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FOUR LAKESWATERSHED DIAGNOSTIC STUDY
EXECUTIVE SUMMARY

The Four Lakes, including Cook, Holem, Kreighbaum, and Millpond Lakes, and their 2,865-acre
(1,160-ha) watershed are located south of the Plymouth in Marshall County, Indiana.
Agricultural row crop and pasture dominate the landscape throughout the watershed accounting
for more than 50% of the total cover. Natural landscapes, including forests (19%), wetlands
(4%), and open water (14%) cover 37% of the watershed, while residential land use covers an
additional 11% of the watershed. Most of the residential development is located adjacent to the
lakes.

The distinct geological setting of the Maxinkuckee Moraine in which the lakes and their
watershed lie influences the characteristics of the watershed soils. The watershed' s steep slopes
combined with the till origin of soils increases the potential for soil erosion. Approximately 55%
of the watershed is mapped in a highly erodible or potentially highly erodible soil unit. These
easily eroded soils form much of the shoreline of the Four Lakes chain. These same factors, as
well as a tendency to flood and lack of permeability, limit the functioning of septic systemsin
the watershed. The Natural Resources Conservation Service rates more than 80% of the soils
within the Four Lakes watershed as moderately or severely limited for use as septic system leach
fields.

Holem and Millpond Lakes are characterized as shallow lakes (maximum depth approximately <
30 feet), while Cook and Kreighbaum Lakes possess extensive shallow areas. Shallow lake
researchers suggest that, in theory, shallow lakes exist in one of two forms. clear, with a
dominance of rooted plants or turbid, with a dominance of algae. Kreighbaum and Millpond
Lakes possess some characteristics of the clear, well vegetated form of shallow lakes. They
support healthy, diverse submerged macrophyte communities. These lakes also exhibit moderate
water clarity, relatively low chlorophyll a concentrations, and relatively normal nutrient
concentrations for Indiana lakes. In contrast, Holem Lake supports a less diverse submerged
plant community and relatively high chlorophyll a concentration. This lake aso exhibits
relatively poor clarity in comparison to the other lakes. While this lake is not devoid of
vegetation, it may be on its way toward the turbid, unvegetated state. Additionally, several
nuisance species, including Eurasian water milfoil, curly leaf pondweed, purple loosestrife, reed
canary grass, and giant reed, occur in and around the lakes.

In general, the Four Lakes can be considered moderately to highly productive. Historical data for
Cook Lake suggests that water quality within the lake has declined and that the lake is best
described as eutrophic to hypereutrophic. Data suggests that Holem and Kreighbaum Lakes have
changed somewhat over time, but that there is no exact trend in water quality. Both lakes can be
described as mesotrophic to eutrophic. Mill Pond Lake may best be described as eutrophic to
hypereutrophic as indicated by both historic and current water quality data.

To address the concerns identified in the study, several lake and watershed management
techniques are recommended. These include: completing an aquatic plant management plan;
implementing a biological control program for purple loosestrife; protecting and preserving
watershed wetlands; enrolling row crop agriculture parcels in the Conservation Reserve
Program; implementing individual property owner Best Management Practices; and installing
sewer or alternative wastewater treatment systems around the Four Lakes.
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FOUR LAKESDIAGNOSTIC STUDY
MARSHALL COUNTY, INDIANA

1.0 INTRODUCTION

Cook, Holem, Kreighbaum, and Millpond Lakes, collectively known as the Four Lakes, are part
of a chain of kettle lakes covering more than 460 acres (186.1 ha) within the Yellow River
watershed south of Plymouth, Indiana (Figure 1). The Four Lakes watershed stretches out to the
north, east, and south of the lakes covering approximately 2,865 acres (1,160 ha; Figure 2).
Specifically, the lakes and their watershed are located in Sections 13-16 and 22-24 in Township
33 North, Range 1 East and Sections 18-20 and 30 in Township 33 North, Range 2 East. Water
generally flows east to west from Cook and Holem Lakes to Kreighbaum and Millpond Lakes.
Water from the Four Lakes discharges through Millpond Lake's outlet at the west end of the
chain of lakes to Harry Cool Ditch. Water from Harry Cool Ditch flows northwest before
emptying into Eagle Creek, which combines with the Yellow River east of Knox, Indiana. The
Yellow River transports water to the Kankakee River, which empties into the Illinois River,
ultimately reaching with the Mississippi River in southwestern Illinois.

e, arl | I |
| M, _B 2o | | fisiole

e | TQ S/ T o + i i 1‘I
\ UREEGN | —:4—‘““ g

E ]
: 1_5 e 1] /g Proj ect
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I PP % A =NTEl . et
I | [i!ion_ti‘mwoﬁltg 2;‘; {. ls:lHlDl-(—l,Bu"nak UNJBN ]\ | T:IE GRE\EN
Figure 1. General location of the Cook, Holem Kreighbaum, and Millpond L akes, or Four

L akes, water shed.
Source: Del.orme, 1998. Scale: 1" =approximately 2.5 miles'.
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Figure 2. The Four Lake watershed.
Source: See Appendix A. Scale: 1"=4,000'.

The Four Lakes have historically exhibited moderately good water quality. The lakes water
clarity is generaly better than other lakes in the region. Chlorophyll a concentrations were
generaly better in Holem and Kreighbaum Lakes than lakes in the region; however, historic
chlorophyll a concentrations were generally worse in Cook and Millpond Lakes than other 1akes
in the region. Conversely, all of the lakes contained higher total phosphorus concentrations than
lakes in the region.

Cook and Holem Lakes water quality has changed greatly over time. Historical records from the
past 35 years indicate that Cook Lake's transparency declined from 10.5 feet (3.2 m) to 2.3 feet
(0.7 m) before improving again in 2004. Cook Lake's nutrient levels follow similar patterns
reaching their highest concentrationsin 1995. A plankton bloom and the associated high Trophic
State Index (TSI) score indicates that water quality was generally poor at this time. Since 1995,
water quality has improved in Cook Lake, resulting in the highest water quality observed in the
lake in 35 years. Holem Lake's water quality exhibits nearly the exact opposite pattern of that
observed at Cook Lake. Secchi disk transparency ranged from 8.5 feet (2.6 m) to 11.5 feet (3.5
m) from the 1970 to 1999. Water quality has declined in the last five years resulting in the lowest
transparencies recorded at Holem Lake occurring during this study. Nutrient and chlorophyll a

55JFNew page 2
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concentrations follow a similar pattern; however, current concentrations are lower than those
observed in most Indiana lakes.

Like Cook and Holem Lakes, the water quality of Kreighbaum and Millpond Lakes fluctuated
between sampling events covering the past 35 years. However, water quality within Kreighbaum
and Millpond Lakes during the current study appears to be similar to that observed in the 1970s.
Kreighbaum Lake' s water clarity has declined since the 1970s, but has been consistently greater
than 5.6 feet (1.7 m) which is the regional median (CLP data files, unpublished). Kreighbaum
Lake' s nutrient concentrations have remained relatively normal for Indianalakes over the past 35
years. However, total phosphorus concentrations exceed the Indiana state median value. Water
quality fluctuates within Millpond Lake. The lake' s water clarity ranged from 1.6 feet (0.5 m) to
9.0 feet (2.7 m) over the last 35 years. The poorest water clarity coincides with an algae bloom
which occurred in 1995 at both Millpond and Cook Lakes. Phosphorus concentrations, plankton
densities, and the Indiana TSI score indicate that in 1995 water quality within Millpond Lake
was the poorest observed historically. Current trends indicate that water clarity is improving and
nutrient concentrations are declining within Millpond Lake.

The shallow nature of the Four Lakes provides ample surface area for the growth of aguatic
plants. Early records of the area suggest that much of the lakes’ shorelines and shallow areas
were covered by emergent aquatic plant growth (Blatchley, 1900; McDonald, 1908; Robertson,
1971). Blatchley (1900) describes the shoreline of Cook and Holem Lakes as small, marshy
ponds with wide areas of marshy growth between the open water of the lakes and their steep
shorelines. Kreighbaum Lake originally existed as a small, relatively round lake which covered
the open water area currently observed. The emergent wetland located around the islands
separating Kreighbaum and Millpond Lakes was originally considered outside of the lake's
shoreline. However, when the Lake Latonka dam was constructed, the emergent wetland was
inundated and the lake's shoreline expanded to include these shallow areas. Millpond Lake has
been historically shallow. Millpond Lake was originally created by damming Forge Creek at
Rose Road to run Marshall County’s first grist mill. Zehner Millpond or Millpond Lake, asit is
currently known, was described as a shallow, marshy pond (Swindell, 1923).

The productive nature of the lakes, their shallow nature, and heavy plant cover combine to
produce a high quality fishery. Fisheries surveys conducted by the Indiana Department of
Natural Resources (IDNR) show that gamefish production is high within the lakes. Gamefish
dominate the total biomass of the lakes' fishery accounting for 50 to 70% of the fishery by
weight in 2002 and 2003 (Price and Robertson, 2003; Price, 2004). Lower quality fish that
typically adapt to poor water quality like carp and white sucker have not been observed in the
Four Lakes.

Despite the lakes' relatively good water quality and their ability to provide good fishing, lake
residents, particularly long-time residents, have noted an increase in density and a decline in
diversity of aguatic vegetation within and around the lakes. Specifically, submerged vegetation,
including nuisance species such as Eurasian water milfoil and curly leaf pondweed, appears to
have expanded its coverage within the Four Lakes. Residents also cited the presence of purple
loosestrife along a majority of Cook, Holem, Kreighbaum, and Millpond Lakes shoreline and
within shallow areas of lake as their other main concern. Residents have noted a decline in the
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lakes' depth due to siltation and the accumulation of plant material. Residents noted poorer water
guality as a concern as well. These changes have negatively impacted the residents enjoyment
of the lake and increased their desire to protect the lakes' health and future.

Four Lakes residents began working to improve the aesthetics and water quality of their lakesin
2001. Since that time, the residents have taken a more active role in the management of their
lakes. For the past three years, the Four Lakes Lake Association has combined financial
resources and has hired one applicator to treat plants within each of the lakes. Individual
residents have worked with the Indiana 4-H Program to release biological control agents to help
control the purple loosestrife population and reduce the spread of purple loosestrife around the
lakes. Residents also participate in the Indiana Clean Lakes volunteer monitoring program.
While these practices have likely slowed the spread of nuisance species within the lakes, they do
not address all of the areas of concern identified by lake residents. Additionally, lake residents
wish to understand the processes that they as individuals and as a group can use to improve water
quality and aesthetics within the Four Lakes. To achieve these goals, the Four Lakes Lake
Association applied for and received funding from the IDNR Lake and River Enhancement
Program (LARE) to complete a diagnostic study of the lakes.

The purpose of the diagnostic study was to describe the conditions and trends in Cook, Holem,
Kreighbaum, and Millpond Lakes and their watershed, identify potential problems, and make
prioritized recommendations addressing these problems. The study consisted of a review of
historical studies, interviews with lake residents and state/local regulatory agencies, the
collection of current water quality data, pollutant modeling, and field investigations. In order to
obtain a broad understanding of the water quality in the Four Lakes and that flowing between the
lakes, the diagnostic study included an examination of the lakes' water chemistry and their biotic
communities (plankton and macrophytes) which tend to reflect the long-term trends in water
quality. Thisreport documents the results of the study.

20WATERSHED CHARACTERISTICS

2.1 Physical Characteristics

Figure 3 shows the approximate subwatersheds for each of the Four Lakes. Each distinctly
shaded region represents the portion of land draining directly to the lake for which the
subwatershed is named. It is important to note that some of the lakes also receive water from
other lakes located upstream; thus a lake' s total watershed may be larger than the area shaded as
its subwatershed on Figure 3. For example, Cook Lake receives direct drainage from the area of
land shaded in green. It also receives water from Holem Lake (represented in pink). This means
that Cook Lake's total watershed size is 1,520 acres (615.2 ha), represented in green, plus 218.3
acres (88.4 ha), represented in lavender for a total of 1,738.4 acres (703.5 ha). Similarly,
Millpond Lake receive drainage from Cook (green), Holem (pink), and Kreighbaum (blue) Lakes
plus the area that is shaded yellow for atotal watershed of approximately 2,864 acres (1,160 ha).
Table 1 summarizes the direct subwatershed size, total watershed size, and watershed area to
lake arearatios for each lake.
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Figure 3. Four Lakes subwater sheds.
Source: See Appendix A. Scale: 1"=4,000'.

Table 1. Water shed and subwater shed size for the Four L akes.

L ake Direct Total Water shed % of Four Lakes | Watershed Area:
Subwater shed Size Size Water shed Lake Area
53% 18.7:1

Cook Lake 1,520.1 ac (615.2 ha) | 1,738.4 ac (703.5 ha) 18.6:1%

0, .
Holem Lake 2183ac(88.4ha) | 2183 ac (884 ha) 8% P

0 .
Kreighbaum Lake | 464.4ac(188.0ha) | 464.4ac (188.0 ha) 16% 1(1)'311

0, .
Millpond Lake 6614 ac (267.8ha) | 2,864 ac (1,160 ha) 23% ool
Entire Four Lakes Watershed AreaAll Lakes Area 9.5:1

*The second ratio indicates the watershed area:lake area ratio excluding al of the surface water acreage from the
overall watershed acreage.
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Watershed size and watershed area to lake area ratios can affect the chemical and biological
characteristics of alake. For example, lakes with large watersheds have the potential to receive
greater quantities of pollutants (sediment, nutrients, pesticides, etcetera) from runoff than lakes
with smaller watersheds. For lakes with large watershed area to lake area ratios, watershed
activities can potentially exert a greater influence on the health of the lake than |akes possessing
small watershed to lake ratios. Conversely, for lakes with smaller watershed area to lake area
ratios, shoreline activities and internal lake processes may have a greater influence on the lake's
health than lake with large watershed area to |ake arearatios.

The Four Lakes possess a small watershed (2,864 acres or 1,160 ha) resulting in a small
watershed areato lake arearatio (9.5:1). Holem Lake, which possesses the smallest watershed of
any of the Four Lakes, also possesses the smallest watershed area to lake area ratio (5.5:1).
Holem Lake's low ratio results from the lake's position within the landscape; the lake is located
in the headwaters of the Four Lakes watershed, so very little area drains into it. Conversely,
Cook, Kreighbaum, and Millpond Lakes possess watershed area to lake area ratios higher than
that observed at Holem Lake (18.7:1, 10.9:1, and 17:1, respectively). The Four Lakes all possess
ratios greater than the ratio calculated for Myers and Lawrence Lakes (5:1; JFNew, 2000), but
are typical for glacial lakes. Many glacial lakes have watershed area to lake area ratios of less
than 50:1. Watershed area to |ake area ratios on the order of 10:1 are fairly common for glacial
lakes. For comparison, watershed area to lake area ratios for reservoirs typically range from
100:1 to 300:1 (Vant, 1987). As a result of these high watershed area to lake area ratios,
watershed activities can potentially exert a greater influence on the health of the lake than
shoreline activities and in-lake processes. For the Four Lakes, which possess |low watershed area
to lake arearatios, it is likely that shoreline activities and in-lake processes likely exert a larger
influence over water quality within the lakes than the influence generated by the lakes
watershed.

2.2 Climate

Indiana Climate

Indiana's climate can be described as temperate with cold winters and warm summers. The
National Climatic Data Center summarizes Indiana weather well in its 1976 Climatology of the
United States document no. 60: “Imposed on the well known daily and seasonal temperature
fluctuations are changes occurring every few days as surges of polar air move southward or
tropical air moves northward. These changes are more frequent and pronounced in the winter
than in the summer. A winter may be unusually cold or a summer cool if the influence of polar
air is persistent. Similarly, a summer may be unusually warm or a winter mild if air of tropical
origin predominates. The action between these two air masses of contrasting temperature,
humidity, and density fosters the development of low-pressure centers that move generally
eastward and frequently pass over or close to the state, resulting in abundant rainfall. These
systems are least active in midsummer and during this season frequently pass north of Indiana’
(National Climatic Data Center, 1976). Prevailing winds in Indiana are generally from the
southwest but are more persistent and blow from a northerly direction during the winter months.

Four Lakes Watershed Climate
The climate of Marshall County is characteristic of northern Indiana exhibiting warm summers
and cold and snowy winters. Wintersin Marshall County typically provide enough precipitation,
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in the form of snow, to supply the soil with sufficient moisture to minimize drought conditions
when the hot summers begin. Winters are cold in Marshall County, averaging 27° F (-2.8° C),
while summers are warm, averaging 71° F (21.7° C). Marshall County’s highest recorded
temperature was 109° F (42.8° C) on June 20, 1953. Mild drought conditions occur occasionally
during the summer when evaporation is highest. Historic data from 1951 to 1974 suggest that
the growing season (defined as days with an air temperature higher than 40° F or 4.4° C) in
Marshall County istypically 139 days long, athough it can last as long as 164 days (Smallwood,
1980). The last day of freezing temperatures in spring usualy occurs around May 6, while the
first freezing temperature in the fall occurs around October 5. During summer, average relative
humidity differs greatly over the course of a day averaging 80% at dawn and dropping to an
average of 60% in mid-afternoon. The average annual precipitation is 38.52 inches (97.8 cm).
Table 2 displays average annual precipitation data for Marshall County as well as precipitation
data for 2004. In 2004, approximately 40 inches (101.6 cm) of precipitation (Table 2) was
recorded at Plymouth in Marshall County. When compared with the 30-year average for the area,
the 2004 annual rainfall exceeded the average by approximately 1.5 inches (3.8 cm).

Table 2. Monthly rainfall data for year 2004 as compared to average monthly rainfall.
Current data (2004) is based on rainfall as measured in Plymouth, Indiana; averages are
based on available weather observationstaken during the years of 1971-2000.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec Total

2004 124 | 070 | 264 | 064 | 731 | 399 | 408 | 800 | 1.76 | 227 | 474 | 272 | 40.09

Marshall | 1.92 | 1.84 | 287 | 387 | 379 | 420|410 | 333 | 362 | 3.02 | 3.03 | 293 | 38.52

Source: Purdue Applied Meteorology Group, 2004.

2.3 Topography and Geology

The advance and retreat of the glaciersin the last ice age shaped much of the landscape observed
in Indiana today. As the glaciers moved, they laid thick till material, or ground moraine, over
much of the northern two thirds of the state. This ground moraine left by the glaciers covers
much of the central portion of the state. In the northern portion of the state, ground moraines,
end moraines, lake plains, and outwash plains create a more geologicaly diverse landscape
compared to the central portion of the state. End moraines, formed by the layering of till material
when the rate of glacial retreat equaled the rate of glacial advance, add topographical relief to the
landscape. Distinct glacial lobes, such as the Michigan Lobe, Saginaw Lobe, and the Erie Lobe,
left several large, distinct end moraines, including the Vaparaiso Moraine, the Maxinkuckee
Moraine, and the Packerton Moraine, scattered throughout the northern portion of the state.
Glacia drift and ground moraines cover flatter, lower eevation terrain in northern Indiana.
Major rivers in northern Indiana cut through sand and gravel outwash plains. These outwash
plains formed as the glacial meltwaters flowed from retreating glaciers, depositing sand and
gravel along the meltwater edges. Lake plains, characterized by silt and clay deposition, are
present where lakes existed during the glacial age.

The Four Lakes watershed lies within the southern portion of the Maxinkuckee Moraine (Figure
4). The Maxinkuckee Moraine is a crescent shaped moraine covering approximately 30 to 40
miles of western Marshall County and portions of western St. Joseph and Fulton Counties. The
Maxinkuckee Moraine formed when the Huron-Saginaw Lobe of the last Wisconsin Age glacier
stalled during its last northeasterly retreat (Wayne, 1966). Movement of the Lake Michigan
Lobe from the northwest may have influenced the moraine’s formation as well (IDNR, 1990).
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The moraine covers Antrim shale bedrock, which lies under the entire Four Lakes watershed.
This bedrock shale is from the Devonian-Mississippian Period (Gutschick, 1966).
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Figure 4. Topographic relief of the Four Lakes watershed. Topographic elevations are

given in feet mean sea level.
Source: See Appendix A. Scale: 1"=4,000'.
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The watershed' s geologic history is responsible for the watershed’s topography (Figure 4). As
noted previously, the Four Lakes, with the exception of Millpond Lake, are kettle lakes, part of
the characteristic knob and kettle topography of end moraines. Kettle lakes are depressionsin the
glacia outwash left behind after partially-buried ice blocks melt, filling the depressions with
water. The lakes occupy the low spot in the watershed at 768 feet (234 m) above mean sea level
(MSL). The highest elevations in the watershed reach over 850 feet (259 m) above MSL and lie
along the eastern and southern watershed boundaries near Lawrence Lake where the Huron-
Saginaw Lobe of the last glacial age left end moraines (Figure 4). As with most watersheds, the
steepest slopes exist in the upper watershed. Steep slopes occur east of Lawrence Lake forming
the eastern watershed boundary. The northwestern and southeastern portions of the watershed
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gradually slope down to the lakes. Slopes bordering the shorelines of the Four Lakes tend to be
steeper than surrounding topography. Historical maps and the hydric soil map suggest that much
of the areain the immediate vicinity of the Four Lakes was historically wetland.

The geology and resulting physiography of the Four Lakes watershed typify the physiographic
region in which the watershed lies. The Four Lakes watershed lies within Malott’s Northern
Moraine and Lakes Region. Specifically, the watershed lies within the Kankakee Outwash and
Lacustrine Plain (Schneider, 1966). The Kankakee Outwash and Lacustrine Plain is
characterized by low, poorly drained areas underlain mostly by sand. Wisconsin Age glaciers
deposited a majority of the sand via outwash and meltwater. Thick gravel deposits below or
interspersed with the sand originated from valley trains and glacial outwash. Prevailing westerly
winds modified the topography of the plain through sand redistribution over the past 12,000
years. The result is a broad, flat, featureless sand plain intersected by shallow kettle depressions
and sand piles or dunes.

2.4 Soils

The soil types found in Marshall County are a product of the original parent materials deposited
by the glaciers that covered this area 12,000 to 15,000 years ago. The main parent materials
found in Marshall County are glacial outwash and till, lacustrine material, aluvium, and organic
materials that were left as the glaciers receded. The interaction of these parent materials with the
physical, chemical, and biologica variables found in the area (climate, plant and animal life,
time, landscape relief, and the physical and mineralogical composition of the parent material)
formed the soils of Marshall County today.

The Four Lakes watershed' s geological history described in the previous section determined the
soil types found in the watershed and is reflected in the major soil association that covers the
Four Lakes watershed. Before detailing the major soil association covering the Four Lakes
watershed, it may be useful to examine the concept of soil associations. Major soil associations
are determined at the county level. Soil scientists review the soils, relief, and drainage patterns
on the county landscape to identify distinct proportional groupings of soil units. The review
process typically results in the identification of eight to fifteen distinct patterns of soil units.
These patterns are the major soil associations in the county. Each soil association typically
consists of two or three soil units that dominate the area covered by the soil association and
several soil units that occupy only a small portion of the soil association’s landscape. Soil
associations are named for their dominant components. For example, the Riddles-Metea-
Wawasee association consists primarily of Riddles sandy loam, Metea loamy fine sand, and
Wawasee sandy |oam.

Smallwood (1980) maps one soil association in the Four Lakes watershed: the Riddles-Metea
Wawasee association. This soil association is characteristic of morainal areas in Marshall
County, such as the Maxinkuckee Moraine. Soils in this association developed from glacial till
parent materials. In general, Riddles soils account for approximately 54% of the total soilsin the
association; Metea soils account for 22%, while Wawasee soils comprise 13% of the soil
association. Much of the remaining portion of the soil association consists of hydric soil
components which line drainageways and surround the Four Lakes including Fluvaguents,
Brookston loam, Rensselaer loam, and Whitaker loam soils. Riddles and Wawasee soils occupy
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moraine ridges, while Metea soils occur on low knolls and sides of moraines. Woodlands and
forested areas thrive on the Riddles-Metea-Wawasee association. The soils' strong slopes may
limit agricultural productivity. Steep slopes and moderately fine subsoil textures limit the usage
of these soils for septic absorption fields.

Soilsin the watershed, and in particular their ability to erode or sustain certain land use practices,
can impact the water quality of lakes and streams in the watershed. The dominance of Riddles
and Wawasee soils across the Four Lakes watershed suggests much of the watershed is prone to
erosion; common erosion control methods should be implemented when the land is used for
agriculture or during residential development to protect waterbodies in the Four Lakes
watershed. Similarly, soils that are poorly suited to serve as septic system leach fields cover a
large portion of the Four Lakes watershed, including the heavily populated shorelines at the Four
Lakes. The coupling of high density residential land use with soils that are poorly suited for
treating septic tank effluent is of concern for water quality in the Four Lakes watershed. More
detailed discussion of highly erodible soils and soils used to treat septic tank effluent in the Four
L akes watershed follows below.

2.4.1 Highly Erodible Soils

Soils that erode from the landscape are transported to waterways where they degrade water
quality, interfere with recreational uses, and impair aquatic habitat and health. In addition, such
soils can carry attached nutrients, which further impair water quality by increasing production of
plant and algae growth. Soil-associated chemicals, like some herbicides and pesticides, can kill
aguatic life and damage water quality.

Highly erodible and potentially highly erodible are classifications used by the Natural Resources
Conservation Service (NRCYS) to describe the potential of certain soil units to erode from the
landscape. The NRCS examines common soil characteristics such as slope and soil texture when
classifying soils. The NRCS maintains alist of highly erodible soil units for each county. Table
3 lists the soil units in the Four Lakes watershed that the NRCS considers to be highly erodible
and potentially highly erodible.

Highly erodible and potentially highly erodible soil units in the form of Wawasee, Riddles, and
Oshtemo soils cover much of the Four Lakes watershed. Areas of the watershed that are mapped
in these soil units and have gentle slopes are considered moderately limited for agricultural
production. As slope increases, the severity of the limitation increases. Some steeply sloped
Wawasee, Riddles, and Ostemo soils are considered unsuitable for agricultural production due to
erosion hazard. The erosion hazard would also exist during residential development on these
soils.
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Table 3. Highly erodible and potential highly erodible soils units in the Four Lakes

July 8, 2005

water shed.
Soil Unit Status | Soil Name Soil Description
ChC PHES Chelsea fine sandy loam 2-6% slopes
FsB PHES Fox sandy loam 2-6% dlopes
FsC2 PHES Fox sandy loam 6-12% slopes, eroded
MeB PHES Martinsville loam 2-6% dlopes
MgC PHES Metea loamy fine sand 2-6% slopes
0OsB-0OsC PHES Oshtemo loamy sand 2-12% slopes
OsD HES Oshtemo loamy fine sand 12-18% slopes
PsC-PsD PHES Plainfield sand 3-18% slopes
RsB PHES Riddles sandy loam 2-6% dopes
RsC2 PHES Riddles sandy loam 6-12% slopes, eroded
RsD HES Riddles sandy loam 12-18% slopes
WKkB PHES Wawasee sandy loam 2-6% slopes
WKC2 PHES Wawasee sandy |loam 6-12% slopes, eroded
WmD3 HES Wawasee sandy clay loam 12-18% slopes, severely eroded

Note: PHES stands for potentially highly erodible soil and HES stands for highly erodible soil.

As Figure 5 indicates, potentially highly erodible soils cover a substantial portion (1,242.1 acres
(502.6 ha) or nearly 44%) of the Four Lakes watershed. This acreage is spread throughout the
watershed. Highly erodible soil exists on approximately 225.8 acres (94.1 ha or nearly 8%) of
the watershed. Highly erodible soils surround nearly the entire shorelines of Myers and
Lawrence Lakes, border the northeastern shoreline of Cook Lake and the northwestern shoreline
of Holem Lake, and covers the entirety of the ridge separating Cook and Holem Lakes.
Additionally, highly erodible soils surround the northwestern bay of Millpond Lake and cover
much of the area around Thomas Lake. Because the large majority of land mapped as highly
erodible or potentially highly erodible are located along the lakes' shorelines, special planning
and the use of best management practices (BMPs) are needed during residential development
projects to ensure minimal erosion.
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Figure 5. Highly erodible and potentially highly erodible soils within the Four Lakes

water shed.
Source: See Appendix A. Scale: 1"=4,000'.

2.4.2 Soils Used for Septic Tank Absorption Fields

Nearly haf of Indiana's population lives in residences having private waste disposal systems.
As is common in many areas of Indiana, septic tanks and septic tank absorption fields are
utilized for wastewater treatment around Cook, Holem, Millpond, and Kreighbaum Lakes and
other lakes (Myers, Lawrence, and Thomas Lakes) in the Four Lakes watershed. This type of
wastewater treatment system relies on the septic tank for primary treatment to remove solids and
the soil for secondary treatment to reduce the remaining pollutants in the effluent to levels that
protect surface and groundwater from contamination. The soil’s ability to sequester and degrade
pollutants in septic tank effluent will ultimately determine how well surface and groundwater is
protected.

A variety of factors can affect a soil’s ability to function as a septic absorption field. Seven soil
characteristics are currently used to determine soil suitability for on-site sewage disposal
systems. position in the landscape, slope, soil texture, soil structure, soil consistency, depth to
limiting layers, and depth to seasona high water table (Thomas, 1996). The ability of soil to
treat effluent (waste discharge) depends on four factors: the amount of accessible soil particle
surface area, the chemical properties of the soil particle’'s surfaces, soil conditions like
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temperature, moisture, and oxygen content, and the types of pollutants present in the effluent
(Cogger, 1989).

The amount of accessible soil particle surface area depends both on particle size and porosity.
Because they are smaller, clay particles have a greater surface area per unit volume than silt or
sand and, therefore, a greater potential for chemical activity. However, soil surfaces only play a
roleif wastewater can contact them. Soils of high clay content or soils that have been compacted
often have few pores that can be penetrated by water and are not suitable for septic systems
because they are too impermeable. Additionally, some clays swell and expand on contact with
water closing the larger pores in the profile. On the other hand, very coarse soils may not offer
satisfactory effluent treatment either because the water can travel rapidly through the soil profile.
Soils located on sloped land also may have difficulty in treating wastewater due to reduced
contact time.

Chemical properties of the soil surfaces are aso important for wastewater treatment. For
example, clay materials have imperfections in their crystal structure which gives them a negative
charge along their surfaces. Due to their negative charge, they can bond cations of positive
charge to their surfaces. However, many pollutants in wastewater are also negatively charged
and are not attracted to the clays. Clays can help remove and inactivate bacteria, viruses, and
some organic compounds.

Environmental soil conditions influence the microorganism community which ultimately carries
out the treatment of wastewater. Factors like temperature, moisture, and oxygen availability
influence microbial action. Excess water or ponding saturates soil pores and slows oxygen
transfer. The soil may become anaerobic if oxygen is depleted. Decomposition process (and
therefore, effluent treatment) becomes less efficient, slower, and less complete if oxygen is not
available.

Many of the nutrients and pollutants of concern are removed safely if a septic system is sited
correctly. Most soils have alarge capacity to hold phosphate. On the other hand, nitrate (the end
product of nitrogen metabolism in a properly functioning septic system) is very soluble in soil
solution and is often leached to the groundwater. Care must be taken in siting the system to
avoid well contamination. Nearly all organic matter in wastewater is biodegradable as long as
oxygen is present. Pathogens can be both retained and inactivated within the soil as long as
conditions are right. Bacteria and viruses are much smaller than other pathogenic organisms
associated with wastewater and, therefore, have a much greater potential for movement through
the soil. Clay minerals and other soil components may adsorb bacteria and viruses, but retention
is not necessarily permanent. During storm flows, bacteria and viruses may become resuspended
in the soil solution and transported throughout the soil profile. Inactivation and destruction of
pathogens occurs more rapidly in soils containing oxygen because sewage organisms compete
poorly with the natural soil microorganisms, which are obligate aerobes requiring oxygen for
life. Sewage organisms live longer under anaerobic conditions without oxygen and at lower soil
temperatures because natural soil microbial activity is reduced.

Taking into account the various factors described above, the NRCS has ranked each soil seriesin
the Four Lakes watershed in terms of its limitations for use as a septic tank absorption field.
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Each soil series is placed in one of three categories. sightly limited, moderately limited, or
severely limited. Use of septic absorption fields in moderately or severely limited soils generally
requires special design, planning, and/or maintenance to overcome the limitations and ensure
proper function. Figure 6 displays the septic tank suitability of soils throughout the Four Lakes
watershed. Nearly al of Cook Lake's shoreline is bordered by soils that are severely limited for
use as septic tank absorption fields. Only the northwestern shoreline and a small area along the
northern shoreline are moderately limited. Conversely, only Holem Lake's northern shoreline is
severely limited for septic treatment, while the southern shoreline is moderately limited. Like
Cook Lake, nearly the all of Kreighbaum and Millpond Lakes shorelines are severely limited.
Small portions of Millpond Lake' s southern and western shorelines are slightly to moderately
limited for use as septic tank absorption fields. Overal, soils severely limited for use a septic
tank absorption fields cover nearly 44% of the watershed (1,271 acres or 514 ha), while
moderately limited soils cover an additional 38% of the watershed (1,094 acres or 442.7 ha).
Less than 5% of the Four Lakes watershed is covered by soils that are only dightly limited for
use as septic tank absorption fields.
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Figure 6. Sail septic tank suitability within the Four L akeswater shed.
Source: See Appendix A. Scale: 1"=4,000'.

While all septic system use in the Four Lakes watershed has the potential to impact the water
quality of Cook, Holem, Millpond, and Kreighbaum Lakes, the ability of the soil immediately
adjacent to each of the Four Lakes to treat septic effluent has a more direct effect on the lakes
water quality than the ability of the soil in other areas of the watershed. For example, the soils
directly adjacent to the Cook Lake have a more direct effect on Cook L ake than the soilsin other
areas of the watershed. Likewise, the soils directly adjacent to Kreighbaum and Millpond Lakes
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have a more direct effect on the water quality within Kreighbaum and Millpond Lakes.
Therefore, the following discussion focuses on the soils adjacent to Cook, Holem, Kreighbaum,
and Millpond Lakes, respectively.

Cook and Holem Lakes

Figure 7 shows the soil units surrounding Cook and Holem Lakes, while Table 4 summarizes the
soils' suitability for use as septic tank absorption fields. Following Table 4 is a short description
of the soilslisted in the table.

ay

Figure 7. Soil seriesbordering Cook and HoI L akes.
Source: Smallwood, 1980. Scale: 1"=1,667".

Table 4. Sail types adjacent to Cook and Holem Lakes and their suitability to serve as a
septic tank absor ption field.

Depth to High | Suitability for Septic Tank
Symbol Name Water Table | Absorption Field
AUA Aubbeenaubbee sandy loam 1-3 ft. Severe: wethess
Br Brookston loam +0.5-1.0 ft. Severe: ponding
CtA Crosier loam 1-3 ft. Severe: percs slowly, wetness
Hp Houghton muck, ponded +2.0-0.5 ft. Severe: ponding, percs slowly
RsA-RsB Riddles sandy loam >6 ft. Moderate: percs slowly
RsC2 Riddles sandy loam >6 ft. Moderate: percs slowly, slope
RsD Riddles sandy loam >6 ft. Severe: slope
%JFNEW Page 15
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A seasona high water table limits the treatment capacity of Aubbennaubbee sandy loam (AuA)
soils. These soils are typicaly found on poorly drained, broad, flat areas where water remains
ponded throughout the winter and spring. The water table is near, though never above, the
surface as is the case with the Houghton muck soils. These soils are rated as severely
compromised for septic systems because of wetness and the moderate to rapid permeability of
the subsoil.

Brookston loam (Br) soils are very poorly drained soils that are frequently ponded. The ponding
severely limits these soils for use as septic tank absorption fields. The water table is typically
near the soil surface in winter and spring months. Proper septic system function in these soilsis
severely limited because the soil tends to remain wet and does not readily absorb liquid waste.

Crosier loam (CtA) soils are very poorly drained soils. They are found in slight depressions on
broad outwash plains and terraces, along small drainageways, and in depressions on till plains,
terraces, and outwash plains. Because of the ponding, these soils are unsuitable for septic tank
absorption fields.

Houghton muck, ponded (Hp) is anearly level, poorly drained soil. This soil is generally covered
by shalow water most of the year, and in some years, it is continualy covered. Smallwood
(1980) characterizes this soil as optimal for wildlife habitat by poor for all other uses. These soils
are absolutely unsuitable for sanitary facilities due to ponding and permeability issues. Because
these soils generally occupy some of the lowest points on the landscape, pumping systems are
necessary for adequate drainage.

Riddles sandy loam (RsA-RsB) soils are well-drained soils that are moderately limited for septic
system use due to moderate permeability. Enlarged septic fields built within this soil type will
better absorb effluent. The Riddles sandy loam (RsC2) soils are also moderately limited for
septic suitability. Moderate slopes and permeability may limit the ability of the field to absorb
the effluent. However, steep slopes limit the use of Riddles sandy loam (RsD) soilsif the Slopeis
greater than 12%.

As shown in Table 4, all of the soils that border Cook and Holem Lakes are moderately to
severely limited for use as a septic tank absorption field. No residences currently exist along the
northeastern shoreline of Cook Lake, below the ridge along the northern shoreline of Holem
Lake, or within the area between Queen Road and the western shorelines of Cook and Holem
Lakes. Soils in these areas are mapped as Houghton muck (Hp) and Riddles sandy loam (RsD).
If these portions of the shoreline become developed, then residents should take extra care in
septic leach field placement and sizing. However, because these portions of Cook and Holem
Lakes shorelines remain undeveloped, septic system leaching from these portions of the lakes
does not impact water quality in Cook and Holem Lakes at this time. Currently, most of the
residences exist along the northwestern shoreline of Cook Lake, on the ridge between Cook and
Holem Lakes, and along the southern shoreline of Holem Lake where soils are mapped as
Riddles sandy loam (RsA-RsB, RsC2, RsD) and Aubbennaubbee sandy loam (AuA). Septic
fields placed in these soils typically require larger leach fields to overcome the ponding and
permeability issues associated with these soils. Unfortunately, enlarging the existing septic leach
fields or creating new leach fields, if sufficient room exists, may be too costly. At a minimum,
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residents in existing homes should take steps to properly care for their septic tanks, avoiding the
disposal of household chemicals that may kill soil bacteria, and implementing water conservation
measures to alleviate strains on the system.

Kreighbaum and Millpond Lakes

Figure 8 shows the soil units surrounding Kreighbaum and Millpond Lakes, while Table 5
summarizes the soils' suitability for use as septic tank absorption fields. Following Table5isa
short description of the soils listed in the table.

Figure 8. Soil seriesbordering Kreighbaum and Millpond L akes.
Source: Smallwood, 1980. Scale: 1"=1,667".
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Table 5. Soil types adjacent to Kreighbaum and Millpond Lakes and their suitability to
serve as a septic tank absor ption field.

Depth to High | Suitability for Septic Tank
Symbol Name Water Table | Absorption Field
Hp Houghton muck, ponded +2.0-0.5 ft. Severe: ponding, percs slowly
MgB Metealoamy fine sand >6 ft. Severe: percs slowly
MgC Metea loamy fine sand >6 ft. Severe: percs slowly, slope
OsC Oshtemo loamy sand >6 ft. Moderate: slope
OwA Owosso sandy loam >6 ft. Moderate: percs slowly
PsD Painfield sand >6 ft. Severe: sope, poor filter
Re Rensselaer loam +0.5-1.0 ft. Severe: ponding, percs slowly
RsA-RsB Riddles sandy loam >6 ft. Moderate: percs slowly
RsC2 Riddles sandy loam >6 ft. Moderate: percs slowly, slope
RsD Riddles sandy loam >6 ft. Severe: slope
Wa Wallkill loam +0.5-0.5 ft. Severe: ponding
WKkB Wawasee sandy loam >6 ft. Slight
WKC2 Wawasee sandy loam >6 ft. Moderate: slope
WmD3 Wawasee sandy clay loam >6 ft. Severe: slope

All of the soils that border Kreighbaum and Millpond Lakes are moderately to severely limited
for use as septic tank absorption fields except Wawasee sandy loam (WkB), which is only
dlightly limited.

Rensselaer loam (Re) and Wallkill loam (Wa) soils are very poorly drained soils which are
frequently ponded. The ponding severely limits these soils for use as septic tank absorption
fields. The water table is typically near the soil surface in winter and spring months. Proper
septic system function in these soils is severely limited because the soil tends to remain wet and
does not readily absorb liquid waste.

Houghton muck, ponded (Hp) isanearly level, poorly drained soil. This soil is generally covered
by shallow water most of the year, and in some years, it is continually covered. Fortunately, most
of the septic systems in the Four Lakes watershed are not located in these soils. Smallwood
(1980) characterizes this soil as optimal for wildlife habitat but poor for all other uses. These
soils are absolutely unsuitable for sanitary facilities due to ponding and permeability issues.
Because these soils generally occupy some of the lowest points on the landscape, pumping
systems are necessary for adequate drainage.

Metea loamy fine sand (MgB-MgC) soils are found on gently to strongly sloping hillsides of
uplands. Fluid movement through this soil type is moderately slow. The slow permeability and
wetness generally inhibit complete waste treatment. The slow permeability of Metea soils is a
result of soil formation and aging processes. When Metea loamy fine sand soils are located along
steep slopes, slope can aso pose problems for proper septic field function.

Seepage of septic effluent due to soil dope limits four soils. Oshtemo loamy sand (OsC) and
Wawasee sandy loam (WKkC2) are moderately limited due to slope, while slope severely limits
Riddles sandy loam (RsD) and Wawasee sandy clay loam (WmD3) soils. Building a septic
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system on the ridge top or level contours or using an enlarged absorption field allows these soils
to be used for septic treatment.

Owosso sandy loam (OwA) and Riddles sandy loam (RsA-RsB) soils are well-drained soils that
are moderately limited for septic system use due to moderate permeability. Enlarged septic
fields built within this soil type will better absorb effluent. The Riddles sandy loam (RsC2) soils
are also moderately limited for septic suitability. Moderate slopes and permeability may limit
the ability of leachate fields built in these soils from absorption effluent.

Plainfield sand (PsD) soils are well-drained soils found on moderately to strongly sloping
hillsides. Permeability rates are rapid to moderately rapid in the subsoil and very rapid in the
underlying material. Due to the rapid permeability of these soils, they do not provide adequate
filtering capability when used as septic tank absorption fields and may result in pollution of the
ground water.

As shown in Table 5, al of the soils surrounding Kreighbaum and Millpond Lakes are
moderately to severely limited in their use as a septic tank absorption field with the exception of
Wawasee sandy loam (WkB) soils. Currently, most of the residences are located along the
northwestern and southeastern shorelines of Millpond Lake where soils are mapped as Wallkill
loam (Wa), Rensselaer loam (Re), Plainfield sand (PsD), Metea loamy fine sand (MgC), and
Wawasee sandy loam (WkC2). Residences are generally located along the western, northern, and
northeastern shorelines of Kreighbaum Lake where soils are mapped as Riddles sandy |oam
(RsB-RsC2), Oshtemo loamy sand (OsC), and Metea loamy fine sand (MgC). Septic fields
placed in these soils typically require larger leach fields to overcome the ponding and slow
permeability of most of these soils. Unfortunately, enlarging the existing septic leach fields or
creating new leach fields, if sufficient room, exists may be too costly. At aminimum, residentsin
existing homes should take steps to properly care for their septic systems such as pumping their
septic tanks, avoiding the disposal of household chemicals that may kill soil bacteria, and
implementing water conservation measures to alleviate strain on the system.

2.5 Natural History

Geographic location, climate, topography, geology, soils, and other factors play arole in shaping
the native floral (plant) and faunal (animal) communities in a particular area. Various ecologists
(Deam, 1921; Petty and Jackson, 1966; Homoya et a., 1985; Omernik and Gallant, 1988) have
divided Indiana into several natural regions or ecoregions, each with similar geographic history,
climate, topography, and soils. Because the groupings are based on factors that ultimately
influence the type of vegetation present in an area, these natura areas or ecoregions tend to
support characteristic native floral and faunal communities. Under many of these classification
systems, the Four Lakes watershed lies at or near the transition between two or more regions. For
example, the watershed lies at the western boundary separating Homoya's Northern Lakes
Natural Area to the east from the Grand Prairie Natural Area to the west. Similarly, the Four
Lakes watershed lies in Omernik and Gallant’s Eastern Corn Belt Plains Ecoregion (ECBP)
immediately south of the point where the ECBP Ecoregion meets the Central Corn Belt Plains
and Southern Michigan/Northern Indiana Till Plains Ecoregions. As a result, the native floral
community of the Four Lakes watershed likely consisted of components of neighboring natural
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areas and ecoregions in addition to components characteristic of the natural areaand ecoregion in
which it is mapped.

Homoya et. a (1985) noted that prior to European settlement, the region was a mixture of
numerous natural community types including bog, fen, marsh, prairie, sedge meadow, swamp,
seep spring, lake and deciduous forest. The dry to dry-mesic uplands were likely forested with
red oak, white oak, black oak, shagbark hickory, and pignut hickory. More mesic areas probably
harbored beech, sugar maple, black maple, and tulip poplar with sycamore, American elm, red
elm, green ash, silver maple, red maple, cottonwood, hackberry, and honey locust dominating the
floodplain forests. Historical records support the observation that prior to European settlement of
West Township dense oak-hickory forests covered the Four Lakes watershed (Historic
Landmarks Foundation, 1990). Chamberlain (1849) described the area as being heavily timbered
with oak openings or barrens covered by wet or dry prairies and lakes. White oak was the
dominant component of the heavily timbered areas with shagbark hickory, maple, beech, elm,
walnut, butternut, and red and black oak as subdominants (McDonald, 1908; Petty and Jackson,
1966; Omernik and Gallant, 1988). Red and black oak, buroak, and hickory as well as sugar
maple and beech also grew in the watershed but likely not to the extent observed throughout
northern Indiana (McDonald, 1908). Petty and Jackson (1966) list pussy toes, common
cinquefoil, wild licorice, tick clover, blue phlox, waterleaf, bloodroot, Joe-pye-weed, woodland
asters, woodland goldenrods, wild geranium, and bellwort as common components of the forest
understory in the watershed’ s region.

Wet habitat (ponds, marshes, and swamps) intermingled with the upland habitat throughout the
Four Lakes watershed. The hydric soils map and an 1876 map of Marshall County (Baskins,
Forster, and Company, 1876) indicate that wetland habitat existed throughout much of the Four
Lakes watershed including portions of Cook, Holem, Kreighbaum, and Millpond Lakes. These
wet habitats supported very different vegetative communities than the drier portions of the
landscape. Swamp loosestrife, cattails, soft stem bulrush, marsh fern, marsh cinquefoil, pickerel
weed, arrow arum, and sedges dominated the marsh habitat throughout the watershed. Swamp
habitat likely covered most or al of the shallow depressions in the watershed. Typical dominant
swamp species in the area included red and silver maple, green and black ash, and American elm
(Homoya, 1985). Smallwood (1980) adds swamp white oak to the list of dominants in swamp
habitat throughout the county.

Thefirst grist mill in Marshall County altered the natural landscape of the Four Lakes watershed.
The lakes were irreversibly altered by the building of an iron forge and grist mill. A dam at what
is now Queen Road created Zehner Mill Pond. For the next 40 years, the grist mill and associated
town of Sligo flourished. More than 40 individuals dug iron ore from the surround marshes
washing the ore in the lakes and streams and using the power from Forge Creek (now Harry Cool
Ditch) to run the smelter (Faulkner, 1961). The town, mill, and smelter were gradualy
abandoned and in 1922 the area was cleared and the mill removed (Swindell, 1923). The
shoreline of the remnant mill pond has since been developed and is now Millpond Lake.

2.6 Land Use
Just as soils, climate, and geology shape the native communities within the watershed, how the
land in a watershed is used can impact the water quality of a waterbody. Different land uses
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have the potential to contribute different amounts of nutrients, sediment, and toxins to receiving
water bodies. For example, Reckhow and Simpson (1980) compiled phosphorus export
coefficients (amount of phosphorus lost per unit of land area) for various land uses by examining
the rate at which phosphorus loss occurred on various types of land. (The Phosphorus Modeling
Section of the report contains more detailed information on this work and its impact on the Four
Lakes and their watershed.) Several researchers have also examined the impact of specific urban
and suburban land uses on water quality (Bannerman et. al, 1992; Steuer et al., 1997;
Waschbusch et al., 2000). Bannerman et a. (1992) and Steuer et al. (1997) found high mean
phosphorus concentrations in runoff from residential lawns (2.33 to 2.67 mg/L) and residential
streets (0.14 to 1.31 mg/L). These concentrations are well above the threshold at which lakes
might begin to experience algae blooms. (Lakes with total phosphorus concentrations greater
than 0.03 mg/L will likely experience algae blooms.) Finally, the Center for Watershed
Protection has estimated the association of increased levels of impervious surface in a watershed
with increased delivery of phosphorus to receiving waterbodies (Caraco and Brown, 2001). Land
use directly affects the amount of impervious surface in a watershed. Because of the effect
watershed land use has on water quality of the receiving lakes, mapping and understanding a
watershed’ s land use is critical in directing water quality improvement efforts.

Four Lakes Watershed

Table 6 and Figure 9 present current land use information for the Four Lakes watershed. (Land
use data from the U.S. Geological Survey (USGS) forms the basis of Figure 9. Corrections to the
Indiana Land Cover Data Set were made based on 2003 aerial photographs.) Like many Indiana
watersheds, agricultural land use dominates the Four Lakes watershed accounting for
approximately 52% of the watershed. Row crop agriculture makes up the greatest percentage of
agricultural land use at 37% while pastures or hay vegetate another 15%. Most of the
agricultural land in the Four Lakes watershed and throughout Marshall County (USDA, 2002) is
used for growing corn and soybeans. County-wide tillage transect data for Marshall County
provides an estimate for the portion of cropland in conservation tillage for the Four Lakes
watershed. In Marshall County, corn producers utilize no-till methods on 11% of corn fields and
some form of reduced tillage on 66% of corn fields. The percentage of corn fields on which no-
till methods were used in Marshall County was below the statewide median percentage. Marshall
County soybean producers used no-till methods on 36% of soybean fields and some form of
reduced tillage on 59% of soybean fieldsin production (IDNR, 2004a).
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Table 6. Detailed land usein the Four L akes water shed.

Land Use Area (acres) | Area (hectares) | % of Water shed
Row Crops 1064.8 431.1 37.2%
Deciduous Forest 518.8 210.0 18.1%
Pasture/Hay 440.6 178.4 15.4%
Open Water 413.8 167.5 14.4%
Low Intensity Residential 273.3 110.7 9.5%
Emergent Herbaceous Wetlands 78.7 31.9 2.7%
Woody Wetlands 44.7 18.1 1.6%
Evergreen Forest 21.0 8.5 0.7%
High Intensity Residential 3.6 1.4 0.1%
High Intensity Commercial 3.5 14 0.1%
Mixed Forest 15 0.6 0.1%
Entire Water shed 2864.2 1159.6 100.0%

Land uses other than agriculture account for the remaining 47% of the watershed. Natural
landscapes including forests and wetland account for approximately 23% of the watershed. Large
tracts of natural areas cover the northeastern, western, and southern shorelines of Millpond Lake
and the southeastern shoreline of Kreighbaum Lake and border portions of Holem Lake's
southern and western shorelines. Additional forested tracts are located south of Myers Lake,
north of Cook Lake, and west of Lawrence Lake (Figure 9). Open water, including Millpond,
Kreighbaum, Cook, Holem, Myers, Lawrence, and Thomas Lakes, accounts for another 14% of
the watershed.

The remaining 10% of the watershed is occupied by residential land, most of which lies directly
adjacent to the six lakes in the chain. According to the USGS's definition, low intensity
residential areas consist largely of single-family homes where impervious surfaces (driveways,
sidewalks, roads, rooftops, etc.) cover approximately 30 to 80% of the area. Using this definition
and assuming that impervious surfaces cover approximately 50% of the residential land (an
estimate on the low side of the range), impervious surfaces cover approximately 5% of the
watershed. This estimate of impervious surface coverage is below the threshold at which the
Center for Watershed Protection has found an associated decline in water quality.
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Figure 9. Land usein the Four Lakeswater shed.

Source: See Appendix A. Scale: 1"=4,000'.

Cook Lake

Land use within Cook Lake's immediate watershed paralels that of the entire Four Lakes
watershed. Agricultura land use aso dominates the Cook Lake watershed (Table 7). Row crop
agriculture covers approximately 38% of the watershed, while pasture or hay covers an
additional 18%. Land use other than agricultural accounts for 44% of the watershed. Natural
landscapes including forested areas and wetlands account for approximately 17% and 3% of the
watershed, respectively. Open water in the form of Cook, Myers, and Lawrence Lakes covers
another 15% of the watershed. Commercial and residential land uses cover the remaining 8% of
the watershed and are typically located along Cook Lake' s shoreline.
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Table 7. Land use within the Cook L ake water shed.

Area (acres) Area (ha) Per cent of Water shed
Row Crops 577.5 233.8 38.0%
Pasture/Hay 266.5 107.9 17.5%
Deciduous Forest 258.1 104.5 17.0%
Open Water 235.6 954 15.5%
Low Intensity Residential 123.7 50.1 8.1%
Emergent Herbaceous Wetlands 29.0 11.7 1.9%
Woody Wetlands 20.3 8.2 1.3%
High Intensity Commercial 34 14 0.2%
Evergreen Forest 3.3 13 0.2%
High Intensity Residential 2.7 1.1 0.2%
Mixed Forest 0.1 0.1 <0.1%
Cook Lake Water shed 1,520.3 615.5 100.0%

Holem Lake

Agricultural land use also dominates Holem Lake's immediate watershed landscape (Table 8).
Row crop agriculture covers approximately 37% of the watershed, while pasture or hay covers
an additional 4% of the watershed. Natural landscapes including forested areas and wetlands
account for approximately 24% and 3%, respectively. Most of these natural areas are contiguous
with Holem Lake. Open water in the form of Holem Lake covers 12% of the watershed. An

additional 20% of the watershed is used for residential uses.

Table 8. Land use within the Holem L ake water shed.

Area (acres) Area (ha) Per cent of Water shed
Row Crops 80.6 32.6 37.2%
Low Intensity Residential 42.7 17.3 19.7%
Deciduous Forest 42.4 17.2 19.5%
Open Water 27.0 10.9 12.4%
Evergreen Forest 8.1 3.3 3.7%
Pasture/Hay 7.9 3.2 3.6%
Emergent Herbaceous Wetlands 7.2 2.9 3.3%
Mixed Forest 1.0 0.4 0.4%
High Intensity Commercial 0.1 0.1 <0.1%
Holem L ake Water shed 217.0 87.8 100.0%

Kreighbaum Lake

Land use within Kreighbaum Lake's immediate watershed follows the same pattern as that
observed throughout the rest of the Four Lakes watershed. Agricultural land use dominates the
Kreighbaum Lake watershed (Table 9). Row crop agriculture covers approximately 51% of the
watershed, while pasture or hay covers an additional 17%. Land use other than agricultural
accounts for 32% of the watershed. Natural landscapes including forested areas and wetlands
account for approximately 14% and 2% of the watershed, respectively. Open water in the form
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of Kreighbaum Lake covers another 8% of the watershed. Residential land uses cover the
remaining 6% of the watershed and are primarily located along the northern shoreline of
Kreighbaum Lake.

Table 9. Land use within the Kreighbaum L ake water shed.

Area (acres) Area (ha) Per cent of Water shed

Row Crops 237.5 96.1 51.1%
Pasture/Hay 78.0 31.6 16.8%
Deciduous Forest 59.9 24.3 12.9%
Open Water 37.0 15.0 8.0%
Low Intensity Residential 29.2 11.8 6.3%
Emergent Herbaceous Wetlands 9.1 3.7 2.0%
Evergreen Forest 7.0 2.8 1.5%
Woody Wetlands 6.5 2.6 1.4%
High Intensity Residential 04 0.2 0.1%
Kreighbaum L ake Water shed 464.4 188.0 100.0%
2.7 Wetlands

Because wetlands perform a variety of functions in a healthy ecosystem, they deserve special
attention when examining watersheds. Functioning wetlands filter sediments and nutrients from
runoff, store water for future release, aleviate flooding, provide an opportunity for groundwater
recharge or discharge, and serve as nursery and forage habitat for various fish and wildlife
species. By performing these roles, healthy, functioning wetlands often improve water quality
and the biological health of streams and lakes located downstream of the wetlands.

The United States Fish and Wildlife Service's (USFWS) National Wetland Inventory (NWI)
Map (Figure 10) shows that wetlands and open water cover approximately 21.1% of the Four
Lakes watershed. In total, wetlands cover approximately 8.1% of the watershed, while open
water covers an additional 13% of the watershed. (Table 10 presents the acreage of wetlands by
type according to the National Wetland Inventory.) Large, contiguous tracts of wetland habitat
border the southern shoreline of Lawrence Lake and the northern and southern shorelines of
Millpond Lake. The largest wetland tract connects the east ends of Cook and Holem Lakes with
the northern shoreline of Millpond Lake and the eastern shoreline of Kreighbaum Lake.
Additional wetland habitat covers much of the watershed south of Millpond and Kreighbaum
Lakes and is scattered throughout the northern portion of the watershed.
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Table 10. Acreage and classification of wetland habitat in the Four L akes water shed.

Wetland Type Area (acres) Area (hectares) | Percent of Water shed
Lake 373.2 151.1 13.0%
||Emergent Herbaceous 1334 54.0 4.7%
Forested 78.8 31.9 2.8%
Scrubland 2.2 0.9 0.1%
Submerged Herbaceous 9.5 3.8 0.3%
Ponds 7.8 3.2 0.3%
IEntire Water shed 604.8 245.0 21.1%

The USFWS NWI data differs in its estimate of wetland habitat acreage in the watershed from
the USGS data presented in Table 6 and Figure 9. The USGS Land Cover Data Set suggests that
wetlands cover 4.3% of the Four Lakes watershed and open water covers an additional 14.4% of
the watershed (Table 10). The main differences between the two data sets are the inclusion of
forest land as wetlands by the USFWS and the acreage of emergent wetland. The USFWS
reports approximately 79 acres (32 ha) of forested wetland, which islikely included as part of the
forested cover by the USGS. Likewise, the USFWS indicates that approximately 133 acres (54
ha) of emergent wetland habitat exists in the Four Lakes watershed compared to less than 80
acres (32.4 ha) reported by the USGS. The differences in reported wetland acreage in the Four
Lakes watershed reflect the differences in project goals and methodology used by the different
agencies to collect land use data.

The IDNR estimates that approximately 85% of the state’s wetlands have been filled (IDNR,
1996). The greatest loss has occurred in the northern counties of the state such as Marshall
County. The last glacia retreat in these northern counties left level landscapes dotted with
wetland and lake complexes. Development of the land in these counties for agricultural purposes
altered much of the natural hydrology, eliminating many of the wetlands.

To estimate the historical coverage of wetlands in the Four Lakes watershed, hydric soilsin the
watershed were mapped (Figure 11). (As noted for the potentially highly eroded soils map, this
map is based on the Natural Resources Conservation Service criteria for hydric soils and is not
field checked.) Because hydric soils developed under wet conditions, they are a good indicator
of the historical presence of wetlands. Comparing the total acreage of wetland (hydric) soilsin
the watershed (1,146.5 acres or 464.3 ha) to the acreage of existing wetlands (231.7 acres or
245.0 ha) suggests that nearly 20% of the original wetland acreage exists today. The most
significant wetland losses have occurred north of 12" Road and south of Myers Lake. These
losses become obvious by comparing Figures 10 and 11.
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Figure 10. Wetlandsin the Four L akeswatershed.
Source: See Appendix A. Scale: 1"=4,000'.
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Figure 11. Hydric soilsin the Four L akeswater shed.
Source: See Appendix A. Scale: 1"=4,000'.

2.8 Natural Communitiesand Endangered, Threatened, and Rar e Species

The Indiana Natural Heritage Data Center database provides information on the presence of
endangered, threatened, or rare species; high quality natural communities; and natural areas in
Indiana. The Indiana Department of Natural Resources developed the database to assist in
documenting the presence of specia species and significant natural areas and to serve as a tool
for setting management priorities in areas where special species or habitats exist. The database
relies on observations from individuals rather than systematic field surveys by the IDNR.
Because of this, it does not document every occurrence of special species or habitat. At the same
time, the listing of a species or natural area does not guarantee that the listed speciesis present or
that the listed areaisin pristine condition. To assist users, the database includes the date that the
species or special habitat was last observed in a specific location.

Appendix B presents the results from the database search for the Four Lakes watershed. (For
additional reference, Appendix C provides a listing of endangered, threatened, and rare species
(ETR) documented in Marshall County.) The database documents relatively few endangered,
threatened, or rare species; high quality natural communities; or natural areas in the Four Lakes
watershed. The habitat within the watershed supports or at least historically supported one state
endangered animal species, the American badger (Taxidea taxus, 1988), and two species of
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specia concern including the pointed campeloma (Campeloma decisum, 1988), which is a snalil
species, and cisco (Coregonus artedi, 1988 and 1994) or lake heron, a fish species in the
trout/salmon family. The database document the sightings of the American badger near the
northern boundary of the watershed immediately south of the Menominee Wetland Conservation
Area. The database indicates that the two species of special concern were found within or
adjacent to Lawrence Lake. The last documented sightings of pointed campeloma occurred in
Myers and Lawrence Lakes in 1988, while cisco were last observed in Myers Lake in 1988 and
in Lawrence Lake in 1994. Based on field surveys conducted by biologists, JFNew (2000)
concluded that is was unlikely that either cisco or pointed campeloma still exist within Myers or
Lawrence Lakes. The database also notes the presence of one significant natural community, a
fen located between Millpond and Thomas Lakes in the southwestern corner of the Four Lakes
watershed.

3.0LAKE ASSESSMENT
3.1 Morphology and Shor eline Development

3.1.1 Cook L ake

Figure 12 presents Cook Lake' s morphology. Cook Lake is approximately 93 acres (37.6 ha) in
size and contains a volume of 1,647 acre-feet (2,031,114.6 m®, Table 11). Cook Lake possesses a
long narrow basin which lies along the northeast-southwest ordinance. The basin measures
approximately 8,570 feet (2,612 m) in length and varies from 1,160 to 1,770 feet (353.6 to 539.5
m) in width. Cook Lake contains three distinct deep holes which lie in the center of the lake
basin. The lake extends to a maximum depth of 52 feet (15.8 m) in the southwestern hole. The
center and northeastern holes are slightly shallower with depths of 45 feet (13.7 m) and 46 feet
(14.0 m), respectively. Water as shallow as 35 feet (10.7 m) separates the three deep holes. Cook
Lake possesses large expanses of shallow water. According to its depth-area curve (Figure 13),
approximately 44 acres (17.8 ha or 47%) of the lake is covered by water less than 5 feet (1.5 m)
deep, while nearly 56% of the lake (52 acres or 21.0 ha) is less than 20 feet (6.1 m) deep. Figure
14 shows that the lake's volume gradually increases to a depth of 35 feet (10.7 m) where the
curve gradually becomes steeper with each 5-foot (1.5-m) interval increase in depth. The sharp
increase in depth per unit volume in the lake's deeper water suggests that very little of Cook
Lake svolumeis contained in the lake' s deepest waters.

Table 11. Morphological characteristics of Cook L ake.

Cook Lake

Surface Area 93 acres (37.6 ha)

Volume 1,647 acre-feet (2,031,114.6 m°)

Maximum Depth 52 feet (15.8 m)

Mean Depth 17.7 feet (5.4 m)

Shoreline Length 11,341 feet (3,456.7 m)

Shoreline Development Ratio | 1.6:1

Legal LakeLevel 767.75 feet (234.0 m)
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Figure 13. Depth-area curvefor Cook L ake.
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Figure 14. Depth-volume curve for Cook L ake.

Cook Lake's morphology influences both the biotic community within the lake and the human
community located around the lake. For example, Cook Lake's extensive shallow area coupled
with its relatively good clarity suggests that the lake is capable of supporting a large rooted plant
community. Based on the lake's clarity, Cook Lake's littoral zone (or the zone capable of
supporting aquatic rooted plants) extends from the shoreline to the point where water depths are
approximately 18.6 feet (5.7 m). Referring to Cook Lake's depth-area curve (Figure 13), this
means that the lake' s littoral zone is 50 acres (20.2 ha) in size and covers 54% of the lake. This
large littoral zone can impact other biotic communities in the lake such as fish that use the plant
community for forage, spawning, cover, and resting habitat.

The shoreline development ratio is a measure of the development potential of a lake. It is
calculated by dividing alake's shoreline length by the circumference of a circle that has the same
area as the lake. A perfectly circular lake with the same area as Cook Lake (93 acres or 37.6 ha)
would have a circumference of 7,135 feet (2,175 m). Dividing Cook Lake's shoreline length
(11,341 feet or 3,456.7 m) by 7,135 feet yields aratio of 1.6:1. Thisratio is moderately low. The
lack of extensive shoreline channeling typically observed at other popular Indiana lakes such as
Lake Manitou results in Cook Lake's low shoreline development ratio. Given the immense
popularity of lakes in northern Indiana, lakes with high shoreline development ratios are often
highly developed. Increased development around |akes often leads to decreased water quality.

Cook Lake's size and shape or morphometry has been atered only dlightly since the settlement
of Marshall County. McDonald (1905) refers to Cook Lake as the largest of the Twin Lakes
(which also include Holem and Myers Lakes) measuring three-quarters of a mile in length and
one-half mile across. Mapping completed in 1876 by Baskin, Forster and Company refers to
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Cook Lake as Northwest Twin Lake and indicates that Cook Lake covered roughly 90% of its
current surface area. Although Cook Lake was mapped by Ogle and Company in 1922 as one of
the Three Sisters Lakes, the shape and surface area of the lake changed little over the preceding
50 years. Morphometry variations observed between historic maps and the most current
bathymetric maps could be due to advancement in measuring tools. The construction of Lake
Latonka likely contributed to the difference in surface area historically mapped.

Residential development of the shoreline around Cook Lake likely began in the mid to late
1950s. The Marshall County Historical Society (1986) documents residentia development
around Lawrence Lake beginning in 1954 when Willard Lawrence sold 12 lots on the north side
of the lake. Early aerial photography of the Cook Lake (1957) shows the presence of a limited
number of houses and piers around Cook Lake, indicating that minimal development occurred at
Cook Lake in a similar timeframe as that observed at Lawrence Lake. The houses and piers
identified in the 1957 aerial are mostly located along the southern shoreline of the lake on the
ridge separating Cook and Holem Lakes. Approximately ten additional houses are scattered
along the northern shoreline of Cook Lake. The 1957 aerial photograph also documents the
presence of a youth camp at the east end of the lake and a semi-permanent campground in what
would become Camper’s Roost along the northern shoreline. Forest, emergent wetland, and
agricultural areas border the northeastern, southwestern, and northwestern shorelines.

By the 1970s, development covered much more of Cook Lake's shoreline than that observed in
1957. During the 1970 fisheries survey, Robertson (1971) estimated that approximately 40% of
Cook and Holem Lake's shoreline was developed for residential use. (Fisheries surveys
completed by the Indiana Department of Natural Resources consider Cook and Holem Lakes as
one water body.) Robertson also noted the presence of the children’s camp covering much of the
eastern shoreline and identified four marinas and two resorts along the shores of Cook and
Holem Lakes. Aeria photographs from 1973 confirm the presence of houses scattered along
much of Cook Lake's northern shoreline with these houses more densely packed together than
those present in 1957.

Development continued along Cook Lake's shoreline over the next 30 years. By 1999, Indiana
Clean Lakes Program field biologists noted that nearly 75% of Cook Lake's shoreline was
developed for residential land use. Aerial photographs from 1998 indicated that houses and
mobile homes bordered nearly the entire northern shoreline of Cook Lake. Additional housing
units added along the ridge separating Cook and Holem Lakes also increased the residential
development of Cook Lake. In 2002, Price and Robertson (2003) estimated that residential
development covered nearly 95% of Cook Lake's shoreline. As part of the current study, a count
of the total number of homes indicated that 100 homes lie directly adjacent to Cook Lake's
shoreline. Of these homes, an estimated 75% were utilized full time. Surveyors recorded the
presence of an additional 49 homes located across the road from the shoreline. All of these
homes were estimated to be full-time residences. In total, approximately 150 homes lie adjacent
to Cook Lake.

Despite the ring of houses along Cook Lake's shoreline, nearly 66% of Cook Lake' s shorelineis
minimally or only moderately disturbed. (These areas are mapped as no seawall, minimally
disturbed in Figure 15.) Trees and emergent vegetation have been thinned along approximately
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36% of Cook Lake's shoreline. These areas possess at least a narrow band of emergent plants.
Natural wetland buffers cover much of the western, southern, and northeastern shorelines of
Cook Lake and, in some shallow locations like the eastern and western portions of the lake, are
spreading into the lake. In total, approximately 30% of Cook Lake's shoreline remains in its
natural state.

Approximately 34% of Cook Lake's shoreline has been completely altered from its natural state
(Figure 15). Along approximately 12% of Cook Lake's shoreline emergent and floating rooted
vegetation has been completely removed to expose sandy soils or mowed, residential lawns.
Nearly 22% of Cook Lake's shoreline has been armored with protective material including
wooden railroad timbers (13%), glacial stone or riprap (7%), or concrete seawalls (2%).

Shaoreline Surface
Concrete
Grass
Matural
Mo Seawall, Minimally Impacted
Rock

™

Figure 15. Shorinsurfce type observed at Cook and Holem Lake, August 6, 004.
Source: See Appendix A. Scale: 1"=800".

The shoreline surface becomes especially important in and adjacent to shallow portions of Cook
Lake. In areas where concrete seawalls are present, wave energy from wind and boats strike the
flat surface and reflect back into the lake. This creates an almost continuous turbulence in the
shallow areas of the lake. At points where the waves reflect back into the lake and meet
incoming waves, the wave height increases resulting in further in-lake turbidity. This turbulence
resuspends bottom sediments thereby increasing the transfer of nutrients from the sediment-
water interface to the water column. Continuous disturbance in shallow areas can aso encourage
the growth of disturbance-oriented plants.
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In contrast, shorelines vegetated with emergent or rooted floating vegetation or those areas
covered by sand will absorb more of the wave energy created by wind or boats. In these
locations, wave energy will dissipate along the shoreline each time a wave meets the shoreline
surface. Similarly, glacial stone seawalls or those covered by wood can decrease shallow water
turbulence and lakeward wave energy reflection while still providing shoreline stabilization.

3.1.2Holem Lake

Figure 12 presents Holem Lake' s morphology. Holem Lake is approximately 40 acres (16.2 ha)
in size and has a volume of 387 acre-feet (477,356.7 m*; Table 12). Holem L ake possesses along
narrow basin which lies parallel to Cook Lake and measures approximately 8,360 feet (2,548 m)
in length and 960 feet (292 m) in width. The lake possesses two deep holes which are located
near the eastern and western ends of the lake basin and extend to a depth of 29 feet (8.8 m).
Water 20 to 25 feet (6.1 to 7.6 m) deep separates the two basins. Holem Lake possesses large
expanses of shallow water. According to its depth-area curve (Figure 16), approximately 22.5
acres (9.1 ha or 57%) of the lake is covered by water less than 5 feet (1.5 m) deep, while nearly
71.8% of the lake (28.75 acres or 11.6 ha) isless than 20 feet (6.1 m) deep. Figure 17 shows that
the lake’' s volume gradually increases with depth to a depth of 25 feet (7.6 m) where the curveis
much steeper over the final 5 foot (1.5 m) interval. The sharp increase in depth per unit volume
in the lake's deeper water suggests that very little of Holem Lake's volume is contained in the
lake' s deepest waters.

Table 12. Morphological characteristics of Holem L ake.

Holem Lake

Surface Area 40 acres (16.2 ha)

Volume 387 acre-feet (477,356.7 n1°)
Maximum Depth 29 feet (8.8 m)

Mean Depth 9.7 feet (2.9 m)

Shoreline Length 10,470 feet (3,191.3 m)
Shoreline Development Ratio | 2.2:1

Legal Lake Level 767.75 feet (234.0 m)

Holem Lake' s morphology influences both the biotic community within the lake and the human
community located around the lake. For example, Holem Lake' s extensive shallow area suggests
the lake is capable of supporting a large rooted plant community. Based on the lake's clarity,
Holem Lake's littoral zone (or the zone capable of supporting aguatic rooted plants) extends
from the shoreline to the point where water depths are approximately 8.4 feet (2.6 m). Referring
to Holem Lake's depth-area curve (Figure 16), this means that the lake's littoral zone is 23.5
acres (9.5 ha) in size or 59 % of the lake. This means that nearly 60% of Holem Lake’s surface
area could support rooted plant growth. This large littora zone can impact other biotic
communities in the lake such as fish that use the plant community for forage, spawning, cover,
and resting habitat. The similarity of Holem Lake's shape with that of Cook Lake' s resultsin a
shoreline development ratio exactly the same as Cook Lake's (1.6:1; Tables 11 and 12). This
shoreline development ratio is moderately low and reflects the lack of channels on the lake.
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Figure 16. Depth-area curvefor Holem L ake.
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Figure 17 . Depth-volume curve for Holem L ake.

Like Cook Lake, Holem Lake's morphometry may have been altered only dlightly since the
settlement of Marshall County. McDonald (1905) refers to Holem Lake as the “smaller, marshy
pond” of the Twin Lakes (which aso include Cook and Myers Lakes). Mapping completed in
1876 by Baskin, Forster and Company and in 1899 by Blatchley refers to Holem Lake as
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Southwest Twin Lake. Blatchley’s survey documents the presence of steep banks with a narrow
band of marshy ground between the lake's surface water and its shoreline. Additionally,
Blatchley indicates that the lake measured three-quarters of a mile (3,960 feet or 1,207 m) long
and roughly 500 feet (151 m) wide. In 1899, Holem Lake's basin was roughly one-half to two-
thirds the size the lake is today. Variation in the portion of the adjacent emergent wetlands
included as part of Holem Lake and advances in measurement instrumentation and precision
likely account for some or all of the variation in lake size observed between historic and the most
current mapping.

Residential development of the shoreline of Holem Lake is similar to that observed at Cook
Lake. Early aerial photography of Holem Lake conducted in 1957 shows the presence of a few
houses along the southeastern shoreline and along the ridge separating Cook and Holem L akes.
Forest, agricultural land, and emergent wetland covers the southern shoreline of Holem Lake. In
1970, Robertson estimated that approximately 40% of Cook and Holem Lake's shoreline was
developed for residential use. Aerial photographs from 1973 confirm the presence of
approximately 10 house near the southwestern end of Holem Lake and approximately 20 houses
along the southeastern shoreline. The eastern and northwestern shorelines remained undevel oped
in 1973. Over the next 25 years residential development continued. In 1999, Indiana Clean Lakes
Program field biologists observed that 80% of the shoreline was developed for residential land
use, while forest and wetland covered the remaining 20% of the lake's shoreline.

Currently, Holem Lake' s shoreline appears much as it did in 1999. As part of the current study, a
count of the total number of homes indicated that 61 homes lie directly adjacent to Holem Lake's
shoreline. Of these homes, an estimated 80% were utilized full time. Surveyors recorded the
presence of an additional 21 homes located across the road from the shoreline. All of these
homes were estimated to be full-time residences. In total, approximately 82 homes lie adjacent to
Holem Lake.

Despite the ring of houses along the shores of Holem Lake, much of Holem Lake's shoreline is
vegetated by emergent or rooted floating plants (Figure 15). Nearly 75% of the shoreline remains
in its naturally vegetated state. Typically, lake residents alter lake shorelines by filling wetland
borders around lakes, removing emergent vegetation, and establishing manicured shorelines
complete with seawalls. Holem Lake has been spared much of the destruction associated with
residential development. Trees and emergent vegetation have been thinned along Holem Lake's
southern shoreline; however, approximately 11% of the developed areas along the lake's
shoreline possess at least a narrow band of emergent plants. Natural wetland buffers cover
western, northern, and eastern shorelines of Holem Lake and, in some shallow locations like the
eastern and western portions of the lake, are spreading into the lake. Given the small size, overall
shallow nature, and the heavy plant growth present within Holem Lake, its primary use s likely
aesthetic and low-impact recreation such as fishing, canoeing, and swimming. Shallow portions
of the lake also serve as habitat for fish, amphibians, waterfowl, insects, and other water
dependent species. These uses are compatible with and in some cases rely upon a well-vegetated
shoreline like that present around much of Holem Lake. Additionally, emergent plant
communities dampen wind-driven wave energy, thereby reducing the velocity at which waves
impact the lake' s shoreline.
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Wooden railroad timbers, glacia rock, and mowed grass cover the remaining 14% of Holem
Lake' s shoreline. The narrow band of emergent wetland observed by Blatchley (1900) remains
intact along much of the northern, western, southwestern, and eastern shorelines. Much of the
southern shoreline has been altered and emergent vegetation removed as residential development
increased in this area.

3.1.3Kreighbaum L ake

Figure 18 presents Kreighbaum Lake's morphology. (For purposes of this discussion and
throughout the report, the shoreline of Kreighbaum Lake is that demarcated by the boundary in
Figure 18. All emergent wetland, shallow areas, and any other percentages discussed throughout
this report are based on the acreage and volume calculated from this boundary.) Kreighbaum
Lake is approximately 39 acres (15.8 ha) in size and possesses a volume of 425 acre-feet
(524,228.9 m*; Table 13). The lake consists of one deep basin 36 feet (11.0 m) deep surrounded
by gradually shallower water. The deepest point of the lake occurs near the northeastern corner
of the lake. Kreighbaum L ake possesses large expanses of shallow water. According to its depth-
area curve (Figure 19), approximately 15 acres (38% or 6.1 ha) of the lake is covered by water
less than 5 feet (1.5 m) deep, while nearly 81% (31.5 acres or 12.7 ha) of the lake is less than 20
feet (6.1 m) deep. The wetland connecting Kreighbaum and Millpond L akes accounts for most of
Kreighbaum Lake's surface area covering water less than 5 feet (1.5 m) deep. Figure 20 shows
that the lake's volume gradually increased to a depth of 25 feet (7.6 m) where the curve
gradually becomes steeper with each 5-foot (1.5-m) interval increase in depth. The sharp
increase in depth per unit volume in the lake's deeper water suggests that very little of
Kreighbaum Lake’ s volume is contained in the lake' s deepest waters.

Table 13. Morphological characteristics of Kreighbaum L ake.

Kreighbaum L ake

Surface Area 39 acres (15.8 ha)

Volume 425 acre-feet (524,228.9 m)
Maximum Depth 36 feet (11.0 m)

Mean Depth 10.9ft (3.3 m)

Shoreline Length 4,532 feet (1,381.3 m)
Island Shoreline Length 1,490 feet (452.3 m)
Shoreline Development Ratio* | 1.5:1

Legal LakeLevel 767.75 feet (234.0 m)

*ncluding the shoreline of Kreighbaum Lake and the two islands.
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Figure 18. Bathymetric map for Kreighbaum and Millpond L akes.
Source: IDNR, 1955. Scale: 1" =approximately 1,560'.
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Figure 19. Depth-area curvefor Kreighbaum L ake.
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Kreighbaum L ake Depth-Volume Curve

(6]
1

3
1

=
o

o
g

\
\
N\
\
|

[ERN
(O3]

Depth (ft)
N DN
o1 O

(O8]
o

w
()]

N
o

0 50 100 150 200 250 300 350 400 450
Volume (acre-feet)

Figure 20. Depth-volume curve for Kreighbaum L ake.

Kreighbaum Lake's morphology influences both the biotic community within the lake and the
human community located around the lake. For example, Kreighbaum Lake's extensive shallow
area coupled with its excellent clarity suggests the lake is capable of supporting a large rooted
plant community. Based on the lake's clarity, Kreighbaum Lake's littoral zone (or the zone
capable of supporting aquatic rooted plants) extends from the shoreline to the point where water
depths are approximately 16.5 feet (5.0 m). Referring to Kreighbaum Lake's depth-area curve
(Figure 18), this means that the lake's littoral zone is 27 acres (10.9 ha) in size or 69% of the
lake. This means that nearly 70% of Kreighbaum Lake's surface area could potentially support
rooted plant growth. Thislarge littoral zone can impact other biotic communities in the lake such
as fish that use the plant community for forage substrate, spawning, cover, and resting habitat.
Kreighbaum Lake's shoreline development ratio is 1.5:1. The nearly circular shape of
Kreighbaum Lake and the presence of the two islands that cover much of the southern portion of
the lake results in the lowest shoreline development ratio of any of the Four Lakes. Aswith Cook
and Holem Lakes, the lack of extensive shoreline channeling typically observed at other popular
Indiana lakes such as Lake Manitou results in alow shoreline development ratio at Kreighbaum
Lake.

Unlike Cook and Holem Lakes, Kreighbaum Lake's size and shape (morphometry) has been
greatly altered since the settlement of Marshall County. Early maps of the area indicate that
Kreighbaum Lake contained a smaller surface area than that which is present currently. The
basin was nearly circular in shape and connected to Millpond Lake through a narrow stream
channel (Baskin, Forster and Company, 1876; Ogle and Company, 1922). When Harry Cool
Ditch was dammed to create Lake Latonka (Rowe, 1981) water flooded the shallow areas
between Kreighbaum and Millpond Lakes changing the shape, surface area, and volume of
Kreighbaum Lake.
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Like Cook and Holem Lakes, residential development along the shoreline of Kreighbaum Lake
began in the mid to late 1950s. Aerial photographs from 1951 show the presence of three houses
along the northern shoreline of Kreighbaum Lake. Agricultural land, emergent wetland, and
forest dominate the remainder of the lakeshore. By 1973, approximately ten houses border the
northern and northeastern shoreline of Kreighbaum Lake. Estimates by Rowe (1981) indicate
that roughly 10% of Kreighbaum and Millpond Lakes shorelines were developed for residential
uses. Within 25 years, the northeastern, northern, northwestern, and western shorelines of
Kreighbaum Lake were developed. Indiana Clean Lakes Program field biologists estimated that
residential development covered approximately 75% of Kreighbaum Lake's shoreline. Wetlands
and forest bordered the remaining 25% of the lake' s shoreline.

Development along the shores of Kreighbaum Lake has changed little over the past five years.
Aerial photos from 2003 indicate that approximately 75% of Kreighbaum Lake's shoreline is
covered by residential development. As part of the current study, a count of the total number of
homes indicated that 42 homes lie directly adjacent to Kreighbaum Lake's shoreline. Of these
homes, an estimated 75% are utilized full time. Surveyors recorded the presence of an additional
11 homes located across the road from the shoreline. All of these homes were estimated to be
full-time residences. In total, approximately 53 homes lie adjacent to Kreighbaum L ake.

Despite the predominance of residentia development, emergent and rooted floating plants
vegetate much of Kreighbaum Lake's shoreline (Figure 21). Only two portions of the lake's
shoreline have been completely cleared of emergent plants for the instalation of an alternate
shoreline cover. Residents removed emergent vegetation along the western shoreline replacing it
with wooden railroad timbers which cover approximately 10% of the lakeshore. Additionally,
vegetation was removed near the northwest corner of the lake exposing the natural sandy soils
that are predominant within the area. The remaining 85% of the lake’s shoreline contains at least
a narrow band of emergent vegetation. In total, approximately 54% of Kreighbaum Lake's
shoreline, most notably the eastern and southwestern portions of the shoreline, remain in its
naturally vegetated state.
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Source: See Appendix A. Scale: 1"=1,200'.
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e type observed at Kreighbaum and Millpond Lakes, August 6,

3.1.4 Millpond Lake

Figure 18 presents Millpond Lake's morphology. Millpond Lake is approximately 129 acres
(52.2 ha) in size and contains a volume of 578 acre-feet (712,951; Table 14). Millpond Lake
possesses along narrow basin, which extends approximately 8,000 feet (2,438 m) in length from
east to west and varies from 200 feet to 1160 feet (60.9 to 353.6 m) in width from north to south.
Two deep holes measuring 10 feet (3.1 m) and 15 feet (4.6 m) are located at the west and east
ends of the lake, respectively. Water 5 feet (1.5 m) deep or shallower separates the two holes.
Millpond Lake possesses large expanses of shallow water. According to its depth-area curve
(Figure 22), approximately 85 acres (34.4 ha or 66%) of the lake is covered by water less than 5
feet (1.5 m) deep, while nearly 98% of the lake (127 acres or 51.4 ha) is less than 15 feet (4.6 m)
deep. Figure 23 shows that the lake's volume gradually increased to a depth of 10 feet (3.1 m)
where the curve gradually becomes steeper with each 5-foot (1.5-m) interval increase in depth.
The sharp increase in depth per unit volume in the lake' s deeper water suggests that very little of
Millpond Lake' s volume is contained in the lake' s deepest waters.
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Table 14. Morphological characteristics of Millpond L ake.

Millpond L ake

Surface Area 129 acres (52.2 ha)

Volume 578 acres-feet (712,951.4 m°)
Maximum Depth 15 feet (4.6 m)

Mean Depth 4.5feet (1.4 m)

Shoreline Length 22,373 feet (6,819.3 m)
Shoreline Development Ratio* | 2.8:1

Lega LakeLeve 767.75 feet (234.0 m)

* Including the shoreline of Millpond Lake and the two islands.
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Figure 22. Depth-area curvefor Millpond L ake.
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Millpond L ake Depth-Volume Curve
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Figure 23. Depth-volume curve for Millpond L ake.

Millpond Lake's morphology influences both the biotic community within the lake and the
human community located around the lake. For example, Millpond Lake' s extensive shallow
area suggests the lake is capable of supporting a large rooted plant community. Based on the
lake's clarity, Millpond Lake's littoral zone (or the zone capable of supporting aquatic rooted
plants) extends from the shoreline to 15 feet (4.6 m), the maximum depth of the lake. This means
that the lake' slittoral zone covers the entire lake. The shallow nature of the lake coupled with the
good transparency can impact other biotic communities in the lake such as fish that use the plant
community for forage, spawning, cover, and resting habitat. Millpond Lake's shoreline
development ratio is the highest of any of the Four Lakes (2.8:1). The number of embayments
and the long, narrow shape of the lake create a long interface between the terrestrial and aquatic
habitat. However, when comparing this ratio with other popular recreational lakes, this ratio is
relatively low.

Millpond Lake, originally named Zehner Millpond, was created in 1832 (Faulkner, 1961). The
Millpond created power for the first grist mill in Marshall County. Individuals selected this
location based on three reasons. the gradient of Forge Creek as it exited the Twin Lakes, the
continuous supply of flowing water created by the lakes located upstream, and the fact that the
area was not subject to flooding (Anderson, 1987). The shalow nature of Millpond Lake is
detailed in maps completed by Baskin, Forster and Company (1876). Maps indicate that
wetlands extend north to 12" Road and south to 14™ Road. Much of the remaining shoreline was
covered by forest or utilized for agricultural production. Over the next 90 years, mining of ore
from the surrounding areas continued. However, the area was gradually abandoned. The grist
mill stood on its original location until 1922 when individuals cleared the surrounding woods and
removed the building in order to create additional farm land (Swindell, 1923).

54 JFNew page 43

File #02-10-37



Four Lakes Diagnostic Study July 8, 2005
Marshall County, Indiana

The morphometry of and development along Millpond Lake's basin has changed little since
1923. Aeria photographs from the early 1950s indicate that few houses were located along
Millpond Lake's shoreline. Agricultural land covered much of the northern shoreline of
Millpond Lake. The 1957 aerial indicates that one house was located aong the southeastern
shoreline and two houses were located along the northwestern embayment. By 1973,
approximately fifteen houses bordered Millpond Lake. The houses and piers identified in the
1973 aeria photographs are mostly located around the northwestern bay and along the southern
shoreline. Agricultural fields bordered the northern shoreline with emergent wetland and forested
land along much of the southern shoreline of Millpond Lake. Development continued through
the 1980s, when approximately 10% of Kreighbaum and Millpond Lakes shorelines were
developed (Robertson, 1980), through the late 1990s. Aeria photographs from 1998 indicate that
much of the northern, northwestern, and southern shorelines were developed. In 1999, Indiana
Clean Lakes Program field biologists estimated that 60% of Millpond Lake's shoreline was
developed for residential use.

Shoreline development has changed little over the past five years. As part of the current study, a
count of the total number of homes indicated that approximately 70 homes lie directly adjacent
to Millpond Lake. Of these homes, an estimated 90% are utilized full time. Surveyors recorded
the presence of an additional 38 homes located across the road from Millpond Lake's shoreline.
All of these homes were estimated to be full-time residences. In total, approximately 110 homes
lie adjacent to Millpond Lake. Like Kreighbaum Lake, much of Millpond Lake's shoreline is
vegetated by emergent or rooted floating plants. Shorelines in their naturally vegetated form
cover approximately 63% of Millpond Lake's shoreline, while approximately 22% of the
shoreline contains at least a minimal fringe of emergent vegetation. Glacia rock, wooden
railroad timbers, sand, and grass cover approximately 15% of the shoreline. Figure 21 displays
areas where emergent vegetation has been replaced with alternate shoreline cover.

3.2 Historical Water Quality Data

3.21Cook Lake

The Indiana Department of Natural Resources, Division of Fish and Wildlife, the Indiana State
Pollution Control Board, volunteer monitors, and the Indiana Clean Lakes Program have
conducted various water quality tests on Cook Lake. Table 15 presents a summary of some
selected water quality parameters from these assessments of Cook Lake.

Secchi disk transparency depths gradually declined from the 1970s to the 1990s before
rebounding in the last few years (Table 15). The IDNR Division of Fish and Wildlife recorded a
Secchi disk transparency depth of 10.5 feet (2.3 m) in 1970, the highest summertime Secchi disk
transparency recorded for Cook Lake. Water clarity declined in the years following 1970,
reaching alow of 2.3 feet (0.7 m) in 1989. Secchi disk transparency increased slightly during the
1990s ranging from 2.3 to 3.0 feet (0.7 to 0.9 m). Measurements recorded in 2004 indicate that
transparency is improving within Cook Lake. (Both 1U-SPEA and JFNew measured Secchi disk
transparency depths of 6.2 feet (1.9 m) at different timesin 2004 at Cook Lake.) However, Cook
Lake's trangparency remains below the median transparency recorded in Indiana lakes. Despite
seasonal variation, Secchi disk transparencies observed by the Indiana Clean Lakes Program,
IDNR Division of Fish and Wildlife, and volunteer monitors over the past 15 years show a slight
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trend of decreasing transparency over time (Figure 24). The best transparency measurement
recorded by volunteers (13.75 feet or 4.1 m) was recorded in May 1991. The worst transparency
reading (2.25 feet or 0.7 m) occurred in both July and September of 1990). These readings
follow typical patterns observed in lakes throughout Indiana. Transparency is at its best near the
start and end of the growing season (typically April to June and late September to October). Poor
Secchi disk transparencies, such as those observed in Cook Lake in 1990, typically occur in

Indiana lakes during July and August when algal and non-algal turbidities are at their highest.

Table 15. Summary of historic data for Cook L ake.

Date Secchi Pe_r cent Mean TP Pla_nkton TSI Score Data Sour ce
(ft) [ Oxic (%) (mg/L) Density (#L) | (based on means)

7/7/1970 | 105 63% -- -- - Raobertson, 1971

1970s 9.0 -- 0.18* -- 408 IDEM, 1986
6/6/1976 7.0 63% -- - -- Raobertson, 1977
6/11/1989 ( 2.3 20% 0.267 5,804 43 CLP, 1989

1990 2.8% - -- -- -- Volunteer Monitor, 1990

1992 3.3% - -- -- -- Volunteer Monitor, 1992
7/19/1995 | 2.3 13% 0.295 543,219 64 CLP, 1995
7/31/1999 | 3.0 20% 0.055 3,018 29 CLP, 1999
6/10/2002 | 3.6 -- -- - - Robertson and Price, 2003

2002 4.8% -- -- -- -- Volunteer Monitor, 2002

2003 3.9¢ -- -- -- -- Volunteer Monitor, 2003

2004 4.4 -- -- -- - Volunteer Monitor, 2004
8/1/2004 6.2 27% 0.223 5,803 32 Present Study

* Water column average; al other values are mean of epilimnion and hypolimnion values.
8 Eutrophication Index (EI) score. The El differs slightly but is still comparable to the TSI used today.
“Volunteer monitoring data collected through the Indiana Clean Lakes Volunteer Monitoring Program. Data

displayed in the table represent median values for data collected annually during July and August.
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Figure 24. Historical Secchi disk transparency data for Cook L ake sampled by the Indiana
Clean Lakes Program, IDNR Division of Fish and Wildlife, and the Indiana Clean Lakes
Volunteer Monitoring Program.

Most of the data in Table 15 suggest that water quality within Cook Lake is slightly poorer than
most Indiana lakes. Measurements recorded in the 1970s indicate that nearly 63% of the water
column contained sufficient oxygen to support healthy biotic communities. However, data
recorded over the past 15 years indicate that only 20% to 27% of the water column was
adequately oxygenated. Total phosphorus and concentrations have been variable over the past 35
years (Table 15). The lowest total phosphorus concentration (0.055 mg/L) occurred in 1999,
which corresponds with the least dense plankton community. Likewise, the highest total
phosphorus concentration was observed in 1995 and corresponds with the densest plankton
community. In every year except 1999, hypolimnetic total phosphorus concentrations exceeded
epilimnetic phosphorus concentrations. Much of this total phosphorus was comprised of soluble
reactive phosphorus (SRP), suggesting that the lake was releasing the phosphorus from its
bottom sediments.

The Indiana TSI scores indicate that overall productivity increased from the 1970s to 1995
before decreasing to levels currently observed in Cook Lake. In the 1970s, the TSI score of 40
indicated that the lake was eutrophic. The increase in TS| score to 64 in 1995 suggests that the
lake' s productivity increased. The 1995 TSI score places the lake in the hypereutrophic category.
Results from the 1999 and 2004 (current) surveys place the lake at the upper end of the
mesotrophic category to the lower end of the eutrophic category.

Figures 25 and 26 display dissolved oxygen and temperature profiles recorded during IDNR
fisheries surveys and Indiana Clean Lakes Program (CLP) assessments. All of the temperature
profiles show the Cook Lake was stratified. The temperature profiles observed by the IDNR
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Division of Fish and Wildlife during the 1970s and 2003 fisheries surveys were recorded early in
the growing season resulting in weaker stratification than is present during survey conducted
during the 1990s. The strongly developed hypolimnion present during the 1995 and 1999 surveys
istypical of Indiana lakes. In 1995, the lake was anoxic below 10 feet (3.0 m). The 1989 and
1999 profiles exhibit slightly better oxygen conditions with anoxia occurring below 13 feet (3.9
m). The 1970 and 1976 sampling profilesillustrate different conditions than those observed from
1989 to 1999. In the 1976 dissolved oxygen profile there is a sharp increase in dissolved oxygen
in the lake's metalimnion. This results in a positive-heterograde profile. Positive-heterograde
profiles are characterized by a peak in oxygen concentration at a depth below the water surface,
such as the peak in the 1976 profile beginning around 15 feet (4.6 m) below the water surface.
The peak is likely associated with a higher concentration in phytoplankton at that particular
depth layer. Called a metalimnetic oxygen maximum, the peak results when the rate of settling
plankton slows in the denser waters of the metalimnion. At this depth, the plankton can take
advantage of nutrients diffusing from the nutrient-enriched hypolimnion. As the plankton at this
depth photosynthesize, they release oxygen into the water column, creating the peak in oxygen at
that level.

Historic Temperature Profiles- Cook Lake
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Figure 25. Historical temperature profilesfor Cook Lake.
Source: Robertson, 1971; Robertson, 1977; CLP, 1989, 1995, and 1999; Robertson and Price, 2003.
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Historic Dissolved Oxygen Profiles- Cook Lake
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Figure 26. Historical dissolved oxygen profilesfor Cook Lake.
Source: Robertson, 1971; Robertson, 1977; CLP, 1989, 1995, and 1999; Robertson and Price, 2003.

The data displayed in Tables 16 through 18 contain summary data from the Indiana Clean Lakes
Program comprehensive assessments. The data indicate that, in general, water quality conditions
have declined and Cook Lake is best described as a eutrophic to hypereutrophic lake. Water
clarity in the 1990s was poor. Secchi disk transparency depth measured a maximum of 3 feet (0.9
m). During the same time period, a maximum of 16% of the incident light reached a water depth
of 3 feet. (In clearer lakes, light transmission at 3 feet can be expected to exceed 50%.) By a
depth of approximately 8 feet (2.4 m), light had been extinguished to the point where
photosynthesis could not be supported. This limits the habitat availability for rooted plants.
Historic data also shows that Cook L ake supported a healthy algal population. The concentration
of chlorophyll a was very high, measuring 45 ug/L in 1995 and 28 pg/L in 1999. Chlorophyll a
concentrations of this magnitude are usually characteristic of hypereutrophic lakes. Plankton
populations measured in 1995 (Table 17) were greater than ten times the median concentration
observed in Indiana lakes. In 1989 and 1995, blue-green algae, a nuisance algae associated with
productive lakes, represented greater than 90% of the Cook Lake algal community. The low
density plankton population and lack of blue-green algal dominance during the 1999 survey
resulted in a lower Indiana TSI score than those observed during 1995 and 1999. (The Indiana
TSI relies strongly on the algal population for score computation. Other comparison methods
may provide a more comparable measurement of Cook Lake's productivity than the 1TSI.)
Elevated nutrient concentrations and poor Secchi disk transparency indicate that something other
than light was limiting the algal population during the 1999 assessment. Combined, this data
suggest Cook Lake was best described as a eutrophic to hypereutrophic lake at the time of the
1989, 1995, and 1999 CL P sampling.
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Table 16. Historical water quality characteristics of Cook Lake, June 11, 1989.

July 8, 2005

Table 17. Historical water quality characteristics of Cook Lake, July 31, 1995,

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

Secchi Depth Transparency 0.7m - 6
Light Transmission @ 3 ft. 10% - 4
Total Phosphorous 0.063 mg/L 0.471 mg/L 4
Soluble Reactive Phosphorous 0.003 mg/L 0.442 mg/L 4
Nitrate-Nitrogen 0.943 mg/L 1.916 mg/L 3
Ammonia-Nitrogen 0.031 mg/L 3.270 mg/L 4
Organic Nitrogen 1.631 mg/L 0.927 mg/L 3
Oxygen Saturation @ 5ft. 58% - 0
% Water Column Oxic 20% - 4
Plankton Density 3,100/L - 1
Blue-Green Dominance 96.7% - 10

TSI Score 43

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.7 6.6 -
Alkalinity 145 mg/L 212 mg/L -
Conductivity 370 pmhos 315 pmhos -
Secchi Depth Transparency 0.7m - 6
Light Transmission @ 3 ft. 10% - 4
1% Light Level 5.8 ft - -
Total Phosphorous 0.057 mg/L 0.533 mg/L 4
Soluble Reactive Phosphorous 0.005 mg/L 0.535 mg/L 4
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.039 mg/L 2.837 mg/L 4
Organic Nitrogen 1.594 mg/L 1.071 mg/L 3
Oxygen Saturation @ 5ft. 98.3% - 0
% Water Column Oxic 13.2% - 4
Plankton Density 543,219/L - 25
Blue-Green Dominance 93.2% - 10
Chlorophyll-a 45.82 ug/L - -
TSI Score 64
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Table 18. Historical water quality characteristics of Cook Lake, July 19, 1999.

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.7 5.7 -
Alkalinity 135 mg/L 200.5 mg/L -
Conductivity 371 umhos 295 pmhos -
Secchi Depth Transparency 09m - 6
Light Transmission @ 3 ft. 16% - 4
1% Light Level 8.4 ft - -
Total Phosphorous 0.046 mg/L 0.063 mg/L 3
Soluble Reactive Phosphorous 0.010 mg/L 0.410 mg/L 4
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.018 mg/L 2.082 mg/L 4
Organic Nitrogen 1.432 mg/L 0.702 mg/L 3
Oxygen Saturation @ 5ft. 66% - 0
% Water Column Oxic 20% - 4
Plankton Density 3,017/L - 1
Blue-Green Dominance 29.7% - 0
Chlorophyll-a 28.17 ug/L - -

TSI Score 29

3.2.2Holem Lake

The Indiana Department of Natural Resources, Division of Fish and Wildlife, the Indiana State
Pollution Control Board, volunteer monitors, and the Indiana Clean Lakes Program have
conducted various water quality tests on Holem Lake. Table 19 presents some selected water
guality parameters for these assessments of Holem Lake.

The data in Table 19 suggest that the water quality in Holem Lake is typical or slightly better
than most Indiana lakes. Secchi disk transparency depths fluctuated from year to year, but in all
years except 1989 and 2004, Secchi disk transparency depths were greater than the median
Secchi disk transparency depth for Indiana lakes. Transparency generaly increased from the
1970s to 1999, when a record transparency of 11.5 feet (3.5 m) was observed. Secchi disk
transparency declined from 1999 to 2004 reaching alow of less than 3.0 feet (0.9 m), which was
recorded by both |U-SPEA and JFNew during the current assessment. Although the Secchi disk
transparency was seasonally variable, it shows neither an increasing nor a decreasing trend in
transparency over time (Figure 27). Total phosphorus concentrations were elevated in 1989 but
declined to moderate levels for Indiana lakes in 1995. Concentrations increased over the past 10
years but remained below the median concentration observed in Indiana lakes. Historic total
phosphorus concentrations indicate that Holem Lake likely supported algal blooms in the
summer. In 1989, measurements indicate that nearly 75% of the water column contained
sufficient oxygen to support healthy biotic communities. However, only 38% of the water
column contained sufficient oxygen during the current assessment. This decrease in oxygen
limits the availability of habitat for the lake' s inhabitants and increases the potentia for nutrient
release from the lake' s bottom sediments.
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Table 19. Summary of historic data for Holem L ake.
Date Secchi Pe_r cent Mean TP Plal_nkton TSI Score Data Sour ce
(ft) Oxic (%) (mg/L) Density (#L) | (based on means)
1970s 8.5 0.03* -- 238 IDEM, 1986
6/11/1989 6.2 75% 0.254 94,487 41 CLP, 1989
1990 8.4% -- -- -- -- Volunteer Monitor, 1990
1991 9.1¢ -- -- -- -- Volunteer Monitor, 1991
1992 11.3% -- -- -- -- Volunteer Monitor, 1992
7/19/1995 10.5 50% 0.089 24,705 30 CLP, 1995
7/31/1999 115 50% 0.118 2,017 23 CLP, 1999
2002 8.2% -- -- -- -- Volunteer Monitor, 2002
2003 9.5¢ - -- -- - Volunteer Monitor, 2003
6/10/2003 7.0 63.6% -- -- - Robertson and Price, 2003
2004 5.1 -- -- -- -- Volunteer Monitor, 2004
8/11/2004 3.0 38% 0.123 21,883 39 Present Study

* Water column average; al other values are mean of epilimnion and hypolimnion values.
8 Eutrophication Index (El) score. The El differs slightly but is still comparable to the TSI used today.

“Volunteer monitoring data collected through the Indiana Clean Lakes Volunteer Monitoring Program. Data
displayed in the table represent median values for data collected annually during July and August.
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Figure 27. Historical Secchi disk transparency data for Holem L ake sampled by the Indian
Clean Lakes Program, IDNR Division of Fish and Wildlife, and Indiana Clean Lakes
Volunteer Monitoring Program.
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The other parameters displayed in Table 19 do not show a trend. Plankton densities were
variable for the years in which it was collected, making it difficult to discern any trends in water
quality from this data. The highest plankton concentration was recorded in 1989. Since that time,
plankton concentrations fluctuated from approximately 2,000 organisms/L to 20,000
organisms/L. Blue-green algae, which are typically associated with degraded water quality,
comprised 54% to 93% of the plankton community during each of the surveys where plankton
was collected. The Indiana TSI scores, which combine many of the individual parametersinto a
single index score, suggest the lake’ s water quality improved from 1989 to 1999 before declining
to the level observed during the current study. The TSI scores of 41 and 39 from the 1970s and
the current study, respectively, place the lake in the eutrophic category. Scores from the 1990s
place the lake in the mesotrophic range.

Tables 20 through 22 and Figures 28 and 29 present the results of the most recent (excluding the
current study) examinations of Holem Lake. The 1989, 1995, and 1999 temperature profiles
(Figure 28) show that Holem Lake was stratified at the time of sampling and indicate a
developed hypolimnion. In 1989, anoxic conditions did not occur within Holem Lake; however,
below 16 feet (4.9 m) the water’s dissolved oxygen concentration was very low. In 1995 and
1999, anoxic conditions existed below 20 feet (6.1 m; Figure 29). The 2003 dissolved oxygen
profile illustrates a condition similar to that observed in Cook Lake in the 1970s, where a sharp
increase in oxygen at 4 feet (1.2 m) creates a positive-heterograde profile. Increased
photosynthesis by settling phytoplankton typically causes such a profile.

Historic Temperature Profiles- Holem Lake
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Figure 28. Historical temperature profilesfor Holem Lake.
Source: CLP, 1989, 1995, and 1999; Robertson and Price, 2003.
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Historic Dissolved Oxygen Profiles- Holem Lake
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Figure29. Historical dissolved oxygen profilesfor Holem L ake.
Source: CLP, 1989, 1995, and 1999; Robertson and Price, 2003.

In addition to the Secchi disk transparency depths, other parameters indicate that Holem Lake's
water clarity changed little from 1989 to 1999. The amount of light that penetrated the lake's
water column to a depth of three feet decreased from 47% in 1989 to a low of 25% in 1995
before increasing to a high of 55% in 1999. The lake’'s 1% light level, the level at which only 1%
of surface light penetrates, did not change from 1995 to 1999 extending to a depth of 17 feet (5.2
m) during both surveys.

The nutrient data provide additional information about Holem Lake. While mean total
phosphorus is variable for the three years as shown in Tables 20 to 22, the more detailed
evauations show that hypolimnetic total phosphorus concentrations are much higher than
epilimnetic total phosphorus concentrations. The detailed evaluations also show that in 1989 and
1995 much of the total phosphorus was in the dissolved form of phosphorus (SRP). This
indicates that the lake is releasing phosphorus from its bottom sediments. Additionally, Holem
Lake exhibited high hypolimnetic ammonia concentrations, suggesting decomposition of organic
matter is occurring in the lake's bottom waters. Nitrate levels were very high in 1989, but this
were low during the 1995 and 1999 assessments. The Indiana TSI scores varied over the ten
years. Generally, the Indiana TSI scores suggest that in 1989 Holem Lake was eutrophic, while
the Indiana TSI scoresin 1995 and 1999 suggest that the lake was mesotrophic.
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Table 20. Historical water quality characteristics of Holem Lake, June 11, 1989.

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

Secchi Depth Transparency 19m - 0
Light Transmission @ 3 ft. 47% - 3
Total Phosphorous 0.026 mg/L 0.482 mg/L 4
Soluble Reactive Phosphorous 0.007 mg/L 0.397 mg/L 4
Nitrate-Nitrogen 0.412 mg/L 0.510 mg/L 2
Ammonia-Nitrogen 0.022 mg/L 5.145 mg/L 4
Organic Nitrogen 1.565 mg/L - 3
Oxygen Saturation @ 5ft. 103% - 0
% Water Column Oxic 5% - 1
Plankton Density 94,487/ - 10
Blue-Green Dominance 92.3% - 10

TSI Score 41

Table 21. Historical water quality characteristics of Holem Lake, July 31, 1995,

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.45 6.37 -
Alkalinity 166 mg/L 234 mg/L -
Conductivity 445 pmhos 385 pmhos -
Secchi Depth Transparency 32m - 0
Light Transmission @ 3 ft. 25% - 4
1% Light Level 17 ft - -
Total Phosphorous 0.013 mg/L 0.164 mg/L 3
Soluble Reactive Phosphorous 0.005 mg/L 0.075 mg/L 2
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.028 mg/L 2.308 mg/L 4
Organic Nitrogen 0.562 mg/L 1.165 mg/L 2
Oxygen Saturation @ 5ft. 99.9% - 0
% Water Column Oxic 50% - 2
Plankton Density 24,705/L - 3
Blue-Green Dominance 79.5% - 10
Chlorophyll a 2.26 ng/L - -

TSI Score 30
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Table 22. Historical water quality characteristics of Holem Lake, July 19, 1999.

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.4 7.4 -
Alkalinity 156 mg/L 219 mg/L -
Conductivity 432 umhos 382 umhos -
Secchi Depth Transparency 3.5m - 0
Light Transmission @ 3 ft. 55% - 2
1% Light Level 17 ft - -
Tota Phosphorous 0.028 mg/L 0.207 mg/L 3
Soluble Reactive Phosphorous 0.014 mg/L 0.049 mg/L 1
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.018 mg/L 0.876 mg/L 2
Organic Nitrogen 0.362 mg/L 1.668 mg/L 3
Oxygen Saturation @ 5ft. 90% - 0
% Water Column Oxic 50% - 2
Plankton Density 2,017/L - 0
Blue-Green Dominance 53.9% - 10
Chlorophyll a 3.36 ug/L - -

TSl Score 23

3.2.3Kreighbaum Lake

The Indiana Department of Natural Resources, Division of Fish and Wildlife, the Indiana State
Pollution Control Board, volunteer monitors, and the Indiana Clean Lakes Program have
conducted various water quality tests on Kreighbaum Lake. Table 23 presents a summary of
some selected water quality parameters from these assessments of Kreighbaum Lake.

Based on some of the parameters in Table 23, Kreighbaum Lake's water quality may have
worsened dlightly over the past 35 years, but the decrease in quality has not been significant.
There has been a gradual decrease in water clarity in Kreighbaum Lake over the past 35 years. In
the 1970s, Secchi disk transparency depth measured 11 feet (3.4 m), the deepest transparency
observed in Kreighbaum Lake. Secchi disk transparency depths ranged from 7.2 to 9.8 feet (2.2
to 3.0 m) from 1980 to 1995. In contrast, all Secchi disk transparency depths were below 7 feet
(2.1 m) after 1995. Volunteer monitoring, Indiana Clean Lakes Program, and IDNR Division of
Fish and Wildlife data indicates a decreasing trend in transparency. This trend should be viewed
with caution due to seasonal variation and the collection of only limited data after 1993 (Figure
30). Volunteers conducted Secchi disk transparency readings from late March through to late
October from 1990 to 1993; however, volunteers only completed transparency readings in early
September 2003, which is when transparency is likely at its lowest. Tota phosphorus
concentration in Kreighbaum Lake's water column appears to have increased from the 1970s to
the 1990s. Since 1995, total phosphorus concentrations have fluctuated. Total phosphorus
concentrations exceeded the median concentration observed in Indiana lakes in 1991, 1995, and
2004 (current study). The percentage of the water column that contains oxygen has decreased
over the past 25 years. In 1980, approximately 70% of the water column contained oxygen,
providing ample habitat for the lake’'s inhabitants. (This percentage is likely higher than those
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observed during the 1990s because it was recorded earlier in the season.) Since 1980, the
percentage of the water column with oxygen decreased to a range of 40% to 50%. Finally, the
Indiana TSI scores decreased from the 1970s to the 1990s. Since 1991, Indiana TSI scores have
fluctuated, but remain generally similar. The score from the 1970s suggests that Kreighbaum
Lake is eutrophic, while the scores from the 1990s and the current assessments suggest the lake
is mesotrophic to eutrophic. Since the Indiana TSI score relies heavily on the plankton
community, the variation in TS| scores observed are likely due corresponding variations in

plankton densities present in Kreighbaum Lake.

Table 23. Summary of historic data for Kreighbaum L ake.

Date Secchi Pe_r cent Mean TP Pla_nkton TSI Score Data Sour ce
(ft) Oxic (%) (mg/L) Density (#/L) | (based on means)

1970s 11.0 -- 0.07* - 428 IDEM, 1986
7/8/1980 7.6 71% -- - -- Rowe, 1981

1990* 9.6 -- -- -- -- Volunteer Monitor, 1990

1991~ 7.5 -- -- -- -- Volunteer Monitor, 1991
8/20/1991 7.2 40% 0.280 5,637 25 CLP, 1991

1992¢ 8.3 -- -- -- -- Volunteer Monitor, 1992
7/19/1995 9.8 40% 0.206 28,018 35 CLP, 1995
7/31/1999 6.9 50% 0.121 4,962 25 CLP, 1999
6/4/2003 5.6 47% -- -- -- Price, 2004

2004 6.9 40% 0.209 4,222 30 Current Study

* Water column average; all other values are mean of epilimnion and hypolimnion values.
8 Eutrophication Index (El) score. The El differs slightly but is still comparable to the TSI used today.

“Volunteer monitoring data collected through the Indiana Clean Lakes Volunteer Monitoring Program. Data
displayed in the table represent median values for data collected annually during July and August.
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Figure 30. Historical Secchi disk transparency data for Kreighbaum Lake sampled by the
Indiana Clean Lakes Program, IDNR Division of Fish and Wildlife, and Indiana Clean
L akes Program Volunteer Monitoring Program.

Historical dissolved oxygen and temperature profiles from the 1991, 1995, and 1999 Clean
Lakes Program and the 1980 and 2003 IDNR, Division of Fish and Wildlife assessments of
Kreighbaum Lake are displayed in Figures 31 and 32. The dissolved oxygen profiles reiterate
the data summarized in Table 23. The profiles show that one-third to one-half of lake's water
column was anoxic. The 1995 profile is negative-heterograde, which is characterized by a drop
in oxygen concentration at a depth below the water surface. This is likely associated with
increased respiration by bacteria in the metalimnion as they decompose settling phytoplankton.
Called a metalimnetic oxygen minimum, this decline in dissolved oxygen results when the rate
of decomposition of phytoplankton and other organic matter exceeds the rate of oxygen supplied
by photosynthesis.
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Historic Temperature Profiles - Kreighbaum Lake
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Figure 31. Historical temperature profilesfor Kreighbaum L ake.
Source: Rowe, 1981; CLP, 1991, 1995, and 1999; Price, 2004.

Historic Dissolved Oxygen Profiles- Kreighbaum Lake
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Figure 32. Historical dissolved oxygen profilesfor Kreighbaum L ake.
Source: Rowe, 1981; CLP, 1991, 1995, and 1999; Price, 2004.

Because of the comprehensive nature of the Clean Lakes Program assessments, it may be useful
to provide the complete results of previous CLP examinations of Kreighbaum Lake for
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comparison to the current study’s results. Tables 24 through 26 outline those results. In the
1990s, Kreighbaum Lake's Secchi disk transparency depth ranged from 6.2 to 6.8 feet (1.9t0 2.1
m). Light transmission at 3 feet (0.9 m) was less than 35% in 1991 and 1995, but increased to
greater than 70% in 1999. During the 1990s, the 1% light level increased from 14 feet (4.3m) in
1991 to 18 feet (5.4 m) in 1995 before declining again in 1999 (16 feet or 4.9 m). During the
same period, less than 50% of the water column contained oxygen levels above 0.3 mg/L. The
lack of oxygen limits habitat availability for the lake’ s biota and creates conditions conducive for
the release of phosphorus from the lake' s bottom sediments.

The lake assessments also indicate that Kreighbaum Lake possesses relatively high nutrient
concentrations. Hypolimnetic soluble reactive phosphorus concentrations are particularly high,
accounting for the vast majority of the total phosphorus concentration each year. The high level
of dissolved phosphorus coupled with anoxic conditions suggests internal phosphorus release is
likely occurring in Kreighbaum Lake. The lake aso exhibits high hypolimnetic ammonia
concentrations. Because ammonia s a by-product of decomposition, high hypolimnetic ammonia
concentrations usually indicate that decomposition of organic materialsis occurring in the lake's
bottom waters. High ammonia concentrations can also create inhospitable conditions for the
lake' s biota

Tables 25 and 26 show that in 1995 and 1999 Kreighbaum Lake supported an algal community
dominated by blue-green algae. Blue-green algae are considered nuisance algae and generaly
dominate the algal community in eutrophic lakes. Kreighbaum Lake's historical data indicate
that the lake is mesotrophic to eutrophic, so a dominance of blue-green algae is not unexpected.

Table 24. Historical water quality characteristics of Kreighbaum Lake, August 20, 1991.

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 7.7 7.0 -
Alkalinity 159 mg/L 200 mg/L -
Conductivity 360 pmhos 340 umhos -
Secchi Depth Transparency 2.2m - 0
Light Transmission @ 3 ft. 32% - 3
1% Light Level 14 ft - -
Total Phosphorous 0.032 mg/L 0.524 mg/L 4
Soluble Reactive Phosphorous 0.005 mg/L 0.471 mg/L 4
Nitrate-Nitrogen 0.466 mg/L 0.425 mg/L 2
Ammonia-Nitrogen 0.030 mg/L 3.178 mg/L 4
Organic Nitrogen 1.161 mg/L 6.075 mg/L 5
Oxygen Saturation @ 5ft. 76.9% - 0
% Water Column Oxic 40% - 3
Plankton Density 5,537/L - 1
Blue-Green Dominance 28.2% - 0

TSI Score 25
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Table 25. Historical water quality characteristics of Kreighbaum Lake, July 31, 1995.

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.15 7.20 -
Alkalinity 149 mg/L 207 mg/L -
Conductivity 390 umhos 325 pmhos -
Secchi Depth Transparency 3.0m - 0
Light Transmission @ 3 ft. 24% - 4
1% Light Level 18 ft - -
Total Phosphorous 0.010 mg/L 0.403 mg/L 4
Soluble Reactive Phosphorous 0.005 mg/L 0.343 mg/L 3
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.029 mg/L 2.225 mg/L 4
Organic Nitrogen 0.571 mg/L 1.538 mg/L 3
Oxygen Saturation @ 5ft. 83.5% - 0
% Water Column Oxic 40% - 3
Plankton Density 28,018/L - 4
Blue-Green Dominance 85% - 10
Chlorophyll a 3.74 ng/L - -

TSI Score 35

Table 26. Historical water quality characteristics of Kreighbaum Lake, July 19, 1999.

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.2 7.3 -
Alkalinity 130 mg/L 191 mg/L -
Conductivity 400 pmhos 320 umhos -
Secchi Depth Transparency 21m - 0
Light Transmission @ 3 ft. 2% - 0
1% Light Level 16 ft - -
Total Phosphorous 0.063 mg/L 0.178 mg/L 3
Soluble Reactive Phosphorous | 0.012 mg/L 0.264 mg/L 3
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.033 mg/L 1.880 mg/L 3
Organic Nitrogen 0.910 mg/L 1.619 mg/L 3
Oxygen Saturation @ 5ft. 96% - 0
% Water Column Oxic 50% - 2
Plankton Density 4,963/L - 1
Blue-Green Dominance 57.5% - 10
Chlorophyll a 4.95 ug/L - -

TSI Score 25
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3.2.4 Millpond Lake

There have been few water quality evaluations completed on Millpond Lake. The Indiana State
Pollution Control Board, volunteer monitors, and the Indiana Clean Lakes Program have
conducted various water quality tests on Millpond Lake. Table 27 presents a summary of some
selected water quality parameters from these assessments of Millpond Lake Lake.

Table 27. Summary of historic datafor Millpond L ake.

Date Secchi Pgr cent | Mean TP PIa_nkton TSI Score Data Sour ce
(ft) | Oxic (%) | (mg/L) Density (#/L) | (based on means)

1970s 5.0 -- 0.06* -- 58° IDEM, 1986

1989 3.3 40% 0.102 24,414 26 CLP, 1989

1990 8.8% -- -- -- -- Volunteer Monitor, 1990

1991 6.8“ -- -- -- -- Volunteer Monitor, 1991

1992 9.0 -- -- -- -- Volunteer Monitor, 1992
7/31/1995( 1.6 75% 0.138 385,144 54 CLP, 1995
7/19/1999 ( 4.3 25% 0.061 9,154 22 CLP, 1999
8/11/2004 | 5.6 75% 0.053 9,422 21 Current Study

* Water column average; al other values are mean of epilimnion and hypolimnion values.

8 Eutrophication Index (EI) score. The El differs slightly but is still comparable to the TSI used today.

“Volunteer monitoring data collected through the Indiana Clean Lakes Volunteer Monitoring Program. Data
displayed in the table represent median values for data collected annually during July and August.

Based on the parameters in Table 27, Millpond Lake' s water quality appears to have fluctuated,
but ultimately, changed little when compared to the 1970s and current data. The Indiana State
Pollution Control Board (IDEM, 1986) recorded a Secchi disk depth of 5 feet (1.5 m) in the
1970s. Secchi disk transparency generaly increased from the 1970s to the early 1990s, when
Secchi disk depths ranged from 6.8 to 9.0 feet (2.1 to 2.7 m). Transparency measured 1.6 feet
(0.5 m) in 1995, the poorest transparency recorded at Millpond Lake. Transparency improved
over the next 10 years with Secchi disk transparency depths greater than 5.5 feet (1.7 m)
recorded during the current survey. Figure 33 demonstrates the seasonal and long term variability
associated with Secchi disk transparency. The decreasing trend in Secchi disk transparency
displayed in Figure 33 should be viewed with caution due to the limited collection of data after
1992. Total phosphorus concentrations in Millpond Lake increased from 1970 to 1995 before
declining in 1999 to levels similar to those observed in the 1970s. The percentage of the water
column that contains sufficient oxygen to support aquatic biota has also fluctuated. In 1999, only
25% of Millpond Lake's water column contained oxygen. Approximately 75% of the water
column contained sufficient oxygen in 1995 and 2004.

Consistent with many of the parameters shown in Table 27, the Indiana TSI scores for Millpond
Lake have fluctuated over the past 35 years. The Indiana TSI scores for Millpond Lake decreased
from the initial lake assessment in the 1970s to the more recent assessment in 1989. In 1995, the
highest TSI score observed at Millpond Lake was recorded. In the 1970s the TSI score of 58
indicated that the lake was hypereutrophic. The drop in TSI score to 26 in 1989 suggests the
lake's productivity decreased greatly. Conversely, the algae bloom and resultant TSI score of 54
observed in 1995 suggests that the lake was again hypereutrophic. The 1999 and 2004 TS| scores
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place the lake in the mesotrophic category. The variation in trophic state category from
mesotrophic to hypereutrophic and vice-versa is likely based on algal blooms at the time of the
sampling rather than a true change in lake productivity. For example, the plankton community
present during the 1995 assessment added 27 to 28 points to the TSI resulting in arelatively high
TSI score. The Indiana TSI relies heavily on the algal community; therefore, the high density
algal community and the blue-green dominance resulted in a score nearly double that observed
during previous and future Clean L akes Program assessments.

Historical Secchi Depth Measurements
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Figure 33. Historical Secchi depth transparency data for Millpond Lake sampled by the
Indiana Clean Lakes Program, IDNR Division of Fish and Wildlife, and Indiana Clean
L akes Program Volunteer Monitoring Program.

Tables 28 through 30 and Figure 34 present the results from the most recent (excluding the
current study) comprehensive examinations of Millpond Lake. The data indicate that in 1995
water quality conditions were poor and Millpond Lake was best described as a eutrophic to
hypereutrophic lake. In 1995, only 25% of the water column was oxygenated. Figure 34 shows
that there was virtually no oxygen in the water below 5 feet (1.5 m) in 1995. Water clarity was
also poor in 1995. Secchi disk transparency depth was only 1.6 feet (0.5 m). Only 2% of the
incident light reached a water depth of 3.3 feet (1.0 m). In clearer lakes, light transmission at 3
feet can be expected to exceed 50%. By a depth of 3 feet (0.9 m), light had been extinguished to
the point where photosynthesis could not be supported. This limits the habitat availability for
rooted plants. The data show that in 1995, Millpond Lake supported a dense algal population.
The concentration of chlorophyll a was very high, approximately 85 pg/L. Chlorophyll a
concentrations of this magnitude are usually characteristic of hypereutrophic lakes. Blue-green
algae, a nuisance algae associated with productive lakes, dominated the Millpond Lake algal
community. The densest plankton population (385,144 organisms/L) observed in Millpond Lake
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occurred in 1995. Combined, this data suggest that Millpond Lake exhibited characteristics of a
hypereutrophic lake at the time of the 1995 sampling.

The data from the 1989 and 1999 sampling events suggest conditions in Millpond Lake differed
significantly from conditions observed in 1995. In 1989 and 1999, water quality characteristics
indicate that Millpond Lake is mesotrophic in nature. In 1999, nearly 75% of the water column
was oxygenated. Water clarity was also better in 1989 and 1999 compared to 1995. Secchi disk
transparency depth was approximately 3.3 feet (1.0 m) in 1989 and 4.3 feet (1.3 m) in 1999.
Approximately 25% of the incident light reached a water depth of 3 feet (0.9 m) in both years.
The littoral zone, or area available for rooted plant growth, extended to a depth of 10 feet (3.1 m)
in 1999. The concentration of chlorophyll a in 1999 was elevated, but was approximately five
times lower than the concentration observed in 1995. Blue-green algae were not the dominant
component of the lake's plankton community at the time of the 1999 sampling. These data
suggest that Millpond Lake may be more mesotrophic in nature and that the 1995 sampling
coincided with a severe algae bloom that may not necessarily be representative of the nature of
Millpond Lake.

Historical Dissolved Oxygen and Temperature Profiles- Millpond Lake
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Figure 34. Historical dissolved oxygen and temperature profilesfor Millpond L ake.
Source: CLP, 1989, 1995 and 1999.
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Table 28. Historical water quality characteristics of Millpond L ake, summer 1989.

Par ameter Epilimnetic | Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

Secchi Depth Transparency 1.0m - 6
Light Transmission @ 3 ft. 28% - 4
Total Phosphorous 0.076 mg/L 0.128 mg/L 3
Soluble Reactive Phosphorous | 0.010 mg/L 0.037 mg/L 0
Nitrate-Nitrogen 1.170 mg/L 1.016 mg/L 3
Ammonia-Nitrogen 0.030 mg/L 0.574 mg/L 1
Organic Nitrogen 1.389 mg/L 1.639 mg/L 3
Oxygen Saturation @ 5ft. 60% - 0
% Water Column Oxic 40% - 3
Plankton Density 24,414/L - 3
Blue-Green Dominance 6.3 - 0

TSI Score 26

Table 29. Historical water quality characteristics of Millpond Lake, July 31, 1995,
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Par ameter Epilimnetic | Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 7.75 7.25 -
Alkalinity 156 mg/L 172 mg/L -
Conductivity 420 pmhos 345 pmhos -
Secchi Depth Transparency 0.5m - 6
Light Transmission @ 3 ft. 2% - 4
1% Light Level 3.3ft - -
Total Phosphorous 0.129 mg/L 0.146 mg/L 3
Soluble Reactive Phosphorous | 0.005 mg/L 0.082 mg/L 2
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 2
Ammonia-Nitrogen 0.033 mg/L 1.386 mg/L 0
Organic Nitrogen 2.192 mg/L 0.928 mg/L 3
Oxygen Saturation @ 5ft. 2.5% - 3
% Water Column Oxic 75% - 1
Plankton Density 385,144/L - 20
Blue-Green Dominance 89.8% - 10
Chlorophyll a 84.7 ng/L - -

TSI Score 54
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Table 30. Historical water quality characteristics of Millpond Lake, July 19, 1999,

Par ameter Epilimnetic Hypolimnetic Indiana TSI Points
Sample Sample (based on mean values)

pH 8.0 7.3 -
Alkalinity 150 mg/L 149 mg/L -
Conductivity 390 umhos 355 pmhos -
Secchi Depth Transparency 1.3m - 6
Light Transmission @ 3 ft. 22% - 4
1% Light Level 10 ft - -
Total Phosphorous 0.043 mg/L 0.078 mg/L 3
Soluble Reactive Phosphorous 0.010 mg/L 0.010 mg/L 0
Nitrate-Nitrogen 0.022 mg/L 0.022 mg/L 0
Ammonia-Nitrogen 0.018 mg/L 0.018 mg/L 0
Organic Nitrogen 1.368 mg/L 1.356 mg/L 3
Oxygen Saturation @ 5ft. 75% - 0
% Water Column Oxic 25% - 4
Plankton Density 9,154/L - 2
Blue-Green Dominance 24.8% - 0
Chlorophyll a 17.55 ng/L - -

TSl Score 22

3.3 Lake Assessment Methods

The water sampling and analytical methods used for the Four Lakes study were consistent with
those used in IDEM’s Indiana Clean Lakes Program and IDNR’s Lake and River Enhancement
Program. Water samples were collected and analyzed for various parameters from Cook, Holem,
Kreighbaum, and Millpond Lakes on August 11, 2004 from the surface waters (epilimnion) and
from the bottom waters (hypolimnion) of each of the lakes at a location over the deepest water.
The parameters include conductivity, total phosphorus, soluble reactive phosphorus, nitrate-
nitrogen, ammonia-nitrogen, total Kjeldahl nitrogen, and organic nitrogen. In addition to these
parameters, severa other measurements of lake health were recorded. Secchi disk, light
transmission, and oxygen saturation are single measurements made in the epilimnion.
Chlorophyll was determined only for an epilimnetic sample. Dissolved oxygen and temperature
were measured at one-meter intervals from the surface to the bottom. A tow to collect plankton
was made from the 1% light level depth up to the water surface. Conductivity, temperature, and
dissolved oxygen were measured in situ with an Y S| Model 85 meter.

Water samples were also collected and analyzed for various parameters from the culvert
connecting Cook and Millpond Lakes. (Water was not flowing from Myers to Cook Lake during
the sampling event; therefore, no samples were collected from this culvert.) The culvert water
samples were analyzed for conductivity, total phosphorus, soluble reactive phosphorus, nitrate-
nitrogen, ammonia-nitrogen, total Kjeldahl nitrogen, organic nitrogen, total suspended solids,
and turbidity. Conductivity, temperature, and dissolved oxygen were measured in situ with an
Y Sl Model 85 meter. Water velocity through the culvert was measured using a Marsh-McBirney
Flo-Mate current meter. The cross-sectional area of the culvert was measured and discharge
calculated by multiplying water velocity by the cross-sectional area.
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All water chemistry samples were placed in the appropriate bottle (with preservative if needed)
and stored in an ice chest until analysis at SPEA’s laboratory in Bloomington. SRP samples
were filtered in the field through a Whatman GF-C filter.

All sampling techniques and laboratory analytical methods were performed in accordance with
procedures in Sandard Methods for the Examination of Water and Wastewater, 20th Edition
(APHA, 1998). Plankton counts were made using a standard Sedgewick-Rafter counting cell.
Fifteen fields per cell were counted. Plankton identifications were made according to: Prescott
(1982), Ward and Whipple (1959), Wehr and Sheath (2003), and Whitford and Schumacher
(1984).

Thefollowing is abrief description of the parameters analyzed during the sampling efforts:

Temperature. Temperature can determine the form, solubility, and toxicity of a broad range of
agueous compounds. For example, water temperature affects the amount of oxygen dissolved in
the water column. Likewise, life associated with the aguatic environment in any location has its
species composition and activity regulated by water temperature. Since essentially all aquatic
organisms are ‘ cold-blooded,” the temperature of the water regulates their metabolism and ability
to survive and reproduce effectively (USEPA, 1976). The Indiana Administrative Code (327
IAC 2-1-6) sets maximum temperature limits to protect aquatic life for Indiana waters. For
example, temperatures during the summer months should not exceed 90 °F (32.2 °C).

Dissolved Oxygen (DO). DO is the dissolved gaseous form of oxygen. It is essentia for
respiration of fish and other aquatic organisms. Fish need at least 3-5 mg/L of DO. Coldwater
fish such as trout generally require higher concentrations of DO than warmwater fish such as
bass or bluegill. The IAC sets minimum DO concentrations at 4 mg/L for warmwater fish, but
all waters must have a daily average of 5 mg/L. DO enters water by diffusion from the
atmosphere and as a byproduct of photosynthesis by algae and plants. Excessive algae growth
can over-saturate (greater than 100% saturation) the water with DO. Conversely, dissolved
oxygen is consumed by respiration of aquatic organisms, such as fish, and during bacterial
decomposition of plant and animal matter.

Conductivity. Conductivity is a measure of the ability of an agueous solution to carry an
electric current. This ability depends on the presence of ions. on their total concentration,
mobility, and valence (APHA, 1998). Rather than setting a conductivity standard, the Indiana
Administrative Code sets a standard for dissolved solids (750 mg/L). Multiplying a dissolved
solids concentration by a conversion factor of 0.55 to 0.75 umhos per mg/L of dissolved solids
roughly converts a dissolved solids concentration to specific conductance (Allan, 1995). Thus,
converting the IAC dissolved solids concentration standard to specific conductance by
multiplying 750 mg/L by 0.55 to 0.75 umhos per mg/L yields a specific conductance range of
approximately 1000 to 1360 umhos. This report presents conductivity measurements at each site
in umhos.

Nutrients. Limnologists measure nutrients to predict the amount of algae growth and/or rooted
plant (macrophyte) growth that is possible in a lake or stream. Algae and rooted plants are a
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natural and necessary part of aquatic ecosystems. Both will always occur in a healthy lake or
stream. Complete elimination of algae and/or rooted plantsis neither desirable nor even possible
and should, therefore, never be the goal in managing a lake or stream. Algae and rooted plant
growth can, however, reach nuisance levels and interfere with the aesthetic and recreational uses
of a lake or stream. Limnologists commonly measure nutrient concentrations in agquatic
ecosystem evaluations to determine the potential for such nuisance growth.

Like terrestria plants, algae and rooted aguatic plants rely primarily on phosphorus and nitrogen
for growth. Aquatic plants receive these nutrients from fertilizers, human and anima waste,
atmospheric deposition in rainwater, and yard waste or other organic material that reaches the
lake or stream. Nitrogen can also diffuse from the air into the water. This nitrogen is then
“fixed” by certain algae speciesinto a usable, “edible’ form of nitrogen. Because of this readily
available source of nitrogen (the air), phosphorus is usually the “limiting nutrient” in aguatic
ecosystems. This means that it is actually the amount of phosphorus that controls plant growth
in alake or stream.

Phosphorus and nitrogen have several formsin water. The two common phosphorus forms are
soluble reactive phosphorus (SRP) and total phosphorus (TP). SRP is the dissolved form of
phosphorus. It is the form that is “usable” by algae. Algae cannot directly digest and use
particul ate phosphorus. Total phosphorus is a measure of both dissolved and particulate forms of
phosphorus. The most commonly measured nitrogen forms are nitrate-nitrogen (NOsj),
ammonium-nitrogen (NH4"), and total Kjeldahl nitrogen (TKN). Nitrate is a dissolved form
of nitrogen that is commonly found in the upper layers of a lake or anywhere that oxygen is
readily available. In contrast, ammonium-nitrogen is generally found where oxygen is lacking.
Ammonium is a byproduct of decomposition generated by bacteria as they decompose organic
material. Like SRP, ammonium is a dissolved form of nitrogen and the one utilized by algae for
growth. The TKN measurement parallels the TP measurement to some extent. TKN is a
measure of the total organic nitrogen (particulate) and ammonium-nitrogen in the water
sample.

While the United States Environmental Protection Agency (USEPA) has established some
nutrient standards for drinking water safety, it has not established similar nutrient standards for
protecting the biological integrity of a lake. (The USEPA, in conjunction with the States, is
currently working on developing these standards.) The USEPA has issued recommendations for
numeric nutrient criteria for lakes in Aggregate Nutrient Ecoregion VI, within which Cook,
Holem, Kreighbaum, and Millpond Lakes lie (USEPA, 2000a). While these are not part of the
Indiana Administrative Code, they serve as potential target conditions for which lake managers
might aim. Other researchers have suggested thresholds for several nutrients in lake ecosystems
as well (Carlson, 1977; Vollenweider, 1975). Lastly, the Indiana Administrative Code (IAC)
requires that all waters of the state have a nitrate concentration of less than 10 mg/L, which isthe
drinking water standard for the state.

With respect to lakes, limnologists have determined the existence of certain thresholds for
nutrients above which changes in the lake's biological integrity can be expected. For example,
Correll (1998) found that soluble reactive phosphorus concentrations of 0.005 mg/L are enough
to maintain eutrophic or highly productive conditions in lake systems. For total phosphorus
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concentrations, 0.03 mg/L (0.03 ppm — parts per million or 30 ppb — parts per billion) is the
generally accepted threshold. Total phosphorus concentrations above this level can promote
nuisance algae blooms in lakes. The USEPA’s recommended nutrient criterion for total
phosphorusisfairly low for Indianalakes, 37.5 ng/L (USEPA, 2000a), but exceeds the generally
accepted threshold established by Correll (1998). The USEPA suggested target is likely an
unrealistic target for many Indiana lakes in this area as the suggested target is lower than the
average (66 pg/L) for the ecoregion in which the Four Lakes lie (Indiana Clean Lakes Program
data files, unpublished). Similarly, the USEPA’s recommended nutrient criterion for nitrate-
nitrogen in lakes is low at 16 pug/L. This is below the detection limit of most laboratories. In
general, levels of inorganic nitrogen (which includes nitrate-nitrogen) that exceed 0.3 mg/L may
also promote algae blooms in lakes. High levels of nitrate-nitrogen can be lethal to fish. The
nitrate LCso is 5 mg/L for logperch, 40 mg/L for carp, and 100 mg/L for white sucker.
(Determined by performing a bioassay in the laboratory, the LCs is the concentration of the
pollutant being tested, in this case nitrogen, at which 50% of the test population died in the
bioassay.) The USEPA’s recommended criterion for total Kjeldahl nitrogen in lakes in Nutrient
Ecoregion V1 is0.765 mg/L.

It is important to remember that none of the threshold or recommended concentrations listed
above are state standards for water quality. They are presented here to provide a frame of
reference for the concentrations found in Cook, Holem, Kreighbaum, and Millpond Lakes. The
IAC sets only nitrate-nitrogen and ammonia-nitrogen standards for waterbodies in Indiana. The
Indiana Administrative Code requires that all waters of the state have a nitrate-nitrogen
concentration of less than 10 mg/L, which is the drinking water standard for the state. The IAC
standard for ammonia-nitrogen depends upon the water’s pH and temperature, since both can
affect ammonia-nitrogen’ stoxicity. None of the Four Lakes samples exceeded the state standard
for either nitrate-nitrogen or ammonia-nitrogen.

Turbidity. Turbidity (measured in Nephelometric Turbidity Units) is a measure of particles
suspended in the water itself. It is generally related to suspended and colloidal matter such as
clay, slt, finely divided organic and inorganic matter, plankton, and other microscopic
organisms.

Total Suspended Solids (TSS). A TSS measurement quantifies al particles suspended and
dissolved in water. Closely related to turbidity, this parameter quantifies sediment particles and
other solid compounds typically found in water. In general, the concentration of suspended
solids is greater following storm events due to increased overland flow. The increased overland
flow erodes and carries more soil and other particulates to the lake. The sediment in water
originates from many sources, but a large portion of sediment entering waterbodies comes from
active construction sites or other disturbed areas such as unvegetated stream banks and poorly
managed farm fields.

Suspended solids impact streams and lakes in a variety of ways. When suspended in the water
column, solids can clog the gills of fish and invertebrates. As the sediment settles to the stream
or lake bottom, it covers spawning and resting habitat for aquatic fauna, reducing the animals
reproductive success. Suspended sediments also impair the aesthetic and recreational value of a
waterbody. Few people are enthusiastic about having a picnic near a muddy creek or lake.
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Pollutants attached to sediment also degrade water quality. In genera, TSS concentrations
greater than 80 mg/L have been found to be deleterious to aquatic life (Waters, 1995).

Secchi Disk Transparency. This refers to the depth to which the black and white Secchi disk
can be seen in the lake water. Water clarity, as determined by a Secchi disk, is affected by two
primary factors. algae and suspended particulate matter. Particulates (for example, soil or dead
leaves) may be introduced into the water by either runoff from the land or from sediments
aready on the bottom of the lake. Many processes may introduce sediments from runoff;
examples include erosion from construction sites, agricultural land, and unvegetated riverbanks.
Bottom sediments may be resuspended by bottom feeding fish such as carp, or in shallow lakes,
by motorboats or strong winds. In general, lakes possessing Secchi disk transparency depths
greater than 15 feet (4.5 m) have outstanding clarity. Lakes with Secchi disk transparency
depths less than 5 feet (1.5 m) possess poor water clarity (ISPCB, 1976; Carlson, 1977). The
USEPA recommended a numeric criterion of 4.6 feet (1.4 m) for Secchi disk depth in lakes
(USEPA, 2000a).

Light Transmission. Similar to the Secchi disk transparency, this measurement uses a light
meter (photocell) to determine the rate at which light transmission is diminished in the upper
portion of the lake's water column. Another important light transmission measurement is
determination of the 1% light level. The 1% light level is the water depth to which one percent
of the surface light penetrates. This is considered the lower limit of plant growth in lakes. The
volume of water above the 1% light level isreferred to as the photic zone.

Plankton. Plankton are important members of the aguatic food web. Plankton include the algae
(microscopic plants) and the zooplankton (tiny shrimp-like animals that eat algae). Plankton are
collected by towing a net with a very fine mesh (63-micron openings = 63/1000 millimeter) up
through the lake’'s water column from the one percent light level to the surface. Of the many
different planktonic species present in the water, the blue-green algae are of particular interest.
Blue-green algae are those that most often form nuisance blooms and their dominance in lakes
may indicate poor water conditions.

Chlorophyll a. The plant pigments in algae consist of the chlorophylls (green color) and
carotenoids (yellow color). Chlorophyll a is by far the most dominant chlorophyll pigment and
occurs in great abundance. Thus, chlorophyll a is often used as a direct estimate of algal
biomass. In general, chlorophyll a concentrations below 2 pug/L are considered low, while those
exceeding 10 ug/L are considered high and indicative of poorer water quality. The USEPA
recommended a numeric criterion of 8.6 ug/L as a target concentration for lakes in Aggregate
Nutrient Ecoregion VI (USEPA, 2000a). The recommended nutrient criterion is relatively high
and represents data from only 224 |akes throughout the entire Aggregate Nutrient Ecoregion. The
25th percentile (2.6 ug/L) for the ecoregion in which the Four Lakes lie (Indiana Clean Lakes
Program data files, unpublished) or Vollenweider's median concentration measured in
mesotrophic lakes (4.7 ug/L) likely provide bette