordovician and
Cambrian-aged sandstone, is hydraulically isolated from other aquifers, and is usually referred to as the
“Sandstone Aquifer”. The sandstone aquifer is not likely an important component of the ground-water flow
system feeding Lakes Benedict and Tombeau.
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The uppermost bedrock in most eastern Wisconsin is composed of Silurian-age dolomite. This bedrock
formation is a very important supplier of potable water, and is often referred to as the “Niagara Aquifer” or
formation. The Niagara Aquifer is usually in good hydraulic communication with the overlying glacially
deposited Sand and Gravel Aquifer. The Niagara and the Sand and Gravel Aquifers interact with surface
water throughout the local area. Recharge typically occurs in highland areas, while discharge occurs in low
lying areas along major water bodies. Much of the ground-water recharge in the Lake Benedict/Tombeau
area likely occurs a few miles to the northwest.

Ground water is the primary source of water to Lake Benedict. Most of this water is suspected to flow
through the narrow intervening gravelly ridge from Powers Lake. Powers Lake has a water elevation
approximately 10 feet higher than Lake Benedict. Most ground water entering Lake Benedict leaves the
basin via the channel opening to Lake Tombeau. Some water may also exfiltrate into the lake bottom,
mostly in the southwest corner.

Ground water is likely a comparatively minor contributor to the water balance of Lake Tombeau. Ground
water is most likely discharges to Lake Tombeau in its eastern half. Lake water likely exfiltrates through the
lake bottom in the western half of the lake, especially near the water level control dam.

The U.S. Geological Society (USGS) qualified the amount of “low-flow runoff” in various watersheds
through Walworth County (Borman, 1976). Low-flow runoff is basically ground-water contribution to
surface water flow during periods of drought. The USGS determined that the watershed contributing to the
East Branch of Nippersink Creek produces 1.20 cubic feet per second (cfs) of baseflow per square mile of
watershed. Since 8.7 square miles contribute water to the Lake Tombeau outlet dam, the anticipated
baseflow is 10.5 cfs (approximately 4700 gallons per minute). The actual apparent baseflow at the Tombeau
dam is a fraction of this (estimated to be 1 cfs during fall 2002). Consequently, substantial volumes of water
may be exiting Lake Tombeau through permeable sediments adjacent and below the dam site, or the USGS
baseflow estimate cannot be accurately applied to the entire watershed, contributing to the flow at the outlet
dam.

4.5 Limnology of Lakes Benedict and Tombeau

A short, low-gradient stream connects Lake Benedict and Lake Tombeau. Even though they are considered
separate and independent lakes, they share an essentially equivalent water level. However, the two lakes are
dramatically different in terms of water source and quality. This section will compare and contrast the
attributes of each lake.

4.5.1 Basin Morphology

According to topographic maps (USGS, 1971), Lake Benedict has a normal water elevation of 822 feet msl, a
water elevation that should be equivalent to Lake Tombeau. A water elevation of 822 feet msl is
approximately 4 feet lower than the state specified “normal” water elevation of 826 feet msl (Puruckert,

1965). More recent topographic information reveals that the water elevation of the lakes was between 820 and
825 feet msl (Figure 2). Finally, the Federal Emergency Management Agency (FEMA) Flood Insurance
Study flood profile shows the top of the dam at 829.5 feet msl, and the streambed at the base of the dam at 825
feet msl (FEMA, 1983). The FEMA Flood Boundary Maps (1983) provide the location of elevation
benchmarks referenced to the National Geodetic Vertical Datum of 1929, including chiseled squares on the
County Highway U and the Powers Lake Road Bridges over the East Branch of Nippersink Creek (FEMA,
1983). These benchmarks, if they can be found, as well as the existing dam top of sheet piling and normal
overflow elevation (notch in sheet piling) will need to be confirmed against a USGS third-order elevation
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benchmark. The actual water level of Lakes Tombeau and Benedict is not known at this time, and must be
confirmed to assure what the actual “normal” water level is. Once determined, water elevation will have a
profound influence on dam design, and may require extensive negotiation to revise state-mandated normal
water surface elevation of both upstream lakes or computation of new flood profiles.

Lake Benedict covers 78 acres, has a maximum depth of 37 feet, and has a relatively low watershed to lake
ratio of 4.8. Approximately 13 percent of Lake Benedict has water depths of less than 3 feet, while 47
percent has a water depth of greater than 20 feet. The mean lake depth is 15.4 feet (SEWRPC, 2001)
(WDNR 1969). The total volume of Lake Benedict is 1207 acre-feet. A volume versus depth graph for Lake
Benedict is presented in Figure 5 (WDNR, 1969). Given that little surface water enters the lake, average
water residence time in Benedict Lake is 5.5 years. Most of Lake Benedict’s bottom is covered with a
mixture of silt and sand. Substantial portions of the lake bottom in near-shore areas are covered with sand
and gravel. A very limited area near the lake’s outlet is covered with silt (SEWRPC, 2001).

Lake Tombeau is smaller than Lake Benedict, but has similar basin morphology. The deepest area is found
in approximately the middle of the lake, where a maximum depth of 26 feet is reached (Figure 2) (SEWRPC
2001) (WDNR 1995). The total volume of Lake Tombeau is a matter of controversy. The SEWRPC states
that Lake Tombeau’s volume is 670 acre feet. However, analysis of the depth contours and lake area
presented in its report yield a volume of 453 acre feet. A newly computed depth versus volume graph for
Lake Tombeau is presented in Figure 5. According to recent studies, Lake Tombeau receives direct surface-
water runoff from 1037 acres, plus an additional 3844 acres of drainage area contributing water to Powers
Lake and Lake Benedict. The large amount of surface water draining to Lake Tombeau means that water
residence time is very short, averaging 2% months. However, this should not be construed to mean that all of
Lake Tombeau’s water is replaced every 2% months. Droughts, floods, and lake morphology/temperature
induced flow conditions may cause water to be replaced or remain in the lake for considerably longer or
shorter periods.

The size of Lake Tombeau is a matter of controversy. The WDNR states that Lake Tombeau covers 35
acres, while SEWRPC claims the lake covers 51 acres. Northern Environmental reviewed aerial
photographs, and determined that open water areas of Lake Tombeau, including connected access channels,
covers just over 33 acres. We can only speculate regarding the reason why SEWRPC states that Lake
Tombeau covers 51 acres. One potential reason could be that SEWRPC considers a portion of the wetland
extending to the northwest from the lake to be a part of the lake. Assuming Lake Tombeau presently covers
33 acres, a watershed to lake ratio of 148 results.

Lake bottom sediments are considerably coarser in Lake Benedict when compared to Lake Tombeau
(SEWRPC, 2001). Most of Lake Benedict’s bottom is covered with silt and sand, with substantial portions
of the near-shore areas underlain by sand and gravel. Most of Lake Tombeau’s bottom is covered with silt.
This silt is believed to have been deposited fairly recently, especially in the northern portion of the lake.
This finding suggests that much of the silt deposited in Lake Tombeau may be related to agriculture and
other activities that have intensified in the East Branch Nippersink Creek watershed since European
settlement. Shoreline and near-shore areas in Lake Tombeau are underlain by coarser grained sediments. In
the eastern part of Lake Tombeau, sand and gravel composes the lake bottom near the shore. Sand and silt
underlie most of the southern shoreline and near-shore areas.

4.5.2 Water Quality

Lakes Tombeau and Benedict and their watersheds are complex systems that are vulnerable to a wide range
of contaminants, ranging from excessive loading of plant nutrients (e.g., phosphorus, nitrogen) and sediment
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to toxins inadvertently or purposely released into the environment. These substances may be innocuous or
even beneficial in one setting, but when found in the wrong place or in excessive quantity, hinder the quality
and use potential of the resource. While some contaminants can be controlled with minimal effort, others are
nearly impossible to control once introduced.

Water quality samples help limnologists evaluate the trophic state of a lake, changes over time, and factors
limiting desired uses. Water Quality data have been sporadically collected at Lake Benedict, Lake Tombeau,
and connected lakes and streams since at least the 1960s (SEWRPC, 1978, 2001) (WDNR 1969, 1982,
1995). The available data are nicely compiled and tabulated in the 2001 lake study (SEWRPC, 2001).
Relevant pages from the report are reproduced and included in Appendix B. The following sections discuss
the meaning and importance of these data.

4.5.2.1 Temperature

Water temperature profoundly affects lake characteristics. Temperature influences water circulation
patterns, solubility of various compounds, chemical reaction rates, and species and distribution of
aquatic plants and animals. The temperature regimens of a lake are controlled by climatic and wind
conditions, lake basin morphology, surrounding topography and vegetation, water inflows and
outflows, and water chemistry.

Most deeper lakes in Wisconsin thermally stratify. In such lakes, temperature-induced density
changes cause a lake to develop three distinct temperature zones. During summer, these zones
include the epilimnion (warm surface layer), metalimnion (transitional layer), and the hypolimnion
(cold bottom layer). Little mixing occurs between these layers while the lake is stratified. Since the
hypolimnion is not exposed at the lake surface, it does not exchange gases with the atmosphere. In
eutrophic lakes, decomposing organic debris in the hypolimnion can deplete oxygen, leading to an
anoxic hypolimnion. Anoxic water is not habitable to most aquatic life, and encourages dissolution
of phosphorus from bottom sediment (Shaw, et al., 1994). Excessive concentrations of dissolved
phosphorus can cause problematic booms of algae and rooted aquatic plants.

In most lakes, thermal stratification breaks down each fall as the atmosphere cools, allowing deeper
water formerly trapped in the hypolimnion to mix with surface layers. During winter, many lakes
again stratify. Since water reaches its maximum density at 4° C (a temperature slightly above the
freezing point of water), warmer water is found at depth, while cooler, near-freezing water is found
directly below the ice. This inverse temperature stratification is easily disrupted, and lakes usually
mix during spring. Mixing can bring large amounts of nutrients to the surface of a lake, enhancing
productivity and commonly creating good conditions for algal blooms. Lakes that stratify and
undergo two periods of mixing are termed “dimitic.”

Both Lakes Benedict and Tombeau stratify in the summer. Because of basin morphology, relatively
more of Lake Tombeau’s water volume is composed of deeper, colder hypolimnetic water. Because
of this, Lake Tombeau is more likely to remain stratified, all other conditions being equal. However,
since Lake Tombeau has significant surface water inputs, stratification can be disrupted by large
storm flows.

4.5.2.2 Oxygen

Oxygen solubility varies with temperature, water purity, and atmospheric pressure. More oxygen can
dissolve into pure cold water at low elevations. Increasing water temperature, salinity, and elevation

9



A Northern Environmental’

Hydrologists = Engineers = Geologists

Data Compilation and Management Options — Lake Benedict/Tombeau Lake Mgmt District August 23, 2003

decreases oxygen saturation potential. Biological productivity also affects dissolved oxygen
concentrations. Aquatic plants produce oxygen, but plant and animal decomposition and respiration
use oxygen. When respiration and decomposition use more oxygen than can be replenished by
exchange with the atmosphere and plant oxygen production, oxygen levels decrease. Oxygen can be
exhausted in some cases, especially when water cannot freely mix and exchange gases with the
atmosphere. Fish kills can occur during winter because ice does not allow air to water oxygen
transfer, while ice and snow limit light penetration hindering photosynthetic oxygen production.
Waters in a lake’s hypolimnion cannot freely mix with the surface and receive oxygen-consuming
debris from the surface. Consequently, oxygen can be depleted in the hypolimnion in many lakes. In
some lakes, abundant aquatic plant growth can cause dissolved oxygen concentrations to rise above
saturation values. Supersaturated oxygen concentrations are also detrimental to many aquatic
organisms.

Water should contain at least 5 milligrams per liter (mg/l) oxygen to support a healthy warm-water
fishery. To support trout, at least 7 mg/l oxygen should be present. Concentrations of 2 mg/1 or less
are lethal to many desirable fish species. Even though fish can tolerate lower oxygen concentrations
for variable periods, low oxygen levels stress the fish and often promote the success of less desirable
species, such as carp and bullheads.

Oxygen is depleted in the deeper portions of both lakes during the summer (Figure 5). However,
over 88 percent of Lake Benedict’s water volume contains more than 2 mg/l oxygen. In contrast,
only about half of Lake Tombeau’s water volume is habitable for aquatic life during mid-summer.
In simple terms, this means that half of Lake Tombeau’s water volume is not contributing to a
desirable aquatic life during summer. Furthermore, anoxic waters promote release of plant nutrients
from bottom sediments, promoting algal blooms and problematic amounts of aquatic plants (see
Subsection 4.5.2.3.1). Approximately two-thirds of Lake Tombeau’s bottom is covered with anoxic
water during mid-summer, conditions favoring phosphorus release to the water column.

4.5.2.3 Nutrients

Nitrogen and phosphorus are macronutrients essential to plant growth. While plants require many
compounds to live, most are readily available in sufficient quantities to allow growth. Nitrogen and
phosphorus are typically not as available, and the concentrations of one or the other usually limit
aquatic plant growth. Consequently, knowing the concentration of these compounds in lake water
can help us understand current and potential plant growth limitation factors.

4.5.2.3.1 Phosphorus

In 80 percent of Wisconsin lakes, phosphorus is the key nutrient controlling aquatic plant
growth (Shaw, et al., 1994). Lake water phosphorus concentrations are usually measured as
soluble reactive phosphorus and total phosphorus. Soluble reactive phosphorus is readily
available to plants. Consequently, its concentration can vary widely over short periods. A
potentially better measure of lake water phosphorus concentration is total phosphorus, which
measures dissolved phosphorus as well as phosphorus in plant and animal fragments
suspended in lake water.

Phosphorus is very reactive in the environment, being absorbed by plants and attaching itself
tightly to sediments. Consequently, sediments carried by surface water are typically the
largest external source of phosphorus to lakes. Phosphorus does not readily dissolve in lake
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water, forming insoluble precipitates with iron, calcium, and aluminum. Consequently, most
fully oxygenated lakes have a net flux of phosphorus to the lake bottom. However, if
oxygen is lacking, iron precipitates become unstable and release phosphorus to the overlying
water. The hypolimnia in eutrophic and most mesotrophic lakes are often devoid of oxygen
during summer, allowing phosphorus releases from bottom sediment, increasing the
concentration of phosphorus available to plant growth.

In contrast, only about one-quarter of Lake Benedict’s bottom is exposed to anoxic water.
Recent studies have shown that much of Lake Tombeau’s bottom is covered with recently
deposited silt, sediments that likely contain high concentrations of phosphorus. The large area
of phosphorus-rich sediment exposed to anoxic water makes internal cycling of phosphorus an
important and, possibly predominant, contributor to the total phosphorus loading of Lake
Tombeau. Water quality sampling results from throughout Wisconsin were collected and
presented for comparison (Lillie and Mason, 1983). Data from 61 southeastern Wisconsin
lakes reveal that the mean total phosphorus concentration is 0.030 mg/l, a concentration noted
as typically denoting “good” water quality (Shaw, 1994). Lake Benedict’s surficial water
generally has low concentrations of phosphorus (e.g., less than 20 mg/l). Deeper water drawn
from the hypolimnion during summer typically has higher phosphorus concentrations (up to
77 mg/l), concentrations typically related to eutrophic (nutrient enriched) waters.

Phosphorus concentrations in Lake Tombeau’s surface water are similar to Lake Benedict.
However, water drawn from Lake Tombeau’s hypolimnion contains extremely high
concentrations of phosphorus during summer (up to 597 mg/1 total phosphorus). This
finding strongly suggests that anoxic water-induced phosphorus release from bottom
sediments is a primary source of plant nutrients to Lake Tombeau.

4.5.2.3.2 Nitrogen

Nitrogen is the other nutrient commonly limiting the growth of aquatic plants, usually
second in importance to phosphorus. Nitrogen limits the growth of plants in a few
Wisconsin lakes. Nitrogen can be found in lakes in many forms including nitrate, nitrite, and
ammonia. Nitrite is usually present in only trace quantities and is readily transformed to
nitrate in oxygenated water. Ammonia is also typically scarce in oxygenated water.
Ammonia is the most plant-available source of nitrogen, but is toxic in high concentrations.
Ammonia concentrations may increase in anoxic waters as nitrate levels decrease.

Sources from which nitrogen can enter a lake include precipitation (which can have
concentrations of nitrogen as high as 0.5 mg/l), breakdown of organic compounds, and
human-induced sources of nitrogen such as fertilizers, sewage effluent, and animal waste.
Even though nitrogen demand in vegetated terrestrial soil is high during active growing
periods, nitrogen can move through soil and reach ground water if:

A Vegetation is not actively growing

A Nitrogen supply exceeds vegetative demand

A Nitrogen is injected directly to subsurface sediment (e.g., septic system
drainfields)

Nitrate migrates freely with ground water.
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Kjeldahl nitrogen includes nitrogen contained in suspended organic matter and ammonium.
Total nitrogen is calculated by adding nitrate and nitrite to Kjeldahl nitrogen. If spring
inorganic nitrogen levels are below 0.3 mg/l, summer algae blooms are less likely (Shaw, et
al., 1994). The median organic nitrogen concentration in a study of 61 southeastern
Wisconsin lakes was 0.77 mg/1, while the average total nitrogen concentration for these lakes
was 1.18 mg/I (Lillie and Mason, 1983).

Total nitrogen concentrations in Lake Benedict ranged from 0.024 mg/1 to 1.34 mg/l. Low
spring nitrogen concentrations denote a low likelihood for problematic algal blooms. Lake
Tombeau water quality samples contained between 0.66 and 0.86 mg/l nitrogen. The higher
spring total nitrogen concentrations reveal Lake Tombeau is likely to experience nuisance
algal blooms. Much of the nitrogen found in Lake Tombeau may find its way to the lake in
tributary streams.

Ammonia is found in the hypolimnia of both lakes during summer, suggesting release from
bottom sediments and/or decomposition of detritus under oxygen-deficient conditions.
Since ammonia is readily absorbed by plants, it can also indirectly contribute to total
nitrogen concentrations. Therefore, ammonia released from bottom sediments and decaying
detritus may be a significant contributor of nitrogen to both lakes during summer.

4.5.2.3.3 Nitrogen/Phosphorus Ratio

When the ratio of total nitrogen to total phosphorus concentrations are greater than 15 to 1,
plant and algae growth in a lake is controlled by the amount of phosphorus available and is
considered “phosphorus-limited.” When the ratio is below 10 to 1, nitrogen is the limiting
nutrient for plant and algae growth, values between 10 to 1 and 15 to 1 are considered
transitional (Shaw, et al., 1994). Most Wisconsin lakes are phosphorus limited.

The following table summarizes nitrogen/phosphorus ratios for both lakes.

Table 3 Nitrogen/Phosphorus Ratios of Lakes Benedict and Tombeau

Nitrogen/Phosphorus Ratio Typical Limiting
Range Average Nutrient
Lake Benedict
Shallow’ 18-92 58 Phosphorus
Middle? 18 18 Phosphorus
Deep™? 34 34 Phosphorus
(8.4-76) (36) (Phosphorus)
Lake Tombeau
Shallow’ 17-35 28 Phosphorus
Middle? 26.3 26.3 Phosphorus
Deep™? 9.2 9.2 Nitrogen
(1.4 - 60) (12) (Nitrogen)

Notes:
' Does not include May 7, 1998 sample because total nitrogen value seems erroneously low

Nitrogen data for middle and deep samples were only available for one date during 1977 or 1978.

Phosphorus concentrations from the single date are much lower than those measured by SEWRPC

during 1998-1999.

Includes maximum probable nitrogen/phosphorus ratio extrapolated from SEWRPC data (in

parentheses).

2
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As can be seen from these data, essentially all of Lake Benedict’s waters are phosphorus-
limited, as are the waters of most Wisconsin Lakes. The hypolimnion of Lake Benedict is
apparently nitrogen-limited on some occasions, a normal occurrence in mesotrphic lakes.

Chemical reactions occur in oxygen-deficient bottom waters. As was explained in an earlier
section, anoxic water causes phosphorus to be released from bottom sediments. Similarly,
nitrates are converted to nitrogen gas by certain organisms under anoxic conditions, lowering
organic nitrogen concentrations. Ammonia concentrations increase by enhanced release from
bottom sediments and by the shut-down of typical oxidation processes. In Lake Benedict,
phosphorus and ammonia concentrations are commonly elevated in oxygen-deficient waters,
suggesting phosphorus is released from bottom sediments under certain conditions.

The hypolimnion of Lake Tombeau occupies a much greater proportion of the total lake
volume, covers more of the lake bottom, and likely is present for longer periods. As such,
phosphorus and ammonia enrichment and nitrate depletion are likely to be more pronounced.
The available data shows this is indeed the case. The deeper portions of Lake Tombeau are
commonly phosphorus enriched and nitrogen limited.

4.5.2.4 Chlorophyll a

Chlorophyll a concentrations correspond to the abundance of planktonic algae in lake water.
Chlorophyll a concentrations respond to seasonal light changes, lake-water nutrient content and
transparency, aquatic macrophyte growth, temperature, and zooplankton abundance. High
chlorophyll a concentrations relate to algal blooms. Algal blooms most often occur after spring and
fall turnovers in lakes with anoxic hypolimnia. Algal blooms can also occur when other events
liberate nutrients into the lake system or otherwise upset nutrient equilibrium. Examples of events
that could cause algal blooms are:

Severe thunderstorms washing nutrient-laden water or sediment into a lake
Mid-season circulation of the hypolimnion caused by storms, flood flows, etc.
Decrease in zooplankton abundance

Anoxic water conditions destabilizing phosphorus bound in bottom sediments
Significant manipulation of the macrophyte community

> > > > >

If macrophytes are destroyed, the demand for limiting nutrients is decreased and nutrients are
returned to the water from decomposing aquatic plants. This chain of events can also cause algal
blooms.

Southeastern Wisconsin lakes” mean chlorophyll a concentration is 9.9 micrograms per liter (ug/1).
Values of 10 pg/l or higher are associated with algae blooms. Chlorophyll a readings less than 5
pg/l indicate very good water quality, while values less than 1 pug/l are indicative of excellent water
quality (Lillie and Mason, 1983).

Water samples from Lake Benedict contained between 1.64 and 8.53 mg/I chlorophyll a. The
highest concentrations were found during the spring, after winter turnover brings nutrient-rich water
from the lake bottom. Summer water samples consistently contain less than 3 mg/1 chlorophyll a,
suggesting that Lake Benedict’s water quality is good to excellent.
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Lake Tombeau has higher concentrations of chlorophyll a, with concentrations ranging from 4.94 to
15 mg/l. The data show that Lake Tombeau can experience algal blooms during spring and summer.
These algal blooms are likely fueled by storm runoff or nutrient-rich bottom water making its way to
the surface. When compared with Lake Benedict, Lake Tombeau’s waters have a considerably
higher potential for nutrient enrichment. Lake Tombeau has a large watershed and strong anoxic
hypolimnion, both of which contribute phosphorus. Excessive phosphorus is usually the cause of
algal blooms and high chlorophyll a concentrations.

4.5.2.5 Alkalinity and pH

Lake water alkalinity is largely attributable to bicarbonate and carbonate that are typically released
from dissolution of calcite and dolomite. Dissolution of calcite and dolomite also releases calcium
and magnesium, producing hard water. Median alkalinity concentration in 61 southeastern
Wisconsin lakes is 160 mg/I (Lillie and Mason, 1983). Alkalinity buffers the effects of acidic
rainfall by neutralizing low pH rainfall.

Lakes with abundant plant growth and high alkalinity water often have marl deposits. Marl is
composed primarily of calcium carbonate, but also includes phosphorus. Plant growth fosters marl
formation by removing carbon dioxide from the water, increasing pH. Marl is often visible on the
leaves of certain aquatic macrophytes as an encrustation.

The alkalinity of both lakes range from 168 to 262 mg/l, values higher than average. This may be
related to the significant inflow of ground water into the lakes. Both lakes are well protected against
negative affects from acid rain. Water from deeper portions of the lakes contained higher alkalinity
concentrations, perhaps because of less influence by precipitation and aquatic plants.

pH is an exponential index of hydrogen ion concentration used to measure acidity. pH is represented
on a logarithmic scale from 1 to 14, with 7 being neutral. Readings above 7 have less hydrogen ions
and are basic (alkaline), readings below 7 have more hydrogen ions and are considered acidic. The
median pH of 61 southeastern Wisconsin lakes is 8.0 (Lillie and Mason, 1983). Lower pH measured
may result from abundant rainfall. Rainfall in southeastern Wisconsin is acidic, having a pH of
about 4.4. The pH of the water in both lakes ranged between 7.1 and 8.4. Near-surface waters
exhibited higher pH values, a fact probably attributable to plant respiration. Plant respiration raises
pH, promoting marl precipitation.

4.5.2.6 Transparency

Transparency is a function of water color and turbidity and is usually measured with a secchi disk.
A secchi disk is an 8-inch circular plate with alternating black and white quadrants fixed to a length
of graduated cord. During the middle of the day, the disk is lowered on the shaded side of the boat
until an observer can no longer see the secchi disk. The depth is noted, the disk is then raised until it
just again is visible, and the depth again is noted. The two measurements are averaged to give a
reading. The deeper the secchi disk reading, the clearer the water. High concentrations of algae or
suspended sediment usually account for shallow secchi disk readings. In some instances, colored
water can also account for lower secchi readings. Weekly secchi depth readings collected over a
number of years during open water periods provide an excellent, low-cost method to evaluate
changes in lake clarity, which may relate to other changes in lake water conditions.
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Secchi depths have been characterized as follows (Shaw, 1994):

Water Clarity Secchi Depth (feet)
Very Poor <3
Poor 5
Fair 7
Good 10
Very Good 20
Excellent 32

Lake Benedict’s water transparency does not appear to vary significantly, ranging from 5.6 to 8.9
feet. Given the low chlorophyll a concentrations in Lake Benedict, the lower skimmer transparency
is not likely solely related to algae. Instead, particulates such as marl or sediment stirred up by
motor boats are likely causes for decreased summer transparency.

Lake Tombeau has variable water clarity with secchi depths ranging from 4.3 to 10.5 feet. Water
transparency appears to decrease as the summer progresses. Nevertheless, Lake Tombeau’s
transparency is better than average for southeastern Wisconsin lakes (slightly more than 3 feet).
Lake Tombeau’s decreased summer transparency is likely related to algal blooms as suggested by
higher chlorophyll a concentrations.

4.5.2.7 Chloride and Specific Conductance

Under natural conditions, chloride concentrations in natural surface water in Wisconsin should be
quite low. For example, in sparsely populated northern Wisconsin, median lake-water chloride
concentrations are between 1 and 2 mg/l. The presence of high chloride levels usually is accountable
to human pollutants like road salt, fertilizers (potash), septic system effluent, and animal wastes.
Septic effluent commonly contains 50 to 100 mg/I chloride (Shaw, et al., 1994).

Southeastern Wisconsin is home to extensive agriculture and large numbers of people. Additionally,
bedrock aquifers in some portions of southeastern Wisconsin have brackish water. Therefore, lakes
in southeastern Wisconsin typically contain more chlorides than other parts of the state. Median
chloride concentration of 61 southeastern Wisconsin lakes is 16 mg/I (Lillie and Mason, 1983).

Chloride concentrations are similar in both lakes (between 40 and 60 mg/l). Lake Benedict exhibits
somewhat higher chloride levels, potentially due to its longer water residence time. Lake Benedict’s
chloride concentrations have risen more than six-fold since the 1960s, and are now higher than
average for southeastern Wisconsin. Lake Tombeau’s chloride concentrations have more than
doubled since the 1960s, and are again appreciably higher than the regional average. High chloride
values are likely a result of the large number of residences and intense agriculture in the watershed.

Specific conductance is related to the amount of dissolved solids in lake water. Lakes with high
conductivity readings are often eutrophic. Septic effluent, agricultural waste, and fertilizers are
common human-related pollutants that can cause high conductivity readings. Chlorides are common
components of both septic effluent and fertilizer contributing to higher specific conductance.
Conductivity readings are commonly twice the alkalinity levels (Shaw, et al., 1994).
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4.5.2.8 Trophic Status

Total phosphorus, chlorophyll a, and secchi disk depths are used to classify the trophic state of a
lake. A trophic state is an indicator of water quality. The SEWRPC took all available data and
charted trophic status for both lakes (SEWRPC, 2001). A copy of this chart can be found in
Appendix B. Both lakes are primarily mesotrophic lakes. Mesotrophic lakes commonly have anoxic
hypolimnia, good fisheries, and after can experience algal blooms. Lake Tombeau’s water quality
typically characterizes it as a eutrophic lake during mid-summer. Eutrophic lakes typically have
poor water clarity, are nutrient laden, and typically experience vexing management issues. Wide
swings in oxygen concentrations are common, and oxygen concentrations can decrease to below
levels needed to support desirable fish communities. Excessive planktonic algal populations impede
growth of desirable rooted aquatic macrophyte communities.

4.6 Tombeau Outlet Channel and Water Level Control Dam Information

4.6.1 History and Design of Existing Dam

The channel of the East Branch of Nippersink Creek downstream of Lake Tombeau was deepened and
straightened as part of the filling and construction work completed when the Nippersink Lodge was built. To
maintain “normal” water levels in the lake, a low dam was built (Railroad Commission of Wisconsin, 1931).
This outlet dam regulating water levels on both Lakes Benedict and Tombeau was constructed during 1921
or 1922 by the original owner of the Nippersink Lodge (Koehn, 1950). This dam will be referred to as the
“Tombeau Dam.” Before the Tombeau Dam was built during the early 1920s, a dam existed in the channel
connecting Lake Tombeau and Lake Benedict, regulating the water level of Lake Benedict alone (Steinmetz,
1950). Unusually, the water level that the Tombeau Dam was supposed to maintain was not specified for
over 40 years, other than maintaining “normal” water level. During 1965, the Public Service Commission of
Wisconsin specified that the dam should maintain a water level of 87.20 feet relative to a benchmark on an
abutment to a timber bridge 300 feet upstream of the dam (Purucker, 1965). According to available records,
this water level equates to approximately 826 feet above msl. Later records suggest that the water level
could be lowered to approximately 823 feet above mean sea level by removing stoplogs. However, the state
re-emphasized the importance of maintaining the 826 feet msl water level (Brick, 1972).

The Wisconsin Bureau of Water and Shoreland Management expressed concern regarding the integrity of the
Tombeau dam during 1973. Available documents state that the dam was “out” later the same year, and that
water levels were being maintained by a sheet of plywood in front of a culvert 300 feet upstream of the dam
site. Water was described as flowing around and other the dam abutments (Bureau of Water and Shoreland
Management, 1973). These findings resulted in issuance of a dam replacement order during late August,
1973 (Brick, 1973). A flurry of correspondence to and from residents of both Lake Tombeau and Lake
Benedict reveal they were quite upset with the low lake levels and lack of progress on water level restoration.
A memo states that the low water levels noted by residents were about 1 foot lower than the state-mandated
water level of 826 feet msl, and that the channel conditions could allow water level to decrease another foot
(Roden, 1973).

During early 1974, a plan for a sheet-piling dam was submitted to the WDNR (Lipschultz, 1974). The
sketch and plans call for a dam approximately 40 feet wide located a short distance upstream of the then
existing dam. The dam was to be constructed of 10 foot lengths of steel sheet piling, driven 7 feet into the
channel bottom. The sections of sheet piling were to be tied together on the upper end, with two 4-foot
operable gates. The Bureau of Water and Shoreland Management stated that the general design sounded
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feasible, but suggested that geotechnical information be collected to determine the dam’s resistance to
overturning. This letter also suggested that plans be prepared by a professional engineer (Brick, 1974a).

Mr. Lipschultz wrote a letter to the WDNR during February 1974 explaining the small amount of funds
available to repair the Tombeau Dam, and assuring that the method outlined in his January letter were
acceptable to engineers and contractors with whom he had spoken (Lipschultz, 1974b). In this letter he also
stated that dam overturning would not be an issue since they were driving the sheet piling into “solid soil”,
and stone would be placed on both sides of the dam. Lastly, Mr. Lipschultz provided information regarding
the material properties of the sheet piling and asked for approval for construction. The WDNR re-
emphasized the importance of appropriate design, but offered an option for a 10-year performance bond as
opposed to having a professional engineer design the structure (Brick, 1974). Mr. Lipschultz immediately
retorted to this letter with two more letters, letters demanding an immediate approval without further ado,
since a contract to repair the dam had already been signed. A series of letters was subsequently exchanged
between the WDNR and Mr. Lipschultz regarding maintenance bonding. Apparently, the dam was built
without state authorization and without bonding (Morrissey, 1977). Subsequent inspections note that the
dam was constructed during 1974 using 12- or 14-foot long piles. Water levels were noted to be lower than
“normal”, but this fact was potentially attributed to drought. The dam itself is described as “rebuilt recently
and is structurally adequate” (Nestingen, 1977).

The January 1974 Lipschultz letter design sounds remarkably similar to the dam now at the site and, in the
absence of additional information, should be considered the design actually installed during 1974 with the
possible exception of the vertical length of the pilings used. A copy of this letter and sketch are included in
Appendix C.

Since the dam was reconstructed during 1974, the left (east) abutment had failed and has been adequately
repaired on at least one occasion (Sturtevant, 1995). Mr. Sturtevant mentioned that because of the (poor)
nature of the soils in the embankment, the dam should be monitored, and all brush removed. The east side of
the dam is described as “washed out” during 1999, with upstream lake levels 1 foot lower than normal
(Austin, 1999). The WDNR subsequently issued a repair order to the owners of the dam (Pilarski, 2000),
leading to the current study. The Lake District contracted a surveyor to define the dam site and other
information (Bolender, 2001). This survey determined the following:

A The sheet piling dam is approximately 44 feet wide.

A The length of the dam within the creek banks is approximately 20 feet, with the remainder
extending into floodplain areas.

A The dam is positioned near the center of a rectangular parcel measuring 56 feet

(approximately perpendicular to the creek) by 20 feet.
A copy of the survey is included in Appendix D.

The WDNR staff currently managing the dam repair/replacement order expressed the following opinions
regarding why the dam is failing (Hereng, 2003).

A Sheet piling is bending and/or tipping when the dam is overtopped.

A Original energy dissipating/stabilization zone placed downstream of the dam has been
largely washed out.

A Replacement stone was larger (24 inches to 36 inches), but was placed with smaller stoned.
Smaller stone washed out causing larger stones to move.

A Overbank areas erode when the dam is overtopped.
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The available information is assembled to produce a probable construction schematic for the existing sheet
piling dam (Figure 6). Figure 6 also includes some of the non-design notations from sketches and
correspondence.

4.6.2 Hydrology and Hydraulics

The best source of hydrology and hydraulics information for the Tombeau dam is contained in the federal
flood insurance study covering Walworth County (FEMA, 1983). Relevant portions of the study are
included in Appendix E, while the floodway and flood fringe are delineated on a local topographic map
(Figure 7). The “floodway” is basically the portion of a stream where floodwaters actively flow. The “flood
fringe” are backwater areas, where floodwaters are stored, but do not flow. These areas were mapped by
surveying channel cross sections, completing hydraulic modeling, and interpolating the resultant water level
data over topographic maps between cross sections.

Twenty-one channel cross sections were completed on the East Branch of Nippersink Creek. Twelve cross
sections are upstream of Lake Tombeau, while nine are downstream. To the good fortune of this study, three
cross sections were completed at the study area. Cross-Section J covers the mouth of the creek as it enters
Lake Tombeau. Cross-Section I is completed at the roadway approximately 300 feet upstream from the dam.
Cross-Section H represents the dam and adjacent flood lands. When the Lake Tombeau dam is repaired or
replaced, the final cross section through the dam should not be altered compared to Cross-Section H (FEMA,
1983) to avoid affecting the 100-year flood elevation. Therefore, surveying work before dam replacement
would have to include obtaining cross-section H (from WDNR or FEMA) and comparing it to the surveyed
current cross section at the dam. If cross-section H is altered, a Chapter NR 116, Wisconsin Administrative
Code (NR 116, Wis. Adm. Code) flood study would be required to determine the change in the flood
elevation. Obtaining backwater easements from property owners would be required if a greater than 0.01-
foot increase in the 100-year flood elevation occurred upstream (or downstream) of the property on which
the dam sits.

Several sources of information were located that include hydrologic and hydraulic data for the East Branch
of Nippersink Creek near and at the Tombeau Dam (Table 4). Hydrologic and hydraulic conditions were
studied at the U.S. Highway 12 Bridge just downstream of the Tombeau Dam (SEWRPC, 1970) (DeLeuw,
Cather, & Company, 1960). The WDNR also provided a flood flow estimate (Nereng, 2003).

FEMA (1983) reports 50-, 100-, and 500-year flood flows of 800, 950, and 1400 cfs, respectively. These
values are much higher than the 196 cfs 100-year flood flow determined by the WDNR floodplain analysis
database hydrology tool. The WDNR’s lower flow estimate may be due to inclusion of storage in wetlands
and lakes (Krug et. al., 1992). Older calculations show a 50-year flow of 1925 cfs at the U.S. Highway 12
Bridge. These values may be ignored since the WDNR’s 100-year flow indicates that the 1983 FEMA flood
insurance study hydrology provides conservatively high flow values suitable for design of the dam.

In addition to flood flow information, the FEMA study includes information regarding floodplain width, dam
height, velocity, and other information. Some of this data is included in Table 4. Cross Section “H”, which
is the Tombeau Dam site, shows that the floodway width is 880 feet. This demonstrates that much of the
high water flow of the Lake Tombeau outlet flows in floodway areas, predominantly to the southeast of the
dam site. The cross section shows the dam to be approximately 3.4 feet high, and is completely submerged
by the 50 and 100-year floods (Figure 8). The channel of the East Branch of Nippersink Creek is quite steep
downstream to the U.S. Highway 12 Bridge, descending approximately 5 feet in 650 feet, or at a gradient
equivalent to over 40 feet per mile. The creek descends only 2 feet in the next 1.5 miles.
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5.0 REPLACEMENT DAM DESIGN CONSIDERATIONS

5.1 Dam Replacement or Reconstruction

The new or reconstructed dam at the site of the existing dam will need to be 50 feet long (perpendicular to
flow in Nippersink Creek) with a structural height of approximately 3.5 feet. The spillway crest elevation
will be set to maintain the “normal” water level of Lake Tombeau, which needs to be determined as
discussed in Subsection 4.51, Basin Morphology. The parcel the dam sits on is 65 feet long by 20 wide. The
10-, 50-, and 100-year floods overtop the existing dam by 1, 2, and 3 feet, respectively. The regulatory
floodway is 880 feet wide at the dam (FEMA, 1983). Due to the width of the floodway compared to the dam
and its submergence, the dam has little effect on the water surface profile of the 100-year flood, and so the
dam has only a minor influence on the hydraulic capacity of the floodway. The dam must be designed for
overtopping and care must be taken to avoid erosion on either side of the dam.

The following design, inspection, and planning tasks will be required:

4 Topographic survey of the dam property, a cross section of the floodplain at the dam, and cross
sections of the stream bed and banks at 100, 200, and 300 feet below the dam. Tie elevation
measurements to a third-order USGS elevation benchmark. Attempt to locate and confirm
FEMA reference marks RM-50 and RM-52, shown on map Panels 0135 and 0145, respectively
(FEMA, 1983).

4o When the Lake Tombeau dam is repaired or replaced, the final cross section through the dam
should not be altered compared to Cross-Section H (FEMA, 1983) to avoid affecting the 100-
year flood elevation. Therefore, surveying work before dam replacement would have to include
obtaining cross-section H (from WDNR or FEMA) and comparing it to the surveyed current
cross section at the dam. If Cross-Section H is altered, a Chapter NR 116, Wisconsin
Administrative Code (NR 116, Wis. Adm. Code) flood study would be required to determine the
change in the flood elevation. Obtaining backwater easements from property owners would be
required if a greater than 0.01-foot increase in the 100-year flood elevation occurred upstream
(or downstream) of the property on which the dam sits.

4 Perform scour analysis for design of rip-rap at dam and in the East Branch of Nippersink Creek
for 300 feet downstream of the dam.

4 Prepare plans and specifications for the dam reconstruction meeting the requirements of the
April 19,2000 WDNR Order (Pilarski, 2000) and obtain approval of the design from the
WDNR. Mr. Nereng of the WDNR confirmed that the dam is on the list of “small dams,” less
than 6-foot structural height, so that NR 333, Wis. Adm. Code does not apply. A dam failure
analysis and emergency action plan are typically not required for small dams, and the April 19,
2000 WDNR Order does not call for these.

4 Prepare a project manual, obtain bids from contractors, and prepare the construction contract.

4 Inspect construction and prepare as-built report for submission to the WDNR.

4 Prepare an Inspection, Operations, and Maintenance Plan for the dam.
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Table 5 provides conceptual descriptions, costs, advantages, and disadvantages of various dam construction
options. Maintenance and aesthetic issues are also discussed in Table 5. All options are presented because
the decision on how to proceed involves trade-offs between cost, dam life, and aesthetics that need to be
evaluated by the dam owner in consultation with other stake holders.

5.2 Stabilization of Nippersink Creek downstream of Dam.

The WDNR has indicated that the steeper portion of the East Branch Nippersink Creek, for up to 150 to 200
feet downstream of the dam, may need stabilization to prevent erosion. The scope of this potential problem
needs to be further investigated. Table 5 provides a conceptual description and preliminary cost estimate for
this work.

5.3 Water Quality Enhancement

As was discussed in Subsection 4.5.2, ample data exist demonstrating that much of Lake Tombeau’s water
volume does not contain sufficient concentrations of oxygen to support desirable aquatic life through much
of the summer. Low oxygen concentrations promote release of critical plant nutrients from bottom
sediments, a situation exacerbating the nuisance growth of algae and rooted aquatic vegetation. The outlet
dam can incorporate design features to lessen the severity and extent of the anoxic bottom waters. A simple
weir outlet, such as now exists at the terminus of the outlet channel, allows excess lake water to be drawn
from the lake’s surface. Surface water is well oxygenated, and is the water most conducive to desirable to
aquatic life in Lake Tombeau. Water does not need to be released from the lake’s surface, and instead can be
drawn from depth. A draft tube can extend to a critical depth, allowing excess lake water to be drawn from
colder, deeper, less oxygenated areas of Lake Tombeau. This would reduce the volume of anoxic bottom
hypolimnetic water, especially during seasons of high precipitation and baseflow. The water would be re-
aerated as it cascades over the outlet dam. Reducing the volume and extent of oxygen-deficient waters in
Lake Tombeau should reduce internal phosphorus cycling, and in overall terms should reduce phosphorus
loading to water bodies downstream of Lake Tombeau.

The approximately 1050-foot bottom draft tube would run from the 25-foot bathymetric contour, near the
bottom of Lake Tombeau, to the dam following the outlet channel. In warmer weather, it would draw the
water with low dissolved oxygen concentrations and lower temperatures from the bottom of Lake Tombeau,
allowing water with higher dissolved oxygen concentrations to reach the lake bottom. The water from near
the lake bottom would flow through the bottom draft tube to a control structure at the dam, where the rate of
flow could be controlled via a hand wheel and gate valve. The dissolved oxygen concentration in the lake-
bottom water would have to be increased before discharging it to the East Branch Nippersink Creek. To
accomplish this, the water would flow over a weir that would distribute it in a thin sheet onto a steep slope of
concrete-stabilized stones on the downstream side of the dam. The water would be aerated as it trickles over
the stones due to the water turbulence and high air-to-water surface area. The WDNR will likely require that
the effectiveness of this aeration structure be field confirmed. During wintertime or as needed, the flow
through the bottom draw pipe can be discontinued. In this case, water in the outlet channel would overflow
at the dam, as currently occurs.

The deeper portions of Lake Tombeau could also be oxygenated by direct acration/induced circulation.
Direct aeration of Lake Tombeau would involve installing air diffusers on the lake bottom, connected via
tubing to compressors on shore. The diffusers would release fine air bubbles that make the lake water less
dense, causing it to rise, creating whole-lake circulation. If the aeration system is adequately sized, the lake
will turnover, bringing water with high dissolved oxygen concentrations from near the lake surface to the
lake bottom. Some oxygen would also directly dissolve into the lake water from the air bubbles released by
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the diffusers. The overall effect is a lake that is well mixed with adequate dissolved oxygen present from top
to bottom. The aeration system would only have to be operated when the lake is stratified from late spring to
fall.

Northern Environmental has briefly discussed the regulatory feasibility of both these options with WDNR
staff (Bunk, 2003). The WDNR has concerns regarding implementing either option, but will consider both.
The primary concern regarding the bottom-draw dam is its effect on flora and fauna in areas downstream of
the dam site. The WDNR is also rightfully concerned about the true effectiveness of in-late aeration.
Aeration does not effectively improve water quality in all lakes. Indeed, in some lakes, it can lead to transfer
of nutrients from the lake bottom, which in turn can worsen nuisance aquatic plant and algae problems.

Both the bottom-draw draft tube and in-lake aeration systems require that piping and other structures be
placed in the lake. State law (Wisconsin Statutes Chapter 30.12 [Wis. Stats 30.12]) closely regulates the
installation of structures on the beds of lakes and rivers. A permit may be granted for installation of such
structures if the structure does not:

A Materially obstruct navigation
A Reduce the effective flow capacity of a stream
A Produce a detriment to public interest

5.4 Funding Options

Additional water quality information for Lake Tombeau is required to determine the applicability and
success of a bottom-draw pipe or lake aeration system. The Lake District should consider applying for a
Lake Management Planning Grant to help fund the collection of such data. Collection of additional
information specific to Lake Tombeau, such as detailed oxygen and nutrient profiles, sediment composition,
and aquatic plant species abundance and distribution, could enhance management of Lake Tombeau and
could be funded by the same grant.

At least three potential funding sources are available to the Lake District for the construction of a new dam
and water quality enhancement. Installation of a bottom-draw pipe or lake aeration will help improve water
quality of both Tombeau Lake and Nippersink Creek; therefore, the Lake District should be eligible for
funding through a lake improvement category of the Lake Protection and Classification Grant Program
administered by the WDNR. Construction of the dam could be financed by a low interest loan through the
State Trust Fund Loan Program that is available to all municipalities, including lake districts, metropolitan
sewerage districts, and town sanitary districts. The U.S. Army Corp of Engineers (USACE) offers a grant for
aquatic ecosystem restoration for which the Lake District may be eligible. The USACE grant provides a 65
percent federal cost share for projects that improve aquatic habitat. More information about these funding
sources can be found in Table 6. No funding is currently available though the Dam Maintenance, Repair,
Modification, and Removal Grant administered by the WDNR, but this grant should be watched for future
funding.

The wetlands surrounding Lakes Benedict and Tombeau provide habitat for waterfowl and spawning fish,
and also act to protect the water quality of the lakes. As a result, the Lake District may also be eligible to
apply for funding from the wetland restoration category of the Lake Protection and Classification Grant
Program administered by the WDNR. Without the outlet dam, the wetlands upstream of Lake Tombeau on
the East Branch of Nippersink Creek would be dewatered.
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Nippersink Creek has been identified as an outstanding resource in Illinois and is identified as biologically
significant. Because Nippersink Creek is a watershed of the Mississippi River, the reduction in phosphorus
loading to the Nippersink Creek will ultimately reduce phosphorus loading to the Mississippi River and to
the Gulf of Mexico. As a result, federal funding may be available for the installation of the bottom draw

pipe.

Several local and national environmental organizations with local chapters work to protect wetlands, streams,
and wildlife habitat. Some organizations may be interested in working with the Lake District, and they may
be a possible source of funding that could benefit the surrounding habitat directly and the lakes indirectly. A
partial list of non-profit organizations and contact information is found below. The McHenry County
Defenders listed below is an Illinois-based group sponsoring work to protect and enhance the Nippersink
Creek watershed.

Wisconsin Wetland Association
D. Strohl, Program Director

222 South Hamilton Street, #1
Madison, Wisconsin 53703

(608) 250-9971

Izaak Walton League of America

Robert Elliker, Wisconsin Division President
5316 Forest Circle North

Stevens Point, Wisconsin 54481

(715) 344-1803

The Nature Conservancy
Post Office Box 1642
Madison, Wisconsin 53701
(608) 251-8140

McHenry County Defenders
124 Cass Street, Suite 3
Woodstock, Illinois 60098
(815) 338-0393

Wisconsin Wildlife Federation
720 St. Croix Street, Suite 101
Prescott, Wisconsin 54021
(715) 262-9279

(800) 897-4161

Wisconsin Waterfowl Association
South Shore Chapter (Racine County)
Chris Eisenman

(262) 639-6216

River Alliance

306 East Wilson Street, #2W
Madison, Wisconsin 53703
(608) 257-2424

Other important resources for the Lake District include volunteers, and donations of services, equipment, and
materials from local citizens and businesses.

6.0 SUMMARY AND RECOMMENDATIONS

The Lake District owns the Tombeau outlet dam, and has been ordered by the WDNR to repair or replace
this structure. To assure long-term satisfaction with their decision, the Lake District must consider the needs
and desires of those affected by dam replacement. This includes residents of the Lake Benedict/Tombeau
area and those downstream of the dam. Important factors to consider when considering a proposition include
life cycle cost (not just the initial capital expenditure), tangential benefits and potential problems, and the
long-term willingness for cooperation and volunteerism.
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Several viable options are available to the Lake District to conform with state law. Northern Environmental
believes that the most prudent course of action is to replace the existing dam with a new sheet piling dam.
The new dam should be covered with quarry stone. The quarry stone will:

A Stabilize and reinforce the downstream side of the dam
A Armor the upstream face of the dam from ice and debris
A Provide a more natural finish

The dam will need to be fitted with an operable gate to allow water levels to be manipulated in the upstream
lakes. The gate can be a simple flashboard arrangement, or could consist of a more expensive, but easier to
operate, handwheel connected to sliding gates. Cost and the need for convenience will control this selection.
In either case, an access catwalk must be constructed to allow safe and easy access to the controls of the gate
structure. The Lake District should poll its constituency to determine what type of dam and outlet structure
is desired by most stakeholders.

Given the available data, we believe that the quality of the aquatic habitat of Lake Tombeau can be
significantly improved if the size of the anoxic hypolimnion can be reduced. With the limited available
information, we believe that a bottom-draw draft tube could achieve help achieve this goal. Unfortunately,
the bottom-draw draft tube will likely cost more than the replacement sheet piling dam itself. On the other
hand, the money saved by installing a sheet piling dam as opposed to a concrete dam would pay for much of
the bottom-draw draft tube. In-lake aeration is another potential option to decrease the size of the anoxic
hypolimnion, but when electricity and maintenance costs are considered, costs are nearly the same as the
bottom-draw draft tube. Since the life-cycle cost of the in lake aeration is essentially equal to the bottom-
draw draft tube, and since in-lake aeration projects have commonly not been successful, we suggest that the
Lake Association seriously consider the bottom-draw draft pipe option. The Lake District must decide if the
additional expense is worth the benefits achieved, and can only do so by polling stakeholders.

Another issue that came to light during the course of this investigation is the uncertainty regarding just what
“normal” water levels are in Lakes Benedict and Tombeau. The FEMA study identifies the crest elevation of
the dam to be 829.5. This is approximately 3.5 feet higher than the state-mandated normal water elevation.
A consensus must be reached regarding what normal water level is, and any revision to mandated water
levels must then be made. If the normal water level requires a weir height differing from the FEMA cross
sections, hydraulic analysis will likely need to be done to determine the revised dam’s height on upstream
and downstream flood elevations.

After the issues listed above have been resolved, focused field studies and dam design may begin. The
component issues of much of this work were described in earlier sections of this report.
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SOIL TYPES NEAR LAKE TOMBEAU

FIGURE 3

WALWORTH/KENQOSHA COUNTIES

LAKE BENEDICT/TOMBEAU LAKE MANAGEMENT DISTRICT
BTLO1—3100—2507 |

PROJECT NUMBER:

SM

ptrs ~ SAND & GRAVEL. GLACIAL AND STREAM DEPOSITS CONSISTING
777777777  PRIMARILY OF SAND & GRAVEL WITH VARYING AMOUNTS OF SILT &
A, /,g,?,{/ CLAY. THESE SEDIMENTS GENERALLY EXHIBIT GOOD BEARING

77777777 CHARACTERISTICS. INCLUDES SOILS OF THE FOLLOWING SOILS: CASCO
71 LOAM , CASCO-RODMAN COMPLEX, FOX LOAM, AND FOX SILT LOAM.

MARSH DEPOSITS . SILT AND MUCK SOILS WITH POOR BEARING
CHARACTERISTICS. INCLUDES THE FOLLOWING SOILS: HOUGHTON
MUCK, AND ROLLIN MUCK.

Hydrologists - Engineers - Geologisfs

1214 West Venture Court, Mequon, Wisconsin

FLOODPLAIN & LOWLAND DEPOSITS . REDEPOSITED SILT AND
CLAY ERODED FROM UPLAND AREAS. THESE SOILS TYPICALLY ARE
UNDERLAIN BY SAND & GRAVEL AT A RELATIVELY SHALLOW DEPTH.
SURFICIAL SILT & CLAY TYPICALLY EXHIBIT POOR FOUNDATION
CHARACTERISTICS. INCLUDES THE FOLLOWING SOIL SOILS:
DRUMMER SILT LOAM, MATHERTON SILT LOAM, NAVAN SILT LOAM,
RADFORD SILT LOAM, AND WALLKILLSILT LOAM.
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SOIL INFORMATION FROM THE UNITED STATES DEPARTMENT OF AGRICULTURE
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TEST BORING LOGS
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Hydrologists - Engineers - Geologists

1214 West Venture Court, Mequon, Wisconsin

LAKE VOLUME vs. DEPTH

A LAKES BENEDICT & TOMBEAU

Phone: 800-776-7140  Fox 262—241-8222

MO A eI 8 LITOE R TouR LAKE BENEDICT/TOMBEAU LAKE MANAGEMENT DISTRICT

CREATION DATE: 08/06/03

DRAWN BY: KAA

REVISION DATE: 08/23/03

THIS DRAWING AND ALL INFORMATION CONTAINED
THEREON IS THE PROPERTY OF NORTHERN
ENVIRONMENTAL INCORPORATED AND SHALL NOT BE
COPIED OR USED EXCEPT FOR THE PURPOSE FOR
WHICH IT IS EXPRESSLY FURNISHED.

WALWORTH/KENOSHA COUNTIES

PROJECT NUMBER: BTLO1-3100-2507 I FIGURE 5

K:\Mequon'Projects\BTL\2507\080603 GRAPHS.dwg, Figure 5, 9/19/2003 11:29:37 AM




2

832.5 MSL DATUM.

CONCRETE DAM, BUILT 1921 OR 1822.
38" WIDE GATE. FALED 1973.

WATER REPORTED TO BE FLOWING
ARQUND RIGHT ABUTMENT

AND UNDER BASE.

FORMER BENCHMARK ELEVATION
93.52 SITE DATUM, APPROXIMATELY
DESCRIBED AS

"A SQUARE CHISELED IN THE TOP
OFf THE RIGHT CONCRETE ABUTMENT -

WALL AT TS DOWNSTREAM END”

RCADWAY WITH CULVERT
(FORMERLY A BRIDGE)

OF LAKE TOMBEAU WAS CREATED

IN THE 1920'S BY STRAIGHTENING
AND DEEPENING A PORTION OF EAST
NIPPERSINK CREEK DOWNSTREAM

OF LAKE TOMBEAL.

LAKE TOMBEAU OUTLET CHANNEL
\THIS LONG NARROW EXTENSION

STEEL SHEET PILING DAM, INSTALLED 1874,
APPROXIMATELY 44' WIDE, APPROXIMATELY 20’
OF THE DAM IS WITHIN THE PERENNIAL STREAM
CHANNEL, WITH THE REMAINDER EXPANDING INTO
ADJACENT FLOOD PLAIN AREAS. CONSTRUCTED
OF 10 TO 14 FOOT LONG PANELS OF 7 GAUGE
SHEET PIUNG. TOP REINFORCED BY WELDING
"L" IRON ACROSS THE TOP MOST PORTION OF
EACH SHEET. TWO 4' WIDE OPERABLE GATES.

3 TO 4 "LOADS™ (30 TO 40 CUBIC YARDS?)

OF STONE PLACED DOWNSTREAM (AND UPSTREAM?)
OF DAM. REPAIR ORDERS ISSUED 2000.

NOTE: THE INFORMATION COMPILED IN
THIS ILLUSTRATION 1S LARGELY DRAWN
FROM SKETCHES AND CORRESPONDENCE
IN WISCONSIN DEPARTMENT OF NATURAL
RESOURCES DAM FILES.

NOT TO SCALE

M

Northerrr Ennvirorirnental/
Hydrologists « Engineers - Geologists

1214 West Venture Court, Mequon, Wisconsin
Phone: 800—776-7140  Fax 262-241-8222

WISCONSIN A  MICHIGAN A [LLINOIS A IOWA

SCHEMATIC OF 1921/1922 &
1974 TOMBEAU OUTLET DAMS
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Table 5 Options for Dam and Related Work

Replacement Dam. The new or reconstructed dam at the site of the existing dam will need to be 50 feet
long (perpendicular to flow in Nippersink Creek) with a structural height of approximately 3.5 feet. The
spillway crest elevation will be set to maintain the normal water level of Lake Tombeau, which needs to be
determined. The parcel the dam sits on is 65 feet long by 20 wide. The 10-, 50-, and 100-year floods
overtop the existing dam by 1, 2, and 3 feet, respectively. The regulatory floodway is 880 feet wide at the
dam (FEMA, 1983). Due to the width of the floodway compared to the dam and its submergence, the dam
has little effect on the water surface profile of the 100-year flood, and so the dam has only a minor influence
on the hydraulic capacity of the floodway. The dam must be designed for overtopping and care must be
taken to avoid erosion on either side of the dam.

All costs below include design, permiiting, bidding, construction inspection, and preparation of the as-built
report and the dam Inspection, Operations, and Maintenance Plan, They also include restoring vegetation on
the access route. The vegetation restoration includes 80 square yards of heavy-duty turf reinforcement mats
for preventing erosion of grass/plants adjacent to the dam. These permanent plastic-mesh mats are laid on
the ground and filled with soil. The roots of grass and plants grow through the plastic mesh. This would
provide stability from flowing floodwaters of Nippersink Creek.

The costs below are estimated; they are not based on actual bids from contractors. They are typical of current
costs based on available information on the dam site.

Description of Alternative Advantages, Disadvantages, and Cost

Repair Existing Dam. This would require shoring up or This is not recommended due to the age of

replacing damaged portions of the sheet piling with new sheet | the existing sheet piling. Due to
piling. mobilization costs, the repair would cost
almost as much as a new sheet-piling dam.

1.2

Earthen Dam, protected with concrete paving or articulated An earthen dam will not fit within the
conerete blocks (ex. Armorflex*) existing property boundaries. A 3.5-foot
high dam in a 20 foot wide (base of dam,
parallel to flow) lot would require 3-foot
run to 1-foot rise (3:1) slopes, which is too
steep for a safe and stable earthen dam.,

1.3

Sheet-Piling Dam, covered with 3-foot angular quarry stone. | Cost: 360,000 to 580,000,
Sheet piling would be driven immediately upstream of the

existing dam at least 12 feet into the ground and would extend
approximately 4 feet above the streambed. The 3-foot quarry | Similar to existing dam, but stabilized with

Minimum expected life: 20 to 25 years

stone would stabilize the sheet piling and surrounding soils. quarry stone. This rock cover is often
Includes installation of mechanical level control gate in considered aesthetically more attractive,
corrugated steel structure and steel catwalk to gate. After Sheet piling can be driven into water
installing the new dam, the old sheet piling would be cutoft 1 | without any temporary dam or water
foot below the level of the existing streambed. diversions. Little or no maintenance is

. .. . . required, except possibly restoring rock to
Purchasing additional property upstream of the existing dam, qu ceptp s g
original position every 1{ to 20 years.

approximately a 10-foot by 65-foot wide strip, would make . .

sheet-piling installation easier. The new sheet piling cannot (Mec};amzzl gate uzjgteeissltgug(t)%re and
easily be installed downstream of the existing dam because catwalk adds $10,000 to 315,000 to cost)
the quarry stones there would have to be cleared first, which
could cause the existing dam to fail, Further field
investigation is required to assess existing obstructions and
avatlable locations for installing new sheet piling.




Table 5 Options for Dam and Related Work

1.4

Concrete Dam. The concrete dam would be shaped like a
broad weir with 2:1 side slopes. It would rest on steel H-
pilings driven into the ground, and would include a sheet
piling cutoff wall. Includes installation of mechanical level
control gate in concrete structure and steel catwalk to gate.

Cost: $120,000 to $160,000,
Minimum expected life: 50 years

Some may consider this option more
aesthetically attractive than option 1.3 —
stone covered sheet piling. Temporary
cofferdams and a diversion channel are
required during concrete installation and
initial curing. These temporary structures
account for approximately 25% of the cost;
they could be avoided by temporarily
reducing the lake water level by 4 to 5 feet.
Little or no maintenance required, inspect
for cracks and repair if needed.

(Mechanical gate in concrete structure and
catwalk adds $15,000 to $20,000 to cost)

Stabilization of East Branch Nippersink Creek downstream of Dam. The WDNR has stated that there is
a slight chance that high gradient portions of the East Branch of Nippersink Creek (an area extending {50 to
200 feet downstream of the dam) may need stabilization to prevent erosion. The scope of this potential
problem needs to be further investigated. Installation of 24-inch rip-rap on each bank of Nippersink Creek
for 200-feet downstream of the dam, 10 to 15 feet wide on each bank, would cost $17,000 0 $23,000. The
actual amount of erosion control work needed could be considerably less, so these costs should be the

maximum potential cost.

Improving Summertime Water Quality in Lake Tombeau. The options below would reduce the volume
of anoxic water in Tombeau Lake during summer months. This would in turn lessen internal phosphorus
loading and improve and enlarge habitat required to promote desirable aquatic plants and animals.

Description of Alternative

Advantages, Disadvantages, and Cost

3.1

Bottom-Draw Pipe. The colder bottom waters of Lake
Tombeau do not circulate in summer, do not contact the
atmosphere, and consequently become oxygen deficient. In
this option, water would be drawn from a deep portion of the
lake, releasing some of this non-circulating water volume
downstream. This water would then be replaced by
oxygenated surface water moving downward. In contrast, the
existing dam skims the warmer, oxygenated water from the
lake’s surface, leaving colder oxygen deficient water in place

To construct the bottom draw draft tube, a weighted pipe
could be set on the take bottom, extending from a deep
portion of Lake Tombeau, along the outlet channel, to the
dam (approximately 1,050 feet). An 18-inch diameter pipe
would be required to carry the anticipated base flow (up to 2
cubic feet per second) with only 6-inch of friction head loss.
This would leave 3-feet of water head to aerate the water by
cascading it in a thin layer over rocks downstream of the dam,
preventing low dissolved oxygen downstream in Nippersink
Creek. A flow control structure would also be installed on
this pipe at the dam. The concrete weights would be 1100
pounds on 15-foot centers.

Cost; $110,000 - $130,000 for a system
with piping placed directly on the
lake/channel bottom. If extensive permit
negotiation and/or piping burial is required,
costs would be substantially higher. The
WDNR will also require evaluation of lake
and stream conditions. The cost presented
above does not include testing and studies.
At a minimum, the WDNR will require that
downstream portions of the East Branch of
Nippersink Creek be evaluated to help
assure that biota are not adversely affected.

Minimum Expected Life: 50 years

Very few mechanical parts. No energy
input required. Flow though bottom draw
pipe would have to be turned on and off in
the spring and fall. Ifthe pipe is not buried,
it may pose a hazard to navigation in
shallow areas.




Table 5 Options for Dam and Related Work

State law inhibits laying pipe directly on the lake and/or
channel bottorn, At best, exemptions and permits will need to
be procured to allow installation. These permits could be
difficult to acquire, and could require partial burial in the lake
and/or channel bottom. Piping burial would complicate
installation and substantially raise construction cost.

32

Aerate Lake During Summer, Lakes can be aerated to disrupt
stratification, and help assure that most of the lake contains
oxygenated water. Aeration commonly involves emitting
compressed air at the lake bottom. The compressed air
induces lake circulation, allowing most of the lake’s volume
to come in contact with the atmosphere, where the lake water
becomes oxygenated.

Compressors would be installed on shore; 1.1-inch outer
diameter tubing would run from shore to diffuser locations on
the lake bottom. The preliminary estimate indicates that
three, less than |-horsepower compressors installed at three
locations on shore and 12 air stations (with four diffuser heads
each) distributed over the lake bottom would provide one
“lake turnover” per day, de-stratifying the lake.

Lake aeration was recently installed at Little Green Lake,
Green Lake County. Lake Emily, Dodge County, also has
lake aeration installed. As with a bottom draw pipe, state law
inhibits laying piping or aerators on the lake bed. At best,
exemptions and permits will need to be procured to allow
installation. These permits could be difficult to acquire, ard
could require partial burial of structures in the lake bottom.
Burial would complicate installation and substantially raise
construction cost.

Lake aeration is not suitable in all lakes. In some instances, it
can induce undesirable transfer or nutrients to the surface,
causing algal blooms. Factors that would influence the
potential for success of aeration at Lake Tombeau should be
examined before a system is installed. The WDNR will likely
require such a study before approving installation of an
aeration system. ’

Present worth of cost to maintain and
replace for 60-years operation: $70,000 to
$150,000 (depending on actual capital costs,
maintenance costs, interest rate, and
equipment life.) This assumes that all
submersed equipment can be lie on the
surface of the lakebed.

Initial Cost $30,000 to $50,000. If portions
of the submersed equipment require
difficult permit negotiation and/or burial,
costs would be substantially higher.
Electrical cost would be $75 to $125 per
month when operating (late spring to fall).

Compressors must be located on shorefront
property, within about 100 to 200 feet of
shore. They are reportedly quiet — about 45
decibels outside the cabinet supplied with
them.

Compressors will require periodic
maintenance {1 - 2 times per year). Wind
and waves may displace the tubing and
diffusers; they commeonly also clog. The
diffusers have perforated flexible
membranes that are reportedly self- )
cleaning. However, they may need to be
periodicatly replaced (every 10 to 20 years
at a cost of $5,000 to $10,000).




Table 6 Potential Funding Sources

Program Founding Source Eligible Projects Funds Available Funding Term Application Contact
Deadline
Lake Protection Grant WDNR A Lake improvement and restoration A 75% reimbursement of project costs, up May 1* of each year | Heidi Bunk
projects, such as pollution prevention, to $200,000 Lake Coordinator
aeration, and wetland restoration 4 25% cost share amounts acceptable in (414) 229-0819
form of cash, funds from third party,
don_ated labor, services, materials, or Mary Elten Franson
equipment Environmental Grants Specialist
(414) 263-8569
Lake Management WDNR 4 Small-scale projects: 4 Up to 33,000 for small-scale projects February 1% and Heidi Bunk

Planning Grant

- Studies and assessments needed to
update existing management plans

- for expanding monitoring.
A Large-scale projects

- Collecting physical, chemical, and
biological data

- Developing management and
implementation plans for lake
protection and rehabilttation

4 Up to $10,000 for large-scale projects
4 State will provide up to 75% of project
costs

4 25% cost-share amounts acceptable in
forms of cash, funds from third-party,
donated services, materials, or equipment

August 1% of each
year

Lake Coordinator
(414) 229-0819

Mary Ellen Franson
Environmental Grants Specialist

(414) 263-8569

State Trust Fund Loan
Program

Board of Commissioners
of Public Lands

4 Dam removal, construction

A Up to §5,000,000 per calendar year

A No curmnulative limit on amount of loans
that may be obtained

A Loan terms up to 20 years

A Interest rate may change
due to market conditions
and availability of funds,

but loan rate 1s guaranteed

for life of loan

None

Coletta DeMuth
or Bruce Vande Zande
{608) 267-2787

Aquatic Ecosystem
Restoration — Sec 200

U.S. Army Corp of
Engineers

A Restoration, improvement, or
protection of aquatic habitat for plants,
fish, and wildlife

A 65% of costs covered by federal
government

4 35% of costs covered by non-federal
sponsor {public agency)

4 55 million maximum per project

None

Tom Crump, USAEC
(651) 290-5284
thomas.l.crump@usac.army.mi!
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WELL CONSTRUCTOR REPORTS
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11, MISCELLANEOUS DATA — - . E 7 £ above
Yield test: ’C’}"/L Hrs. at /-’ ) gem | Wellas wrminated /-‘ A R final gra.
. I il e - i LT S
Depth from surface to normal water level I3 fr, | el disinfected upon comolation /

Depth to water level when pumping

Well waiad watertight upon completion

Water sample sent to

¢ )) {4‘: {,lLlL',_"q

-

taberatory on: C/.f' ) .

%) 19 5

. . . ‘ 7 ’
Your opinion concerning ether pellution hazards, informaticen concesming difficulties encountered, and data relating todearby wells, scroans, gp
tvpe of casing joints, mathod of fintshing the well amount of cement used 1n groutng. blasting, sub su-face pumproonty, acerss pits, ate. show
be givan on revarse side.

SIGN A IURY o T RN VRPN T CoTTm T
- - i —— v .

, g . ;. . . R ) S

h -, [/; ~ / ‘ // . ' ,,/ / , '}f

& FAIRTT i Ny /_, Ry Ragistored 540 Drillar “ e A T m e

o / Flogse do net wnte m space below ’

CONORM TEST RESULS GAs T GOSN TR CONTIRYG D REM AR RS

SEV. 311

|
i
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State of Bisconn NOTE: WEL, (‘O\STRU(“]()R S RE !‘ORT

Departinent of Natazal Resous ces

o Mhite Cogsy < Do’ Copy Fotm 3300 Rev. 12
‘ Hn\”\ a2 Green e KR Dotles s Copy
Madison, Wiscenan 5375+ Yellow Capy - Owner L opy
COUNTY - v (7(/ CRECK 0N . _ \.mw o : ; ;r'
v LA L2 Tawn . . Village . iCely z( Fal) LL /L (
S;‘cl_‘;nn Tm\;nmu LRI LN DWNFR ,- AGENT ATyME OF DRILLING f'HECK A,
2 -t 1.
2w A s ) / -
2 LOCATION LAY s A . 21 ‘ “‘ f‘tc;fv"/ / R R I L
ORT T G OF Ntreer N Ntpeer Mo ADDRESS ’
Y/Y D R
3] il e suldivisen e, bor & ik S sy e : A Y :
ER g [ -
. __ ‘ J;/ . [ /“/‘:,\-j S LAV
4 Distaace in reet foorn wely LERPRAIS PR Rt rinagy Trege [ TER TR ("'“‘“‘" . el B e e BN
U nearest: (e e . T o S G e Do Sagses g ' Vb oo e
ALy g g e \_f - B
LT 7 v

".‘"c.c,:,sl.“"r i ULy R aage D et e I
T

KA, STomy TR Seerpge it

Setpgge Bt

Gaaiye Tt

Priyy Det Do pp— —
DORLI - w, .
(a7t WYl [ 13
Pumn .
e SN
Toinpeyany Woatert o e T e P T T
Manure Llgnd Y4 ararg
Stac= Tank
R S S

S.owellisintended o supply water fors

& DRILLHOLE

A -2
n“{u" remn et ) f D ' o Surtase ~
vl Surface e | | cowe s
ST posurfaee o _ B ‘ e e !
7 e e ! S e -
c/ 0 e I T e -y PN
7. CASING\LINER CURBING AND SCRHEN R ’{, ) ’ T
) ateriad, Mo Specttication S / o - 4y
adia] ok \lumd <7 Asegmbly bromt HERTER [ N ' ( £ < C
T - s ~ : .
. : W
I e . e {
(/ ,{){"414- // _\_\,(-— £17 Surfaw [ 6 p T N
JRTRTER R ¢ S ot . {-.,. - . -
;” .
T N N e,
e AS T S QL i )
;,
) LJ. )‘((é({L ,\(/ . N ’
;o s
- i [V -/ ’ e -
-,’] X / Shece TR “ e i : a
LY PR O DRIUING MACTINF UNED
Rorary-h g
N . S AR LR 1M —--
B GROUT OR OUHER SENLING MATERIAL Shmed &
- Poreves cre 0 [T coea TU Nty g = Ar
- - -
L, P i vater
vt -‘_:\et( C‘{i u'lv/-- Surface _‘-4‘ < R St
i R A ' ;
' Well cunsiructon completed on ¢ ¢ ")»/J.,'./__'_/_ i 19 f‘
o MISCELLANEOUS DAT A R - : above
N _ s I . ) e - linal grade
CYield Testr .o ,';f/ ) Hre ot So- GPM P Well i rerrunate - inches oo Bebaw BT
Depth fram surface 10 normad s ater level o -1, Welb disinfected apon conrpletnon e
Lepth of water level ., o~ N
when pumping 2 ¢ 1. Stabihized T Yo oo el e gled w atertight uevit completion N
Water sample seni 0 ¢ 4, U AL e Libarators un te T e

Your opinien conger R cther potluien hazards, miarmatan concern T enl e e
fineshiing the well ymount of coment nad wrontmy . Rosteng, e ok e KV onan

teterhoand Jata relaning tooaearhs weils aereriis, e, g e oF

vrae skle,

oe iv’ Sy Raowistered Wall Dndler -
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State of Witconun NOTE: Wk ! -
Department of Natural Resources BLL CONSTRUCTOR'S RFPORT

White Copy Dwvision's Copy Ferpy 2300 -84
) Bax 4511 = Green Capy Driller's Copy Rev 10.-78
) Madian, Wiseonein 23T, Yellew Copy o (haner  Cnpy

L. COUNTY . CHEOUKN 17100\

A lworth ! . . Name SR
an o Tawa { Viliage L Cuy SOOI Lo
> A3 - Y . T .
e :.,.\Cl:\:-. "\—\~4"‘“|h"‘ ‘-.--:.w ] 3ONAMI P OWNER. _JAGENT AT TIME OF DRUILLING CHECK (A e}
3 1T0CATION y T St ALk ho o, morcin
L N . . i ,‘ -~ - .. w' —— .
OR Grid or Nt Leet Sar, Street Name ADDRT S L
o . Tl dandoion
AND avinable satinoronn e, e a SN PAST O L
Chi?a's, :llinois
4+ Dhstance on feet from o well ity ATy B Ty ST Sy e AR TER T U B RV A ey fildg
To nearest: CTIRTR o RPN R S S e e S e - TN . ..
A v AL Lty e, - BERLI . o

RELL A (AL ot Thar nare IR TEE R PR
T SRR L TH — == T S U
{or, ~ ) . et Torae 0 !
Brygys Dat ARSI S S T s S “-.- 7‘-_‘7.--'-.-- -
:‘\l;‘u. . e [ R . ( g T
TerIDOrary, Tt T BE . - TTUT T T
Stamne .
tack i
SooWellisintended o supphy water For: PUOTORMATIONS
& DRILLHOLDE i
. . I s ~ "1 o
_bwudino} Promoa R Evg g o8 v HEEE : - < ~e ot T
1
15 . . i " ‘ -
Av ] Surfaee . " . - e SR
-
T Ty
CASING \LINE GLRBING AXD SCREEN ‘ T
.tlun he \'\ccmu wn
_Diagin) . e Taar
FS Ih L o ’
Gt Surface Bl uj'
R K
\'I-\ =
h .,O s -
e e e - Rt . . ¥ -
»’(V
.
19.k5 g
[UURN S T e e . Iy . :
- - - N - . R s
51T Stainless Steel = v
. # P LYPE OF DRILLING A N
b“n\_}‘ &Creen ! RILLING MACHINE USED
'
S, GROUT OR OTHEFR SEALING MATERIAL . R - N A
Kird Yroempagen A L e A
- . e - 3 vt -
. - Veater
I;,nr-'. TS T "‘1.-.-. o vt —
ILFRE S .,J..C’n....f. u.,f.‘tl Surface o o "
Well conntruction completal on L?-t L . R LR
1. MISCELLANEOUS DATA oo
5 ‘- ) 40 _ . Tl erande
o Yield Test: . A Hre. ar - - GEM TWell i termmnated . mchies L Beliw :
Depth from surface to narmal water Jesvel L it Welb dianles ted apen compiction S
Depth of water level
when pumping o t-r. (SR Solwett wealed woateroght upon conmpletion A N
Water sample <ent to SUELE SE DL laiworatory oo LCT, X 1u

Your opinion concerning uther pollution hasacdssaforamuton conceening dirficuites enconaieeadand datn zelating o nearky wells, swreens, wsals, methad o
finihing the well, wmount of cement used in gronting, hlasbag, voe, shoukd e given on reverse e,

SN U, -




SEIG Sec 24

1. County

2. Location ... __

Name o‘ tlrnﬂ( an

3. Owner {7 or Agent [

' numlwr o{ p vnitlse or ‘-ecuon Tm\ 4] -\nd R;mgo uu bern

WELL CONSTRUCTOR'S REPORT TO WISCONSIN STATE BOARD
See Instructions ot Reverse Side

Hel &
OF HEALTH
Town
__‘hllage oo e e
?Clty ] Check one and give name

Name of inaly Idual, partnership or firm - DH__ TTrTrTroees
- )f\/..
. FRYY
bOMAilAddress e - S22 .
orrplete gl coan Feaired
5. From well to nearest: Building______ Ctosewero. . ft: dreain. {Ur meptic tank.___ S S
dry well or filter bed. .. _ {tabandoned well R & B . - e
6. Weil is intended to supply water for: e e
7. DRILLHOLE: w10 FOR\IA'IIO\
Dia, {la | Fram *fi: A SN TS 70 TRRFTRNS P S Fremoruy Te I “ ind ; Fl?:.:‘ J; t'f:;:‘)
R R e i T S LA Lo e e RIS S
: ‘ I !
D S S D ] ‘
i ; i e U I

3. (‘AQI\G \\D LINER PIPE OR CU I\.BT\C

Dhin, {iml ! Yind z'x! Weipht
i

9. GROU'T;

Rind

11. MISCELLANEOQOUS DATA :
Yield test: ______ . ___
Water-lovel when pumping:

Water sample was sent to the state laboratory at:

SR i T ST S
i
e N S
I : 1
'
| |
H ; I
B P S —

)
I
|
: —— L Tem—
I +
{g . i ! —
fi ey |
v DU !
i N = i :
; |

The well is terminated ___.._______ inches
L2 abeve, below [ the permanent ground surface.

Was the well disinfeeted upon completion ?

Was the well sealed watertight upon completion ?
. q X
"""""" ST O e 10 Yes____.___No..._____
/\ . /
Signature _A-.{.’_';‘:'::ﬂ:-.-f {M__v-::'_“_i:,é_u-;-: ___________________________ = e L
e ‘{M‘c'rrfﬂd Well Drillar e Compieta Mail Addresa
- Tleara A0 nean write In tPAcE Bolaw
& ) = €« mih e
{ 150 11 10ml Wml 10ml 9ml {0m)
A A 2" LNUN V J B |
Amed Gas—24 Brs. o L o
Interprotation - ___ 5&% __________________________ 1 A% hes. L L. e e e
_________________________________________________________ ComfAvm L . .. . e e
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. . WELL CONSTRUCTION REPORT
e WISCONSIN STATE BOARD OF HEALTH A
| WELL DRILLING DIVISION s 2y

/// 5

17 Note: Section 82 of the Wiscongin Well Drilling Sanitary Code, having tho foree and offect of law, f)rovilles that within thirty

days after completion of every well the driller shall submit a report covering all casentlal detaily of construction to the State Board
uf Health on a form provided by the Board.

Owner __Ba@eShinner  _ _ __ _ Duer Qedar_Frusger & 800 o . ..o __
Stveet or RFD. 733 W.64th st.. =~~~ Post Otfice _Burlington, Mia .. . _________
Post Ottice ... Chicago e Date _Jdune. & . __________ Permit No.. 78 __._._
LOCATION OF PREMISES
The square helow represents n acetion of land
falworsh 43 L 6o ne 5( oL o divided into 40 aere tracts. Mnark the position
I O e LR LR R CEET L EPEa e 4 Town 777777 of the premises in the section.
~owee----ooNlppepsink Lodge. , See. .24 __.__
Deseribe further by subdivision, H atrict, Iake, lot.
eeeessescewvOUndy towek U , Twp

bleck, neareat principal Rivhway, ete., whichever apply,. 0 ' PR

Range 18 1¢l

DIAGRAM OF PREMISES

See diseussion and iNustration in Part T Woll Drilliug Code. 1In maxing the diagram in the space below consider 10 ft. as the
diztance between lines.  Be sure to indicate NORTH.

A R E

ALor s powp

Additionni coples of this form may be obtained in lots of 12 for 25¢. Send remitiance with order to State Board of Health, Well
Drilding Divisien, Madison, Wis,



 WELL LOG 4

state the kind
netrated. their thickness
nd if water bearing,

formations pe

P lid
"-‘*——-r—_.,
Total Na

...Xenoshs

Flow
casini-pipe abave grade?

olaren {ndi WELL DIAGRAM
of casing, Tinor"dicnts the kind Yse 2 red line to show casing
s ot finor pipa, s¢ hinck
fleceasorics used. deill or borenoly,
T T ke DT
23456810 12111815 |Penth
8"  Black firc |
YA 4 WL v esr STeel 1
} ]
5" Poatel ausel Drivé i 20
t
Shoe ;
31 - ]
' 58
1§ IO [ To
11 T8
1
4
! oo
kG
H 150
4 _Lso
e
Uiy
at
B
i ;_ .
P | toa
P
i
[ 400
'
'
i
2600
A4
4l 1200
é Draw the dugram 1o soow thne
" right half only
1

Record of
FINAL
Pamping test

Duration of test
Houes __ 1

Pumping rate
G.paL 15

ool pump in

. . - . .
well, Mt o Bajled..

fingr water-level
surfneed

Funo 120

Waler-level when

pumpine FUO18

Wiater,
Clear
Cloudy

Turbid

To  which laboratory  w_.
sample sent?

Waz  the well sealed

completion?

Yes_ XL No

izl did you leave the

H
e

Well was comnpieted
Date 3/28/7¢

Wil Driller




. WELL CONSTRUCTION REPORT =~ =~ 0
_ WISCONSIN STATE BOARD OF HEALTH 0 )
iy b WELL DRILLING DIVISION o
© Nole: Section 32 of the Wisconsin Well Drilling

; . . Sanitary Code, having the force nnd eifect of Inw, provides that within thli‘ty
days uf.cr completion of every well the driller shall submit a repert covering all essential dotails of construction 4o the State Boarl
of Health on n form provided by the Beard.

. Driller _____Q@&“;E_ﬁ_{"}?ﬁ??__é‘_ﬁ?? _____________ —
Street or RFD. 738 W. 64t}

t
Post Chice  vhicago, 111

LOCATION OF PREMISES

Wt The squave below represents a section of land
""?"L‘*_Ol"th __________ B o Bloomfisld divided into 40 aere tructs. Mark the position

s X : . ) A
County Town of the premizea in the section,

X .
See, il

Twp, _Joo._____
"""" Range . 1E P E

DIAGRAM OF PREMISES

von in Part TIT Well Driiting Codn,
sure to indieate NORTH,

In making the diagram in the apace below ennsider 10 i as the

LT o e o
A L LlEvEL

e ' !,qou_&&& : : : A

S/

- ' . e f -
. ™~ ~ ’
S0 T PN _
%o e} ' 2
- . .- ‘\. P . . v . - - o - . . .— - N - . -
NT - SEPTIc TApny o
X 9 Q
\M‘“\\_ N
) A
|.’ ‘
/// :
n"g - . e e L ST e e voetatall]
&
i Additional copies of this form may be obtain-Jd i lots of 17 for 8¢, Bend remittance with order to State Board of Health, Wel
Driliing Division, Madison, Wis.




' WELL LOG

" In this column indicate the kind
- of casing, liner, shoe and other
: actessories used.

WELL DIAGRAM
Use a red line to show easing
or liner pipe. Use black for
drﬁl or borehole.

In this column stale the kind of
farmatione reneteated, their thiekness
in feet nnd if water bearing.

-
\

6" STD. Wt.
Stesl Pipe

Wrot

Drillers 3pecial

6" Postel Steel

Drive shoe

Inchar —-**ISE‘-!;;—'O-"E;—?—_-':---‘AL—#'? oo TRl I T s e e o e | o
23 4568101210181 |Depth
i
| 1o | 18' Sand & Gravel
]
i
i
{ 25
H
N L ]
\
! | 80
61" 43' Blue Hard Dan
%5
a9 258" ¥uddy 3ani
i
e oo am 8' Water bearing |
—~—]an
100 Sand & Gravsl
150
260
400
son
1200

Lrraw toe diagram to show (he
it Ladf only

Record of
FINAL
Pumping toat

Puration of tost
Hours 2

Pusning rate
G.P.M.

Deerth of pump in

well.  Ft. No. pump

Bailed
Standing water-level
{from zurface)

Weiterdjevel when

ne Kt ,‘.‘”‘2

N e emem .
Waler, FEnd of test.

" Yasg

Clenr Lo ..
Cioudy ... ____
Turbid L.

Was the well sterilized?
Yes ... X No ool
To which laboratory w
snmple sent?

..... Kenosha
Date ;/.7/_3_9. .........

Waz  the well sealed
completion?
Yo XL NOocaooooo

How high did you leave {;
casing-pipe apove grade?

14T

Well was completed
Dy ‘3/7/159
ae




PRIV . _
A STATE OF WISCONSIN -

; P DEPARTMENT OF NATURAL RESOQURCE
£ - FORM 3300-15 NOTE B 160

i
YELLOW COPY - OWNER'S COPY

8 WELL CONSTRUCTOR'S REPORT

§ 1. counry i CHECK ONE YT
Walwerth i X T Town ~ Millaga o cay Bloomfiald
2. LOCATION - i Section Section Towndup

s

oI a

S
'..:',{x.. b

_._,

r Ranee 3 OWNER AT TIME OF DRILLING
e LSW D20 N 18R e ke Tavlor | c/o PL Wurts & Assoc,

SOR - Grd or street no ©OStreet name AR Y o
e C e 100 L Madn
CAND -1 svanlable stsdnogeen e Tt X oy e POST O
Nippersink Manor Lot 13 2nd Suby, Lake Geneva, Wise, 33113
g. DISUN'\CE in feet from well 1o nearast: CHUAL NG AN UARY SEWYILFTEw00 AN B NDATION DTS ASTR WATEDR 150
I PCL f TLE P Cooorie ,s&:'.ﬂ.‘.nmx.\:Ec*-:-:r,ait.\'r)m'.l‘.::!‘f:m cLo M
1 i f : .
i 3 ! L i | ! H I =
Teoerd ANwer in apneaneate foae ;9 L ! ! ' : =2 i
CLEAR WATER DIAIN SR 0 TANK PRIVY SEETAGE 7177 7 TONFIELD T THARY T TR T RN SONTD WELL S SKHOIE T

C.L ‘ TILE l i
: | | 50 ptus |
OTHER POLTUTION SOL RCTS  Goe deseription sl s e

U

L5

O nlus

H

o

5. Well 15 intended to supply water for. . -

6. DRILLHOLE {9 FORMATIONS

LD et | Fraes e el IO - R L L, Fram oty e
10 _%urfaci;_‘S 1 . ) top soil ,_,_Su,rface .

° 6 {141 2 sand & gravel 3 23
7. CASING, LINER, CURBING, AND SCREEN LT
_Da ey | Kind and Weign: I R T S ety .28 130
— PR AR & 5 S : ' 130 141

e e e e

6 galv. T/CR & D 19,45, Surface
Y

oungstown ASTM A-389 - ' ‘

—_— — —— e ———— e . e l

B. GROUT OR OTHER SEALING MATERIAL YPE OF DRILLING MACHINE USED
— Kend ) Tet (7 Dureer Rotary { T Y e Aotarsy
driil cuttius Surface ' 13 :-_:: Rotary -~ hammae | _:__1 Jotning woth
e e, T e | wetvdediing mud & oo ' Tlar T

Weli construction c_ompleted on )
11. MISCELLANEQUS DATA

Yield test: < Mg ar +0gpay | Wellis terminated 12 inchaes

3 i isinfact h ¢ let
Qepth rom suface to normal water level 45 g | Well disinfected upon comp S
Depth to water level when pumping 47 £r. | Well saaled watertight upon comptetion

[

Water sample sent to Wisc, State Laboratery of theicne Iaboratorv ont nfq e 33 1977

Your opinion concernimg othar pollution hazards, information concerning difficulties encour terod, and data relating 1o ne
type of casing joints, method of finishing the wel! wmount of cement used in grouting, biast »g, sub-surfage
be given on raverse side,

SIGNATURE .
T - _ - =oey . . . = =
L AN ya fooox 3l Burlington, Wisc., 33103
o e //? ‘,/jj((,-,/-«:if/ Reagistared ¥Wall Driilar
il

Pirasn do not write in space bolow

arby wells, sereens, o,
AUMProoms, aceass pits, ate. shoul

COLIFORM TS TRISULT T 7777 s GAN s RS CuntI DT TR ek T

REV, 3.7




WELL CONSTRUCTOR'3

T Hel 8

REPORT TO WISCONSIN STATE BOARD OF HEALTH

See Instructions on Reverse 8ide

¢

ity

6. Well is intended to supply water for:
7. PRILLHOLE:

10.

QToWn =
Village 7. /54 AL

Y-

Check ans and glve name

—_

7 2. Locati SEC -2 L= e 7
LA . ation RSN S e LT e T U S 4 S - -y
_ﬂ\%@f Name of street and number of premiss or Sectlop, Ton: aad Range uumbﬂE:t : E—{V ED
R
e L R R
a0 3. Owner Mlor Agent R A I AR S el ;J-:':_C,.*E_;‘_f‘—_;‘q_..______,___-_...._ Y. iy AR
ﬁ E g - D Nae of Indw:dunl. :-m—t?wrshlr\ or firm MA' .{-4‘}. 39‘5—'{-
': 3; — .. P -‘ —— ' . .
i 4o Mall Address ML/ G S Y s LENVIRONMENT AL
Conyfiete addreas required S A AT TATI ON
y X , . 0
5. From well to noarest: Building . $7__ ¥ sower. . __ Siidradne L ft: septic tank. &2 -ftr
dry well or filter bed._"£ ft: abandoned well . __ L

FORMATIONS:

SLAY  SLCRR Y
> —

|

Dha {ioa i Fram e 1 Ta i) } Qi tiny o+ From ey To ey 1 Kind : F:?:T F KF&
) — s : . [ i
- I . 1 -~ . ! + )L v e o : t - -
j e D & B C‘if <o L f o l, &
; : H ; ; T o J s !
. ; " | : :l MR T St e a0 A s
-t m— T e —— e — e o o S| _L-‘_"___ A i
&. CASING AND LINER PIPE OR CURBING: n < VY L ! a7 o
nooo s N e
Dl (Gn} i Kind #nd Waight _: From (10 Ta il 31 ‘_"‘{;/“: K /f“;‘. = ",/C,::; - /');9/{/ { '9 P 9’(:
Eav 1 . i o —
- ’ ’ il T . " A I T {
Tl T | O usw g ol Lay | Gor L/ u ¢
T : - it
} B B - . i s . - .
' : ; YOVINATERS X4 vize | S5 IE Y - L
; i i
i
9. GROUT: f!f
Kind From o) | Tafr P
A ; o
= Lo
I

“' A y=y 1] - — .
11. MISCELLANEOUS DATA : (S WL SV A S 19272
et li 7 . - .

5 Yield test: ______& __ Hrs.at __.___ < < GPAL \ The weil is terminated .____.. ____. & 7 inches
Hod o~ ' &2 above, below L] the permanent ground surface.
3’” Depth from surface to water-levei: ___ .~ 2 _ ft. ;

g Ly 1 Was the well disinfected upon completion?

e Water-level when pumping: ____..____. FOVRRE & S T g .

. Yea.  Z7___ No_.______
& Water sample was sent to the siate laboratory at: ! ! ) . )

pi Fer sample SS-;_LT/, - P - Was the well sealed watertight upon completion ?
e Ale 7 on Ll 19 , .

& o o Yes .. Tl _. Noo ...
52

— L T e 1. ; ' :

! - -—Tf e ’ Hre &b { f, - . Ve ,(_' s . B

hi Signature ,iﬁa’!’_’f.rff_m_’_'_'__._(:"_":,-f’:’:-f’..'_':-.ﬁ:—-'_‘«.z.:,r_'_ VURTARE l;g__,'__..{I__l_iai/:_":-:_r‘ _________
L;f{‘ R(‘C{]Sl(‘rt‘d Wel [‘?ﬂur Tlrass o nnt write fn space Melam Ccmpu ? Al ress

;'%* Rec'd o 10ml 10 ml 1% ml i0ml 10 ml
3k B e e AXOue .

# ] Ana'd CGAs—24 heso oo L. . e ecmee-
I |

B Interpretation . ... . A hes. L el . —— ———
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WELL CONSTRUCTOR'S REPORT TO WISCONSIN STATE BOARD OF HEALTK
See Instructions on Reverse Side

o s TOWn E ‘2 - B /,r '."
1. County . _‘_‘_,f.ﬂ.:—-::.u;../.‘- ________________ )‘lelagc {g-.;@-—:,rf_,ri _1_:'.-_‘_“_42;;.’-:-./_‘_ _________
- . L B gl_ty 3 o Check one ut].rd Eive namu
2. Location . .. b{;:’_cx_‘_.h-’_f’-_-__“ SR Z:—,_c/_____/f_’: ___________________
Name of sirest and number 0! premlse or Scction, Town and Range numbers
A /. 7
3. Owner [ or Agent I P N N z.-’f_\; ______________________________________________
\nme of Ind(vidunl, partnership or Arm .
; Ty --f'(‘_ e e, : e
4 Mail Address oo T8 A0 2T Fo L. L R et e o SR S
Complets addreoaa required
5. From well 10 nearest: Building. . _ . ft sewer_____ i drain_ L ft; septic tank_____. o ..
dry well or filter bed_ _____ {t: abandoned well._____ L
6. Well is intended to supply water for: _____.______ e . e i
7. DRILLHOLE: “ 10. FOR\IATIO)«S
Dis §In) | From i) | Telt) JI_Disdleg g From Htry Te ” Kind P.F:T f?‘,f,
1 ' R - R H ~——— -
Lo ¢ 2o g S e ) T 175
i ; i i l S PP .
PSS N RO R N Bvas o el
8. CASING AND LINER PIPE OR CURBING: | - 7T AP 748 |74
Dia, rin | Kind tnd Weight Frem ffL) j To ey i:
! T—— I Py : [ . i - —
v"—. f'_J& -w.‘{g.q/ P ‘{f' < .‘ i |I ;?.r“ - ” e . .
! | i i &"\"UMJ R
i -— ‘]“——*-— I _ _ —
i i II ) '_-‘ : .""-
9. GROUT: ,* Ennvi=taS L
Kind ! From i)t To (fe) iif Ban oo Ny
" ! R - !
it 2L, O s
o o ! | ;{ Construction of the well was completed on:
H ..
| "-’:L v
11. MISCELLANEOUS DATA: e e Ammmwmce 192
i
Yield teat: ______. 2 Hrs.at ..____ = GPM. || The well is terminated .____________ /__ inches
;f [ above, below [J the permanent ground surface,

Wa
Wa

i Was tho well disinfected upon completion ?
ter-level when pumping; ___________ SO (A o

ter sampie was sen: to the state. la woratory at:

—— - " ‘5_‘/: -
o Yes_ . > _ Now.._____
: - L A P , By
Signature . g .o ___ S o . WA U S R N
7 Registered Wall Driller % Cemplete Mait Addross

Tleare do nnt write in soace teiar

i 6ml w0m!  10ml 2ml 1am




WELL CONSTRUCTOR'S

L County Uil Bl pol e RIA

. L Lo -_—,
2. Location .06 S oA A= vy A -

3. Owner ¥ o

4. Mail Address __ 42 A ¢ T VL

5. From well to neareat:

6. Well ig in‘ended to supply water for:
- DRILLIIOLE:

f.x

Lnn et skddrers tequfred

{'Town

e ot Irunldun’

Buiiding _ /,,t-_kt gewor

‘¢

REPORT TO WISCONSIN STATE BOARD OF HL‘ALTH
Se: Instructions on Reverse Side

APR € 153

~ren 3 .5\ NY"'_%_

Check om\ gnd :}lvwnl J s

)] ,
Village o5, S 4L ¢ om
I

4 - YO S S ' RN )1 JPP:

Name ot street ar number of pramise or See. Tn, nnd B numibara

% tnorshlp ar Brm

Jr! L.,'f" v

e E R

o drain. ... _

). FCRMATIONS:

la. (a.} Fiom e - 1 ! )
Q e T T e e . X i F; AR} ; T
2 - ¢ i I b ! i (L
e e _r:"__-_ e o ‘ e, Bash Skl ; Co e
e ‘;' r/ <, i : £ j" & 4 3 I:)lj: ‘ L ! RS i’ - 1.:.\‘ [4
Sl . I S e . ! -
(I P2 R N2 N I
T e T T T F L o ’
e e AL, TR T X R, W A T W
i ' '
i |
8, C-Ahd\{} AND LINER PIPE OR L,U'RBI}G e e e e e
(1‘\-) Kind ' lf‘-.) ; rfL.) : - e E_ o
- i :
: CEHT Er AN B ?
{ ;7 . : i |
| : : 1
i : : |
} H : i
; - T f
.. S _ < — ;
) .
9. GROUT: — i !
o H Ts o )
Elind b Taed RS -~ |
- : - : - . :
SN - AN — e N
: i i
o . i . . o
1] i
- .. SN R — —
i ; ;
i | '
- . —— e e e B B el SO N

11, MISCELLANEOUS DATA:

Yield test: . __ & Hr oar . oo LGP,
-
Depth frors surface to water: ______ el £,

Water-ievel when Pumping: ____ .7t

Water sample sent to iaborstory of

The well is terminated _____/ P inchea
J above. below 77 tha permanent ground surface.

Was the well disinfected upon completion?
Yes__.X . __ No
Was the well senled watertight

uswn completion ?

‘:-— \.f' L A

‘C_,{_V/YVI i

Complote Mali kddrlns
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Figure 1

TROPHIC STATE INDEX FOR BENEDICT LAKE: 1989-1998
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Date

o 1989 —Q— 1990 —@— 159t O 1992 —O— 1593 —#— 1934 —4—1985 O 1996 —O— 1597 —O-— 1595

48D = Secchi-disk depth, see R.A, Lillie, 5. Graham, and P. Rasmussen, “Trophic State index Equations and Regional Predictive
Equations for Wisconsin Lakes,” Research and Management Findings, Wisconsin Department of Natural Resources Pubifcation No.

PUBL-RS5-735 83, May 71983.

Source: Wisconsin Department of Natural Resources, U.5. Geological Survey, and SEWRPC.

Figure 2

TROPHIC STATE iINDEX FOR TOMBEAU LAKE: 1989-1998
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83D = Secchi-disk depth, see R.A. Lillie, S. Graham, and P. Rasmussen, “Trophic State Index Equations and Regional Fredictive
Eguations for Wisconsin Lakes,” Research and Management Findings, Wisconsin Department of Natural Resources Publication No.

PUBL-RS-735 93, May 1993.
Source: Wisconsin Department of Natural Resources, (.S, Geoalogical Survey, and SEWRPC.
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Figure 3

DISSOLVED OXYGEN, TEMPERATURE, pH, AND SPECIFIC
CONDUCTANCE PROFILES FOR BENEDICT LAKE: 1997-1999
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DEPTH, IN METERS

DEPTH, IN METERS

02-10- 97

Figure 4

DISSOLVED OXYGEN, TEMPERATURE, pH, AND SPECIFIC
CONDUCTANCE PROFILES FOR TOMBEAU LAKE: 1987-1999
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APPENDIX C

1974 DAM DESIGN INFORMATION
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M, A, LIPSCHULTZ 214 5. CLINTON 5T. CHICAGO, sd60&8 RANDOLPH &6-7484

Jamary 18, 197}

AN 2§ 97

State of Wisconsin

Department of Natural Resources
Box 450

Madison, Wisconsin 53701

Attention: Mr, Edmund M, Brick, P.E., Chief
Water Regulation Section

Dear Mr; Brick:

I have a copy of your letter of August 28, 1973, addressed
to Mr, Clarence Koehn, and T am enclosing a copy. I am

the chairman of the Water Safety Committee for the
Nippersink Community Club and have become involved in
trying to find the funding for a proper method of reopairing
or rebuilding the dam in question,

Is there any reason why we could not build a new dam

out of steel? We have available to us corrugated seven
gaugs steel of the interlocking tyve, which is designred
specifically for seawalls, We have a man available who
could build a dam LO' wide at the point avoroximately 15'
from the existing dam. At that point the water is less
than 15' wide, The intent is to drive 10' steel
approximately 7' into the ground, tie it together with
heavy steel construction at the top, leaving two L' gates
which can be raised or lowered, as required, and also
locked if necessary. It is intended to unload approximately
3 = I} loads of heavy stone on both sides of the steel
construction,

We do not have a print of this intended construction but
gveryone seems to agree that it will work., 1If this

seems satisfactory to you, we will proceed further with
the negotiations and will be glad to give you any further
information you want,

Very truly yours,

™

P -/[".,"i“ A -‘5:%
= ‘:"/-k LEEy N,
M. A, Lipschultz




M. A, LIPSCHULTZ 214 S. CLINTON 5T7. CHICAGQO, 60606 RANDOLPH &6-7484

7
February 20, 197h

Your Ref, 3560-h

E~S067
State of Wisconsin
Devartment of Natural Resources
Box L50
Madison, Wisconsin 53701
Attention: Mr, Edmund M. Brick, P.E., Chief FeB 21 1975

Water Regulation Section
Dear Mr, Brick:

In accordance with your request of February 6éth, we
would like to remind you of the fact that we are having
extreme difficulty in funding this project since we
have been unable to get aid from any of the state or
local governmental agencies. Therefore, every effort
is presently being made to do this reconstruction at
the very lowest possible cost, since all funding will
be on a private basis, Accordingly, we have a minimum
of funds and simply canno% oay for engineering costs,
soil borings, etc., etc.

In private conversations with several engineers and
contractors, we have been assured that the scheme which

T had outlined to you in orevious corresoondence is
practical and workable and the most efficient means of
accomplishing our purpvose. Accordingly, we urgently
request that you waive the requirement of submitting
plans, This request is varticularly made in accordance
with previous telephbone conversations which I have had
with your department, wherein I was advised that the State
does not require svecific olans,

We are assured by our contractor that there will be no

problem in the dam overturning, since it is intended to

drive the steel down intec s2lid soil, Further, the additional
stone on both sides of the steel will nrovide the exira
stabilitv, The steel soecifications are as follows:

Tensile strength 57,800 pounds cer sguare inch

Yield strength 34,5C0 n L " L N
Yield strength in pounds 3,100 Ec“—‘
Maximum load pounds l,9C0 R ) @A
Elongation in 2" is 68 %?J .
Section modulus 2.60 ver cubic foot of wall ?E‘ G
Weight 9,22 ver square foot ?\\\

Weight 13,61 pver lineal foot

Material includes vhesphorous 0263
sulphur ,02)% coover .OLLE




State of Wisconsin
Dept. of Natural Resources
Mr, Edmund M, Brick February 20, 197

We would appreciate it if you would indicate your approval
so that we can proceed immediately,

Very truly yours,

M, A, Lipschultz
MAL : gt
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| sTATE BAR OF WISCONSIN FORM 3 - 1982
QUIT CLAIM DEED

DOCUMENT NO.

Nippersink Country Club LLC

\
quit-claims to _ Lake Benedict - Lake Tombeau Lake

_Managemenp District

the following described real estate in Walwortn County
State of Wisconsin:

County,

Dam #64.23 is located on the East Branch of
Nippersink Creek, down stream of Lake Tombeau.
The dam is adjacent to the park which is located
between Lots 5 and 6 in Lake Tombeau Woods Sec-
tion 24 TINRIBE, Town of Bloomfield, Walworth
County, WI. :

Dam #64.23 is a steel structure controlling

the water level of Lake Tombeau and Lake Benedic

TH!S SPACE RESERVED FOR RECORDING DATA

RAME AND RETURN ADDRESS

Lake Benedict/Lake Tombeau
Management District

P.O. Box 668

Genoa City, Wi 53128

Attn: Mel Gregery

BARCEL IDERTIFICATION HUMBER

This is not homestead property
fis) {is not)
Dated this 5th day of December -001
) 0
. . - 1
Mel Gregorv, Lake District Secratazyseal} Cie-r\ome ¥. ZWOl‘aK o (SEAL)

' __,///;7:/;’ /7 é% ' \Jd[w A’f; W

= —
Richard Anderson, L@ﬁstrict T (SEALY perating Member and Authorized  (SEAL)

CirgrIan 7 v T
iy’ Representative, Ni ink Countr
! ;}?u,fé,«b g Wb\/’/ ‘rqEEL ST sl i ppers 4

T

AUTHENTICATION ACKNOWLEDGMENT
Signaruce(s) State of Wiscensin,
s5.
Walworth County .
authenticated this day of 20 Personaily came beforemethis ____ dayof
20 , the above named

TITLE: MEMBER STATE BAR CF WISCONSIN

{If not,

authorized by §706.06, Wis. Stats.i

instrament and
TH!S INSTRUMENT WAS DRAFTED BY

to ms known (o be the person

who executed the foregoing
acknowledge the same.

Natary Pubiic,

County, Wis.

(Signatures may be authenticated or acknowledged. Both are not My commission is permanent. {if not, state expiration date:

necessary.)

)

o S S N S T U S S T S
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the Southsast Quarter of Seciion 24, Township 1 Morth, Range 1o East of the 4th
Principai Maridian, Town-of Bloamfiald, Waiworth County, Wisconsin, dascribed as
folfows: Cammencing ot the northwasterly corner of Lot'§ of LAKE TOMBEAU  WOODS, o .
subdivision fecatad in the Southeast Quarter of Section 24, Township | North, Range 18
Eost of the 4th Pringipal Maridion, Tews of Bloamfield, Wolworth County. Wisconsin:
thence South 33 dagreas 12 minutas East olong the southwasterly line of said Lot 5 and
said lines southaasterly extension ¢ distonce of 151.40 fael to the point af beginning
of the lond te ba described; thance North 30 degress 35 minutes East paraliel with the
maander lins of said Lot 5 a distance of 20.00 feat; thence South 59 degraes 25

minutes 00 seconds FEost at a right angle te the lest dascribed line 65,00 faat:
thence South 30 degrees 35 minutes West at a right angle to the last dascribed lineg
20.00 faat; thence Nerth 59 degreas 25 minutes OD seconds West at g right angle to the

The parcel ceontains

aof ang part of

fast dascribad /ine 65.00 feat to the point of beginning.
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APPENDIX E

FLOOD INSURANCE STUDY



39U 4O BTV - 2o 2 5077

COUNTY OF WALWORTH [ .

WISCONSIN
UNINCORPORATED AREAS

/\L__f—
L

FEBRUARY 15,1983

W19 Federal Emergency Management Agency

COMMUNITY NUMBER - 550462




A

st

A

g2

L€

vy

§°¢

9'¢

v

87t

Sy
L°€

e adLy

st
31e40d407 BASUSY 9yeT]

{uear|ag 40 A1LD
Buipn|oxa) aeq 834Nl
3B uRAR|3(Q

£2 U0L385
40 A2UA0D 1SeMUTJON

61 U011035
40 43UJ0D 1SIMYINOS
%e7 Ll=d

2 u0L393S
10 J2U40D 3S3MYINOS

21 AemybLy

SN je ‘g UOLOSS
4O 42UA0D 3SOMYINOS

947 LLLW

A Aemybiy Ajuno)

2ye7] owo)

Tsaily) aoueastiq

Sy ajedodado)
A2IBMATLYM 40 ATLD

BUL] AJUN0g yzaomiem
pue Aluno) eysousy

auL| A1uno)
U1J0M]BM puR A3Unojd %20y

Sjiwlg
23e40d.103 ueaeag
aye ] ABUOH 1B Yinoy

SJHuL|
231240du0> 433EMIYLYN

39349 yursaaddLy
ysuedg 1Se3 3 YInol

: sty
mua;oa;ou>uwumocmw

24P ueAriag 3® Uinoy
aje] A2uoy

Y2349 jutrsaaddin
youedq YidoN 1@ YInow

ABALY 2ILYM 1T YINON

W0H4

SLIWIT AQNLS 40 NCILdIYISIC

§324N0S 9INIQ00T4

1 378vl

%33YD Y3ILYMALIHM

YIATY JLIEM

A3347 F1LEnNl

A33¥I NYMS

A33¥D ¥YINS

A00H9 ONIYdS

AYVLNGIHL Y7 7713d

A33YD ANISYISdIN HONVHE HIHON

A3FIYI NOSADVD

A33HD ASNOH

A33¥T ANISHId4IN HONVEE 1SV3

#3343 OWOD

$32¥N0S 9N1000T4 a3IvLdd

324N0S 9NICGOOT4



06 0/ 09 10} 1°'y2 PrOY 2L 2uesea!d JO weaszsdn
05¢ 081 021 0/ 0°L2 37 uol1dag 40 weadsdn
ov9 Stv S/€ 0ge 1°0¢ PEOY BULT ySJey JO wesasqsdp
0SE°1 096 018 00§ £og $3 AemybLy Ajunoj jo weaaysdn
00L°¢ 006°1 066°1 056 0°6h SjiwtT
a1ea0duo) 15ap Aoal 1se3]
008°2 Gh6°1 0£9°1 000°1 0°0¢ g Aemybly Aauno) jo weauisdn
052°€ 006°1 0£5°1 056 8715 ST Aemybly 81e1S jO wesaysdp
00t 2 00£°T 0zZv 1 G/8 0°SS 0Z AemyBiy 2335 30 weadisdn
0062 080°2 OvLT G901 0°85 1¥ Aemybiy a3e3s Jo weauisdp
001°E 0] 2/ 006°1 081°1 0°L9 peoy Yoeq|aH 40 weauysdn
006°¢ 696°1 009°1 016 0°€L ¥y uoL1d3g jo weauisdp
001°¢ 011°2 0LL°1 090°1 06 g Aemybiy A3uno) 3o weaaisdp
p00“€ 0012 06.°1 0p0“ 1 0768 1 uoL123S 40 weaajsd
00E‘E 011 A G86°1 081°1 026 aye1 Aauoy 1o wesuisdn
0se6 0sL 05/ 068 & 26 ¥o849 Jebng 10 weadisdn
006°S 0oLy 0Eb € 0/0°2 27161 Asepunog
AJUN0CT BULDRY-YIAOM| EM
A33YD AINOH
006 009 Q0§ Qs¢ A" d uoL1oasg jo weauisdp
082°1 068 004 0s€ 26 { U0L303S J0 weaalsdy
00b°1 0s6 008 00t 1711 Adeinglal e Li3d
10 @dUan|iucy) 1o weadlsdn
001°2 00P‘1 061°1 009 1°91 %9240 Mulsaaddin
yauedqg uI40oN Jo weauysdn
AJIYT ANISHIdJIN HINWHE LSY3
026 0v9 0£S 02€ AR Z1 Aemybty aie3s 4o weadysdp
096 099 05% ore 091 3 uoL1o3§ 40 weaulsdn
06 09 048 0s¢ L7981 JOALY 33LyM JO weadisdp
A33UD OWOD
yY3A-005 UY3IA-001 4Y¥3A-0S ¥y¥IA-01  (S3LiW "DS) NOILYD01 GNY 32¥N0S 9NIGCOTd

(542) SIoUVHISIA AVY3d

SIGUVHISIR 10 AHYWWNS -

YUy 39¥NIVHd
¢ 118vl

14



0sv 2 SLL°T 09t°1 0vg 0°6¢ pROY SJBMOY JO Wead3sdp

082 020°1 ovb 1 058 2°1§ g Aemybry Ajuno) jo weaulisdn
00£‘2 §59°T 06€°1 ov8 0" %5 peoy saAreabaey jo wesuisdy
piese 0G4°T 0061 0L6 0795 peoy 4313104 40 wead1sdn
08P 2 §8/°1 GEG*T 0001 £°8S e ASUOH 1R Yyinoy

A33YI HYONS

15

ors’ G8¢ 01¢ G91 L€ 0 uoL1d9S Jo wesalsdp
G6T°1 el 08¢ S1E 9701 peoy pue|SI 40 weadlsdp
006°1 016 o€/ G6E 61 SIiWLY B3RA0CA0D) AFIBMBYLYM

A00YE 9NIUdS
05 01 6 I §°1 peoy 2R [i3d 40 weadisdn
0L 08 0f 02 9°1 [ uoL312es jo wesulsdp
Gel 001 08 13 02 Y u0L123% 10 Wweadlsdn
T4 0§t 0cl 09 A peoy Asieq 310 weda3sdn
G/6 059 08§ 00t G'¢ 9 UcL3D3S JO weadlsdn

050°T Q04 009 oge o't %994 JuisaaddLN

youeuaqg 1se3 weasisdp

AQYLNgIdL IHY1 113d
009°1 001°1 058 005 8'¢I [ uoLydes 40 weadlsdn
006°2 006°1 009°1 068 AL peoy Bulj+eq 30 weadysdn

004 P 082°¢ OvL‘e 0£9°1 ¢ 5b s3Lutn

F1e40dU0) YIJON ALY ROUID

A3347 ANISHIdAIN HONYHE HLYON
008°2 008°1 08v°1 GIg 8°9 H femybiy A3uno) $0 weddlsdn
G20°E Gv6°1 009°1 088 9/ H U0L199S 40 weaualsdn
G8v e 0v2‘2 op8*1 010°1 9°6 ) U0L3DaS JO weausdpn
0S¥ G50°¢ 0152 08€°1 1791 e ueAR|3(Q JO weadlsdp

AF3YD NOSAIVC

dy3A-008 d¥3A-001 HYIA-0S HYIA-0T (S33IW _"DS) NOILY307 aNy 324N0S 9DNIC0014

{542} S39YYHISIA H¥3d YAy I9YNIVYEQ
{p3huliuo))

SIDUVHISIC 40 AYYWWNRS - ¢ 378v1



TABLE 3 - MANNING'S "N" VALUES

STREAM CHANNEL OVERBANKS
Como Creek 0.03 to 0.04 0.08 to 0.10
East Branch Nippersink Creek 0.025 to 0.045 0.09 to 0.11
Honey Creek 0.03 to 0.05 0.055 to 0.12
Jackson Creek 0.015 to 0.045 0.07 to 0.085
North Branch Nippersink Creek 0.035 to 0.04 0.09 to 0.11
Pell Lake Tributary 0.04 to 0.09 0.10
Spring Brook _ 0.04 to 0.045 0.07% to 0.09
Sugar Creek 0.035 to 0.04 0.07 to 0.12
Swan Creek 0.045 0.08
Turtle Creek 0.015 to 0.045 0.06 to D0.095
White River 0.035 to 0.04 .06 to 0.12
Whitewater Creek 0.04 to 0.05 0.065 to 0.075

Water-surface elevations were computed using the COE HEC-2 step-
backwater computer program (Reference 13). Flood Profiles were
drawn showing computed water-surface elevation. (Exhibit 1).

The Summary of Elevations for Lakes studied in detail are shown in Table 4.
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STREAM

STARTING WATER SURFACE ELEVATIONS

STARTING WATER SURFACE ELEVATION OBTAINED FROM:

Como Creek

East Branch
Nippersink Creek

Honey Creek

Jackson Creek

North Branch
Nippersink Creek

Pell Lake Tributary

Spring Brook
Sugar Creek
Swan Creek

Turtle Creek
White River

Whitewater Creek

White River flood elevation at confluence*

A Comprehensive Plan for the Fox River Watershed
(Reference 4)

Racine County Flood Insurance Study (Reference 11)
Delavan Lake Flood Stages

East Branch Nippersink Creek 100-year flood
elevation at confluence

East Branch Nippersink Creek 100-year flood elevation
at confluence

City of Whitewater Flood Insurance Study (Reference 7)
Honey Lake Rating Curve

City of Delavan Flood Insurance Study (Reference 16)
Rock County Flood Insurance Study (Reference 12)
Racine County Flood Insurance Study {Reference 11)

City of Whitewater Flood Insurance Study {Reference 7)

*The use of the 10-YEAR Flood Elevation of the White River to start

the backwater calculations for Como Creek is justified due to the

absence of a good downstream control section for a normal depth analysis,
and to the differences in timing of peak discharges.

Numerous small dams were encountered along rivering systems within the

county.

The analysis for each of these dams varied based on the control
head of the structure.

High head structures were analyzed based on

a hand computation of the backwater effects of the control outlets.
tow head structures were assumed to be just restrictive sections.

The hydraulic analyses for this study are based only on the effects of

unobstructed flow.

The flood elevations as shown on the profiles are,

therefore, considered valid only if hydraulic structures, in general,
remain unobstructed and if channel and overbank conditions remain
essentially the same as ascertained during this study.

20
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to certain types of 100-year shallow
flooding where depths are less than 1.0 foot;
and areas subject to 100-year flooding from
sources with drainage areas less than 1
square mile. Zone B is not subdivided.

Zone C: Areas of minimal flooding.

Table 6, "Flooding Insurance Zone Data", summarizes the flood
evaluation differences, FHFs, flood insurance zones, and base
flocd elevations for each flooding source in detail in the
community.

5.4 Flood Insurance Rate Map Description

The Flood Insurance Rate Map for the unincorporated areas of
WaTworth County is, for insurance purposes, the principal result
of the'Flood Insurance Study. This map (published separately)
contains the official delineation of flood insurance zones and
base flood elevation lines. Base flood elevation lines show

the locations of the expected whole-foot water-surface elevations
of the base (100-year) flood. This map is developed in
accordance with the latest flood insurance map preparation
guidelines published by the FEMA,

6.0 OTHER STUBIES

Except for two minor exceptions, the Flood Insurance Studies

for the communities of Delevan, East Troy, Whitewater, Lake
Geneva, Racine County, Rock County, Jefferson County, Kenosha
County, and Waukesha County, Wisconsin, and Boone and McHenry
Counties, Illinois, are in complete agreement with this study.
These exceptions are as follows: Honey Creek, on the Racine-
Walworth County 1ine, and Tombeau Lake, at the Kenosha-Walworth
County Tine. In these situations, the Walworth County study was
generated using detailed methods, therefore, of greater accuracy.
Other studies may have been completed within the county, but were
not in areas of direct comparison.

Southeastern Wisconsin Regional Planning Commission {SEWRPC) has
also published a report “"Comprehensive Plan for the Fox River
Watershed" (Reference 4)}. This Flood Insurance Study either
supersedes or is compatible with all previous studies published
on streams studied in this report and should be considered
authoritative for the purpose of the National Flood Insurance
Program,

A Flood Hazard Boundary Map has been published by the Federal
Insurance Administration (Reference 15}. The differences

between the Flood Hazard Boundary Map and this study are justified
due to the more detailed nature of this Flood Insurance Study.
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7.0

8.0

LOCATION GF DATA

Information concerning the pertinent data used in preparation of

this study can be obtained by contacting the Natural and Technological
Hazards Division, Federal Emergency Management Agency, 300 South
Wacker Drive, Chicago, I1linois 60606.
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APPENDIX F

POTENTIAL AERATOR LAYOUT
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