A PRELIMINARY INVESTIGATION
OF TWENTY-FOUR LAKES

LAGRANGE COUNTY, INDTANA
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SURVEY OF 24 LAGRANGE COUNTY LAKES AND THE
IDENTIFICATION OF FACTORS AFFECTING WATER QUALITY-198a

SUMMARY

During 1988, 24 lakes were studied. Teste were performed for
total phasphorus, aortha—-phasphates, nitrates, dissclved
axygern, and Secchi Disk (clarity), allawing a general
descriptian of the water quality of the lakes. Irn additian,
22 inlet streams were investigated to determine the effects
of the streamsz and their carresponding watersheds on the
water quality of the lakes. In additicarn to chemical testing,
crass sections and sedimernt amounts were determined cn each
stream.

Lake histaory was investigated for each lake and its
surrounding watershed. This history was gathered mainly fram
aerial photographs taken in 1938, 136% and 198E. The study
allawed a visual investigaticon of how each lake was develaoped
and haw the changes in the watersheds related ta the
conditians found i 1984. Testimony was alsc abtairned fFram
area residents and their memories were recarded.

The culmivatian of this data callecticorn, both past and
present, was the determirnaticon of present praoblems found on
the lakes, the causes of the prablems, and recommendaticons
for impraving the water quality of the lakes in LaBGrarige
County,.

A determinaticon of the general conditicon of each lake’s water
quality was made based mainly orn the total phasphorus
cancentraticon found in the water calumm. Alse cansidered in
this determinatiorn were Secchi Disk readings, ortho-—
phasphates, nitrates, and dissclved axyger when this data was
available. In additicn, the develapment characteristics, such
as placement of septic systems, watershed size and watershed
larnd use, were considered alang with the water gquality of the
inlet streams.

The Indiana Department of Envircrnmental Mariagemert published
irn 1986 the "Indiana Lake Classificaticn System and
Mariagement Plan'. This publicatiar was alsga cansulted, for
the document provides a lake classificaticn of LaGrange
County lakes, based on data collected from the early 1970's
and inta the 1980's. Alsc, this publicaticon states,
"Phaosphaorus, in particular, is gererally charged ta be the
rutrient most frequently cantralling eutraphicaticn. "

Rfter cansidering the abave, the LaGrarge County Lakes were
divided into project categories, relating to water quality
impraovement projects. When attempting to categorize lakes, it
must be remembered that, while the categories are useful in
praviding guidelires, the categeries are rnever rigarcus



encugh to permit a high degree of certainty. Agair, 1t must
be stressed categories may be used as a guideline.

Although this repart concerns the lakes of lLaGrarnge Caounty,
similar results could be recorded for most lakes in Indiarna.
These lakes and their watersheds have been develaped in
similar ways, and, thus, man’s impact on lake water quality
has been analogous. Increasing eviderce suppartes decreasing
water gquality orm marny Indiana lakes.

These lakes rarely maintain concentrations of
macraphytes or algae. Chemical concentraticons are withinm
acceptable limits and there are minimal problems
asscciated with the watershed. Lake development prablems
generally are not major. Lake uses are rot impaived and
chemical cantral programs are not gernerally Necessary.
Recommendations are to survey the lakes ta assure water
quality is maintained.

LaGrange County lakes iw PROJECT CATEGORY I are:

1, Sauth Twiwn
2. Cedar Lake
3. Wall Lake

4. Pretty Lake

These lakes rarely maintain concentrations of
macrophytes or algae, and lake uses are very rarely
impaired. Chemical concentraticns, especially phoaspharus
indicate passible prablem "areas", either

associated with the watershed and/cr lake develapment.
Recammendations are to collect informaticon and data to
further describe the problem areas, and ta suppart
future, required impravement projects.

LaGrarnge County lakes included in PROJECT CATEGORY II
are:

Olinn Lake
Oliver Lake
Martin Lake
Pigeon Lake
Dallas Lake
Fish Lake

m[ﬂftum'*

PROJECT CATEGORY III

These lakes frequerntly support extensive concentraticns

IT



of macrophytes and/car algae, especially in shore areas
and, in some instances, lake uses are impaired.
Macraophyte growth may recessitate a "weed " contral
pragram, especially in beach and dock areas. Chemical
cancentratians, especially phasphorus, are elevated
indicating excessive inputs from the watershed and /o
from developed areas of the lake. These lakes are
impacted by the activities of man and recommendations
are to begin planning of impravement progects to imprave
or at least maintairn water guality. Plarming and
implementaticn of the progects shauld be completed in
the rear future.

LaGrange County lakes included in PROJECT CATEGORY II1
are:

Big Lowg Lake
West ler Lake
Rdams Lake
Hackerburg Lake

NSRS

These lakes usually have excessive caoncentrations of
chemicals, especially phaspharus, resulting in extensive
concerntrations of macrophytes and/or algae. Algae
blacms can be gquite extensive, with bhlue—green algae
usually being dominant. One or more lake uses may be
cammanly impaired, althcugh fishing may be excellent
because of the lake’s praductivity. Lake residents
usually feel "weed" control programs are necessary to
imprave lake use. These lakes are highly impacted by
the activities of man, either in the watershed or fraom
developed areas arcund the lakes. Usually baoth the
watershed and the lake’'s develcoped area are cantributing
significantly to the lake’s eutrophicatian.
Recammendat icns are to imnstitute improvement progects as
soon as possible to imprave water quality.

LaGrarge County lakes included in PROJECT CATEGORY IV
ares:

. Witmer Lake

Little Turkey Lake
. Messick Lake

4, Appleman Lake

%. Emma Lake

&. Rayer Lake

[ N =

These lakes are in a condition of extreme
eutraphication. Chemical concentraticons, especially



phasphorus, are extremely high, resulting in massive
concentrations of macrophytes and algae. Algae blaoms
are dominated by blue—green algae, and are so extensive
as ta black the sunlight penetraticn and thus elimivate
macraphyte groawth. Fish kills caused by axyger depletian
can be expected, if they have rnot already ccocurred. Lake
use can became nonexistent. These lakes are highly
praoductive and are rapidly moving towards sernescence.
Recommendations are to begin improvement projects
immediately to reduce productivity and improve water
quality.

LaGrarnge County Lakes included in PROJECT CATEGORY V are
1. Shipshewana Lake

Lakes which were investigated but data were incamplete

are:

. BRig Turkey Lake

. Narth Twin
« Rtwood Lake

[ O

The conclusion of this study indicates that progects to
imprave the water quality are needed for many of the
lakes before conditions develap making water guality
impraovement difficult and cast prohibitive.
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LEDGEND OF LAKES STUDIED IN LAGRANGE COUNTY

Stone Lake
Shipshewarna Lake
Emma Lake
Messick Lake
Hackenburg l.ake
Dallas Lake
Westler Lake
Witmer Lake
Martin Lake
Olin Lake
Qliver Lake
Admas Lake
Rayer Lake

Fish Lake
Pigecn Lake
Sauth Twin Lake
Nocrth Twin Lake
Cedar Lake

Wall Lake
Applemars Lake
Little Turkey Lake
Rig Turkey Lake
Pretty Lake

Rig Long Lake
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COUNTY ENGINEER & SURVEYOR
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LAGRANGE COUNTY LAKES

SURVEY OF 24 COUNTY LAKES AND THE IDENTIFICATION OF
FACTORS AFFECTING WATER QUALITY - 1988

INTRODUCTION

LaGyrange County, arn agricultural county located iwv the
northeast cormer of Indiana, contains 64 lakes. The lakes,
ranging iv size from €& ta 288 acres, were coreated durirng the
Wisconsin stage of glacial activity, appraximately 14000
years aga. These lakes were undevelaped with the exceptian
of a few scattered summer homes until the 1950's and 19607 S.
During this time pericd there was a dramatic increase in
summer home constructicon in and around the lakes. Iv the
1970%'s and 1980°s, many of the summer homes were canverted tao
year—araound homes and the remaining lake frant building sites
were developed.

During this same time pericd, varicus practices in the
watersheds of the lakes were experiencing dramatic changes
arnd alcorng with the lake develapmernt, created pressures on

the water quality of the lakes. Farming practices, including
boath croap and animal cperations, became more internsified and
development of industrial and haousing progects were expanded.

Irn the late 13970's and 1980's, rcoticeable charnges became
evident irn water quality of the County’s lakes, and in scme
cases the changes were severe enough that the carncern of
County officials and residents for the lakes required actian.
The preliminary result of that cancern is the following
dacument which describes the conditicn of the water quality
faurd in 21 County lakes, the causes of the declining water
quality, and in some instarnces, passible corrective measures
required toa maintain or imprave the water quality of the
lakes.

MATERIAL AND METHODS

SAMPLING ~ Mid lake samples were abtained using a water
sampling boattle from LaMatte Chemical Cc., Chestertowrn, MD.
The samples were taken appraoximately & feet fram the bot tam,
at the thermccline, and 1-2 feet below the surface in the
deepest part of the lake. Samples from inlet streams were
obtained before the stream entered the lake and in scme
instances in the lake at the stream mouth. Other samples in
the lake were abtained as conditicans required. Tests were
performed at the sampling site or were stored at 4 degrees F.
Maximum depth mid-lake sampling sites were determined from
U.S.6.8. bathymetric maps obtained from the I.D.N.R.
Sampling sites of the streams were determined by reviewing
aerial photographs, County drainage maps, and by on site
abservations.



CHEMICAL ANALYSIS - Concentrations of artha-— phasphates,
nitrates, and dissalved oxygern were performed using a HACH
DR/2000 Spectrophatometer. Proacedures were performed
accarding ta the HACH Procedural Manuwal. (HACH Co.,Laveland
Coalarada) Total phasphorus testing was performed by Dr. Peter
Hippensteel of Tri-State University, Angala, Ind.

TUREIDITY - Turbidity was determivred with a Secchi Disk or
with the DR/200Q0 Spectraphaotameter, using the procedure
accarding to the HACH Procedural Manual.

INVESTIGATION OF SEPTIC EFFLUENT LEACHING To investigate
the passibility that septic effluent was leaching intoe the
lake and adding ta the nutrient locading of the lake, a septic
leachate detector (K-Y Asscciates, Ine., Falmouth,, Mass.)
was barrawed from the Elkhart Health Dept. This instrument
detects urine or the by-praducts of urine and is aperated
from a boat which is mareuvered along the shaore.

LAKE AND WATERSHED SURVEYS. Surveys were conducted amang
the lake residents and the farmers in the watershed of each
lake studied. The survey for the lakes was camposed by the
LaBrarnge County Health Dept. arnd the survey for the farmers
was completed by the LaGrange County SCSH.



SHIPSHSEWANA LAKE
Shipshewana Lake has been in a state of extreme cultural
eutrophication far at least four years. Acccrding to lake
residents a magor fish kill accurred during the summer of
1386, mcst likely caused by oxygen depletican resulting fram
excessive vegetative groawth. In additicrn massive
macraphyte and algal growth has been increasing
during the past S-6& years.

Rerial photagraphs, taken on 9-25-38, show the lake to be
caompletely surrounded by wetlands, except for the eastern
shore which was forest. This area rises immediately from the
shore and is the highest elevation immediately arcund the
lake. The immediate sauthern shore contains a wetland
extending 300 fact. from the shore, but the elevaticrn rices
into a wooded area. The Cattaon Lake Inlet, which presently
enters the lake on the sauthern shore, did ncot enter
Shipshewana Lake in 1938, but flcwed intc a large wetland
area surraunding the cutlet of the lake. The 1938 photagraph
shaws the lake to be campletely undevelaped without a single
hame cn the lake. The surrounding watershed is almast
completely agricultural and cortains about 1875 acres.

Aerial photographs of 1965 show the scuth and east shores to
be completely develaped including the diversicrn of the Cotton
Lake watershed inta the lake. ( The Coatton Lake watershed
cantains about 3100 acres of which about 189 acres is highly
eradible land). This increased the watershed of the lake fram
abcut 1875 acres ta the present 4175 acres.

The Cottorn Lake Inlet drains abaut 87 acres of the town of
Shipshewana, with the remaining watershed being agricultural.
The town has a large tourist industry, supporting a cattle
auction, a large horse auction, and a flea market each week.
This increases the populaticon as much as 30, 000 each week
fram May through September. Thus with each rain, the =tarm
drainage from the 87 acres erters the Cottonm Lake Inlet
watershed and eventually intc Shipshewana Lake, carrying with
it large amounts of corntaminants from thics large industry.

The farming commurity suwrounding Shipshewana Lake is mastly
Amish. PRecause their farming practices enplay technigues of
80-100 years ago which used animal pawer, much of the
nutrient input into the lake crigimates from animal marnure.
Large rnumbers of animals are allcowed access to drainage
ditches and streams (especially the Catton Lake Inlet)

which eventually discharge intc the lake. Cancentraticns
averaged 0.57 mg/l taotal phosphates, and 2.2 mg/l wnitrates
for the Cotton Lake Inlet. Sediment inputs after a rain
event were 0.4 mg/l for the Cotton Lake inlet.

The Cotton Lake Inlet enters series of two pands,

the first being about S acres and the secand abcut 1 acre,
befcre entering the lake. A large farm supply busiress,
located in the town of Shipshewana, drains its storm water



inta the first pond. Alsa a hame or a septic tank is located
near the second pond. On a sampling date of 6€6-14-88, crtho-
phaosphate corcentraticons were 0.12 mg/l before the Cottarn
Lake Inlet entered the first pond, and the corncentraticon was
0.4% mg/1 at the cutlet of the peands and befeore entering the
lake. This indicates arn additional large nutrient irnput
entering the ponds.

Ari aerial photagraph, taken in 1986, shows develapment of
the west shore. Ta complete the develcocpment, the large marsh
area was draived and to fill in the area to accommadate home
sites, the remaining wetland area and the lake bottom was
suction—dredged. This remoaved the wetland filter area for
the Mud Lake Inlet. In additicon, large charrels were dug amn
the west, northwest, nrortheast, and scutheast areas of the
lake to allaw lake access for further develapment, but these
areas are partially developed. The Mud Lake Inlet, which
enters the lake fram the west, has a watershed of about 1075
acres of which 250 acres or 23% is highly eradible land.
lLand—use practices in this watershed are 100% agricultural.

Sampling campleted in 1986 by Dr. Hippernsteel shaowed
excessive total phaosphorus inputs entering the lake fram this
watershed. The concentrations were 3.8 mg/l or August 26 and
€.0 mg/l on September 5, 1986.

Because of the extreme drought conditions during the summer
of 1988, it was difficult to obtain samples from this inlet,
but two acceptable samples were cbtained on 6-30-88 and 7-14-—
aa. Tatal phasphate concentrations were 1.16 mg/l and 3.7
mg/l respectively.

An investigation of the watershed identified the major scurce
of these excessive cancentrations as a "duck farm" located
rnext ta the Mud Lake Inlet about 3/74 miles from the lake.
This aperation consists of a large barnyard were SO00-10000
ducks are raicsed. A apen cement drainage ditch directs a
camstant flow of water acrass the barmyard into a black
halding pit, which settles cut the sclids carried by the
water. The pit empties intc a drairage tile which thern flows
inta the nearby stream. This opers drainage ditch probably
caovers less tham 1% of the total barnyard surface area, with
the remaining area draining directly intc the stream. With
each rain the Mud Lake Inlet is inundated with massive
amaunts of nutrients which then flow directly inta
Shipshewana Lake. In addition, cattle are allawed inte the
inlet to drink, and a hog cperation, cleose to the lake, alsa
drains inta the inlet.

Arn area of about 800 acres on the riorthern shore of the lake
drains into a large marsh area before entering the lake. The
land use irn this watershed is 100%¥ agricultural.

Tatal phosphate concentrations were determived in mid lake on
August 2, 1986 by Dr. Hipperisteel of Tri-State University.
Results were .08 mg/l at the surface and 0.09 mg/l at the



bottam (max. depth of the lakes is 14 foot). In 1588,
phasphate cancentraticns had ivcreased ta 0. 32 mg/1l at the
surface, 0.48 mg/l at 6 foct, and Q.32 mg/l at the bottom,
for an average column concentration of 0.39 mg/l. This is a
faur fald increase of the mid-lake tatal phasphate
caricentratian, Dissalved axygern corcentraticons dropped fram
9.1 mg/l and 12.6 mg/l at the surface to 0.2 mg/l at the
bottom. The oxygen cancentraticns were representative of
conditions found during large algal bloocms. Algal blooms were
aobserved from early sprimg when the ice melted and were
cantinucusly observed throughout the summer and fall. The
blue green algae, anabaena, was the major species thraoughaut
the summer, but during a major bloom coccurring the week of 10
7-88, with the water temperature at 54 degrees F., the ma j o
species was a thick walled flagellate having a single
flagellum, The flagellate could wot be identified. This
last major bloam coccurred several days after the first ma jor
rain fall since the 1988 drought began.

Secchi disk readings for the lake ranged from a high of 1.5
foat in May tc approximately 6 inches in June through Augucst.
Readings close ta shore were £ inches because of algae build-
up. Hard crust, created by sun dried algae, cavered large
areas of the lake surface several times during the summer.

Macrophyte growth in the spring and early summer was sa dense
that it was impassible to propel a becat across the lake. By
July much of the macrophyte growth had subsided because the
algae grawth was sa thick as to black sunlight. The major
macraphyte species were caontail and water milfoil.

The passibility of septic tanks leaching inta the lake was
investigated on the scuth shore of the lake. Apparently
because of high concentrations of urine and urine by—-praducts
the leachate detector could nat be starndardized using the 2%
wrine standard scluticon. The instrament continucusly went
off scale and a base line could not be established.

DISCUSSION

Shipshewana Lake represents the destruction of an ecalogical
resaurce as a direct consequernce of the activities of marn.
With the exception of fishing, the lake is unusable faor
activities rormally asscciated with lakes, and even fishing
will be threatered in the future because of the extreme
eutrophication of the lake. Praperty values have declirned
dramatically in the past year and will continue to do so
unless the water quality of the lake is improved.

The causes of the decline of the lake ervircorment are listed
below and are rict rnecessarily in order of their impact on the
lake’s water quality:
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INLET NUTRIENT INPUTE — Two magor inlets

drairm into Shipshewana Lake and are described as the
COTTON LAKE IMLET and the MUD LAKE INLET. BRoth these
inlets are inputing excessive amounts of nutrients
intca the lake, especially phaosphorus. The input froam
the Mud Lake Inlet derives mainly fraom a duck raising
coperation close ta the stream about 3/4 mile from the
lake. Imn addition to this operation, cattle and haogs
are allacwed to enter this stream to drink, and a
large "barnyard" produces rurn—off into the stream.
Tatal phasphorus covicentrations of 3.7 mg/l were
found entering the lake from this stream after a
rain. The impact of phosphcrus input from the Mud
Lake Inlet was prabably reduced because of the severe
dyraught during the summer of 1988, which reduced the
valume of water entering the lake. Everr when
considering this abrnormal situation, the lowest
phospharus caoncentration detected was 1.16 mg/l.

The inlet, rnow called Cotton Lake Inlet, did nct
ariginally enter the lake, but instead entered the
cutlet of Shipshewana Lake. By 1965 this stream was
redirected and rncaw enters the lake an the scuthwest
shore. As discussed below, the Cottor Lake Inlet is
mast likely the major conmtributor ta the
egutrophication of the lake, and whern it was diverted
intce the lake, it redirected the problems of 2300
acres of watershed ta the lake.

The Cotton Lake Inlet had flocwing water all summer
(Mud Lake Inlet was dry for much of the summer), and
thus the impact of phosphorus inputs intc the lake
may have beern greater than the Mud Lake Inlet, even
thaugh the phosphorus concentraticons were lawer. The
total phosphorus conmcentrations ranged from 0.31 to
Q.82 mg/l for the Cotton Lake Inlet. Much «of this
input is the result of allowing animals inta the
stream tc drink and alsc several hog operations in
the watershed of the stream.

In addition storm water from the town of Shipshewana
dvrains intca the Cotton Lake Inlet which intraduces
additional inputs inta the stream. The town hasts a
large, weekly flea market and a livestack sale which
passibly expands the population as much as 30,000
pecple per week. This expansican of pecple and
livestock, including a large number of harse drawn
Amish buggies, was not anticipated to have an adverse
impact on Shipshewana Lake.

The Cotton Lake Inlet enters twa ponds before
entering the lake. On a sampling day, ortho-—
phosphates were 0.12 mg/l entering the first pond,
but the concentration at the outlet of the ponds,
Just before entering the lake, was 0.45 mg/l. While
investigating the reason for this increase, it was
noted that the storm water from a large, commerical
farm fertilizer business entered the first paond.



During a rain event on 11-15-88 a sample from a
culvert draining this business was abtained. Ortha—
phosphate concentration was 0.75 mg/1 and wnitrate
cancentration was 3.2 wmg/l.

Thus, in addition to the alwveady varied scources of
rutrient inputs alang the Cotton Lake Inlet, this
fertilizer input saurce anly adds camplexity to an
already complex situation. Thus the Cotton Lake Inlet
is the most camplex and the major contributaor to the
eutrophication of Shipshewana Lake.

RESIDENTIAL DEVELOPMENT — Ry 136% the lake shore had
been develaped into a small town, and all the homes
utilize septic tarnks to dispose of sewage. The
majority of these septic systems were constructed in
areas with high watertables, and some aof them
actually are sitting in water. The leachate fram
these septics enters the groundwater, and because
this groundwater enters the lake, many of the
contaminates found in the leachate are carried into
the lake.

To emphasize the high cancentraticns of

contaminates that can be found in septic effluent, a
sample cbtained from a septic system which was
draining cut the side of a bank ( the system was rnat
o Shipshewarna Lake ) contaired 33.0 wmg/l artho-
phasphates. This compares ta the highest
concentration foaund for ortho—-phosphates in any lake
ar stream of 0.81 mg/l. Thusjthe septic system
effluent was 41 times higher than the next highest
cancerntration.

Is there evidence that this leachate is reaching the
lake? Yes there is. In July we planned to survey the
lake shore area with a leachate detector to
investigate this passibility, but because of the high
cancentrations of leachate in the lake water, we
could rnot establish a base lirne for the instrument.
The readings caontinucously went of f the graph,
indicating concentraticns above the limits of the
instrument.

From this information, it can be concluded that the
develaopment of hausing on the lake, which was almast
campletely unplarnrned, is a major contributor to the
eutraphicaticn of the lake.

WETLAND DESTRUCTION - Wetlands originally surraunded
Shipshewana Lake, except for the east share. These
wetlands filtered and cleaned not only the lake
water, but the water entering the lake from the
watershed. With these wetlands gone, the only
remaining filter for the water is the lake itself.



Thus rnutrients and sediments enter the lake where
they are retained amd cantribute ta the
eutrophication of the lake.

RECOMMENDATIONS

Ta improve the water quality of Shipshewana Lake several
prajects must be implemented. Because of the severe
eutrophication of the lake and the complex nature of the
prablems in the watershed, the cost af the impravemerts will
be expersive and the resulting impravement in water quality
may not equal people’s expectations.

I. WATERSHED IMPROVEMENTS

MUD LAKE INLET
Starm water run—off fram animal coperations must he
reduced or even eliminated. In additicon, access tao
the inlet by farm animals, including cattle, hags
and horses, must be restricted. To reduce starm
water run—aff, halding lagocors, grassed buffer
strips, and wetlands shauld be canstructed im
strategic places ta contain and treat the water
befare it enters the inlet waterway. To keep
animals out of the inlet, the iwnlet banks shauld
be fenced and restricted access areas should be
canstructed to allow the animals ta drink, while
keeping them aut of the water. In additicn, the
barks of the inlet should be seeded with grass and
possibly trees and shrubs.

COTTON LAKE INLET
The recommendations concerning animal aperations
and farm animals are the same as for the Mud Lake
Irlet. In additiorn, the storm water from the town
of Shipshewarna should be diverted away fram the
Cottor Lake Inlet cr shauld at least be treated
befcre entering the inlet. This may reguire the
impravement of storm sewers for the town of
Shipshewana, a project that should be investigated
by the town aryway as it plans for its present and
future grawth. The fertilizer plant, mentiorned
above, should be irncluded in the storm sewer
project. Althcough other alternatives may be
available instead of a storm sewer, the town, and
thase people in the immediate area, must realize
the berefits of growth are rot free. In the
future the price may be mcare tharn the loss of
Shipshewarna Lake.

LAKE IMPROVEMENTS AND IMPROVING SEWAGE DISPOSAL —
Inn the immediate term, thase livimg on the lake
should institute the fallowinrg:



A. Chemical weed cantyrol should be discantinued.
Weeds should be harvested either by hand oo by
mechanical harvesters. Only rnuisance weeds shoauld
be removed such as those which interfere with
swimming or docking of boats.

R. Buffer strips should be planted along the shore to
help contain storm water run-off. These buffers
shauld be as wide as possible preferably 10 foot
oy more, and shaould be planted with small shrubs
and low ground cover

C. Lawn fertilizers and weed killers shauld rnot be
used unless recessary for the health of the lawn.
Wheri they are used, amounts should be minimal.

D. Reduce the use of septic tanks as much as
possible by reducing water usage. Follow thecse
simple suggestions:

1. Because each flush of the toilet uses 5 gallans
af water follow this advice —— If its yellaow
let it mellaw. If its brown flush it dowr.

2. Take a shawer instead of a bath. And shawer
lang encugh to get clean, instead of lowng
showers ta relax.

3. Install water saving shower heads and tailet
valves. These items can save at least 1/3 of
water rcrmally used.

4. Fix leaky faucets. This can save as much as 200
gallovns of water per day.

For the long term, sanitary sewers must be irnstalled
aracund the lake, and every home must be carnected.
Because of the time invalved to camplete such a
praogect, inmvestigations into how ta best camplete
such a progect should be started as soorn as possible.
A poassible begirming is toa request irncorporation inta
the town of Shipshewana and when the town expands
their sewage plant, the lake could be included.



Indiana LCS:

1975

Size: 202 Ac.

Class: 3 Max. Depth: 14°'
Index: 51.0 SHIDSHEWANA LAKE Mean Depth: 7'
LOCATION pare pepta 1e(D  o0-po(?® N0§3) po(®) 5. prsk®sEDIMENT
(feet)  (mg/l) (mg/l) (mg/1) (mg/l) (feet) (mg/l)
Mid-Lake 5/23 1.5
6/21 1.0 0.38 0.17 0 9.1 0.5
to 1.5
6.0 0.48 0.32 6.
10.0 0.32 0.01
Cotton Lake 6/14 0.12 3.0
Inlet (6) | 6/14 0.45 1.4
6/30 0.82
7/14 0.31
7/27 0.4
8/11 0.10 1.3
Mud Lake 6/14 0.20 0.90
Inlet 6/30 1.16
7/14 3.70
7/27 0.4
SW Channéi) 5/23 0.54 2.3 4.9 2.0
6/21 0.05 0.7 7.0 1.0
(8)
Page - 800 West | 6/21 0.25 2.1
6/29 0.19 0.03
8/15 2.5
1. Total Phosphorus Secchi Disk
Ortho-Phosphates 6. Pond Outlet Before Lake
3. Nitrates . Channel Where Cotton Lake Inlet
4. Dissolved Oxygen Enters Lake
8. Lake Outlet Stream 3-4 miles
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ROYER LAKE

Rayer Lake is located im the central part of LaBGrange Ccunty,
and is the sauthern lake in a two lake chain, Fish Lake being
the narthern lake. The watershed flows fram scuth ta morth.
The lake is cantaired in a lang narrow basin with a small
upper basin and a large scuthern basin. The surface area of
the lake is 69 acres, and its maximum depth is 59 feet, with
a mean depth of 23.6 feet.

Ary aerial photograph, taken 9-26—-1538, =shows the lake ta be
completely urndeveloped, with small areas of wetlands
cavering about half of the shore area. The remaining shore
area contains rarraw strips of brush which separates the lake
fram near—-by farm fields. Farm fields are extended almost to
the lake, thus sediment entering the lake from these
aperations was likely.

Arn aerial photograph, taken in 1965, shows the west share to
be completely develaped alang with about 1/3 of the eastern
share. A circular channel has been dug or the eastern shore,
creating an island, thus allawing additiconal homes accesc ta
the lake. A wetland area, cavering abcut 1/4 of the eastern
shore in the 1938 phaotegraph, is row suppcorrting the groawth of
small trees, as is a wetland area on the scuthwest share.

Why the succession of vegetation cccurred is not kncwr, but
may be the result of drainage practices. The farming fields
next to the lake are now further from the shore, as compared
ta the 1938 photograph, ta allaw for develapment. A large
horseshoe shaped pand has been dug abcocut 150 vards from the
northeast shaore, and the dirt from this excavation was
apparently used ta fill a wetland alang the share. Twa haomes
have been built ir this area.

In the 1986 aerial photagraph, develapment has remained in

the same areas as iv the 1965 phatograph, but the number of
homes has approximately doubled. The filled wetland on the

nartheast side of the lake has not been further developead.

No other changes fram 1965 to 1986 are ncted.

The watershed flows from the sauth and east intc Rayer lake,
and encampasses an area of about 3650 acres of which abaut
7Q0 acres or 19% is classified as highly erodible by the SCS.
The land use of the watershed is 100% agricultural except for
the develaped area arcund the lake.

An inlet stream, draining the scuthern watershed, flows
through a wetland on the sauthern share of the lake befare
entering the lake. Aside from extercive crop land, several
animal operations are maintaired in close praoximity of this
stream. Total phasphate cancentraticons averaged Q.34 mg/l
for this stream befare it entered the lake, and nitrates were
Q.04 mg/l.

The inlet which flaws inta the northeasterwn end of the lake
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is mainly arn cpewn ditch without wetland protecticn. Arnimal
cperations are alsta maintaired clase to this stream. Tatal
phasphate cancentrations averaged 0.48 mg/l, ortho-phasphates
were Q.18 and nitrates were 1.9 mg/l. Sedimernt inflow fram
this stream were 0.4 mg/l after a rain event.

Mid—-lake samples were abtained fraom the smaller upper basin
and the much larger scutherr basiv., Samples taken an 7-6€-88
from the upper basin averaged 0.82 mg/l total phaspharus,
while the lawer basin averaged 0.25 mg/l. The lower basin was
again sampled an 8-18-88 and the total phosphoarus averaged
0.29 mg/l. Nitrates rarged from 1.2 to 1.8 mg/l for bath
sampling sites during the sampling periad.

A algal bloom persisted ivn the lake from the first part of
Jurie until mid-August. Magor species were oscillataria,
chlamydamonas, valvax, chlorocaccum, arnd eudorina. Dissalved
axygen was 10.2 mg/l at the surface, 9.8 mg/l at 8 feet, and
enly 0.5 mg/l at 13 feet. This reflects the axygen depleticon
marmally found durivng algal blooms. Secchi disk readings
ranged from 2.5 feet. in Jure ta 5.5 feet in July. After the
blaom subsided in August, total phosphorus carcentraticns in
the epilimnion showed a coorresponding drap as campared ta the
7-6—-88 sampling date, wher the blaocm was in progress. The
concentrations dropped from 0.17 ta 0.08 mg/l, but the
average taotal phesphorus for the water coclumn remaived high
at Q.029 mg/l.

Rayer Lake is indicative of a lake approaching extreme
culture eutraphication, and it is just a matter of time
before narmal usage of the lake will be inhibited. An algal
bloaom persisted faor much of the summer reducing disk readings
to 2.5 feet. Varicus algal species were found, but the major
species were Oscillatoria and a Chlorccuccum-like species
which was not identified. BRecause the bloom was persistent
for at least & months during the summer, indications are the
lake is receiving excessive nutrients inputs.

Tatal phosphorus concentraticons for mid-lake samples averaged
0.23 mg/l on 7-6-88 and O.29 mg/l on 8-18-848, In additicr,
ortho—phosphate corncentrations were 0.282 mg/l an 6—-23-A48.
Recause of these high corncentraticons, efforts were made

ta try to idenmtify the scurce of the high nmutrient loading.

The causes of the rutrient inputs are as follaws:

INLET NUTRIENT INPUTS

The east inlet stream had flowing water all summeyr even
though the drcught reduced the flow of the stream belcw
rnormal flow rates. In July and August, tatal phasphorus
cancentrations averaged 0.32 mg/l with a range of Q.16mg/l ta
0.57 mg/l. This indicates a significant phasphorus
cantribution fraom this stream. Samples takern after a rain
event an 10-17-88 resulted in total phaspharus concentrations
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of 0.20 mg/l and sediments of 0.8 mg/l, indicating watershed
erasion. Passible scources of this irmput are a dairy aperation
and a hag operaticn abaout 1 mile from the lake. From this
informaticon, it would be necessary ta implement improvement
projects for these operations to restrict animals fram the
stream and to reduce the storm run—aff entering the stream.

The scuth inlet alsa had flawing water all summer, but the
flow was greater than the east inlet. The lake is samewhat
protected fyom this stream by a wetland area which surrocunds
the mouth of the inlet. Rut because of high tatal phospharus
concentrations, which averaged 0.34 mg/l and ranged from 0.29
to 0039 mg/l, the impact of rnutrient inputs from this stream
are of sigrnificant concentraticn to require improvement
prajects alsa.  Scaurces of these concentraticons are hog
confinement and feedlot operations in addition to a dairy
fFarm.

Ivi additicrn, the toatal watershed of 2630 acres has 13X highly
eradible soil. Because of the intensive farming in this area,
projects reducing the amocurt of ercosion would reduce the
nutrient inputs into the lake.

RESIDENTIAL DEVELOPMENT

Abcut half of the shaore area of the lake in 1928 was
surraunded with wetlands. Whern these were filled and drained,
homes were built on these areas, and septic tanks were
installed in an area with high water tables.

Although Rayer Lake was rnot investigated for leachate from
these tarks, it can be assumed, because of similar
circumstances of develapment foaund on lakes which were
checked for leachate, that septic systems are contributing to
the nutrient input. Based aon the findings of ather lakes and
reparts from agencies such as the U.S.E.P.A relating tc
septic prablems on cother lakes, the passibility of septic
leachate entering the lake wauld be a cause of the
eutrophication of this lake.

WETLAND DESTRUCTION

Appraximately half the shore of Royer Lake was wetland.

These wetlands proatected the lake from watershed rnutrients
and sediments by filtering the water befcre it reached the
lake. I additicn, the wetland areas in the lake absarbed
nutrients from the water and reduced the nutrient availably
ta algae. With the destruction of these wetlands, the
delicate balance found in freshwater ecosystems shifted and
ncw the lake is like a halding area for these materials.
Urwittivgly, we fertilized the lake, and are now experiencing
increased production of an unwanted crop.
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RECOMMENDATIONS

Ta improve the water quality of Rayer Lake, several projects
must be implemernted. Many of these progects will be simple
in design and irexpensive, but scme may be expensive and
complex. If improvements are rot made, the water guality of
Rayer Lake will continue to detericrate.

WATERSHED IMPROVEMENTS

Staorm water run—aff fram animal cperations must be reduced
or even eliminated. In addition, access ta the stream
inlets of the lake by farm animals must be restricted.
Because of the amount of highly eradible land iw the
watershed, practices shauld be implemented to reduce
ercsian an crop land.

To reduce storm water run—off from animal cperaticons,
halding lagoons, grassed buffer strip, and, iv scme cases,
wetlands should be constructed in strategic areas ta
contain and treat the water before it enters stream. To
keep animals cut of the streams, stream banks should he
ferced and restricted access areas shauld be constructed
to allow the animals to drink withaut directly entering
the streams. In addition the stream banks shcould be seeded
with grass and passibly small trees and shrubs.

Ta reduce sediment inputs into the lake, gacd farming
practices must be implemernted. Whether conservation
tillage, terraces,grassed buffer strips, cantour tillage,
ar other measures are used deperds on individual needs awnd
requirements. But, whatever the practice implemented, a
reduction of sediment inputs into the lake will help
preserve the water quality of Royer Lake.

LAKE IMPROVEMENTS AND IMPROVING SEWAGE DISPOSAL

I the immediate term, thase living on the lake
should institute the fallawing:

AR. Chemical weed coantral should not be started.

Weeds should be harvested either by hand or by
mechanical harvesters. Only nuisance weeds shauld
be remaved such as those which interfere with
swimming or docking of boats.

B. Buffer strips should be planted along the share to
help contain storm water rur—aff. These buffers
shauld be as wide as passible preferably 10 foot
o more, and should be planted with small shrubs
and law ground cover

C. Lawn fertilizers and weed killers shauld not be
used unless rnecessary for the health of the 1awn.
Whern they are used, amcunts should be minimal.

D. Reduce the use of septic tanks as much as

15



possible by reducing water usage. Fallow these
simple suggestiaons:

1. Because each flush of the tailet uses S gallons
of water falloaw this advice —— If its yellaow
let it mellaw. If its byowrn flush it down.

Take a shower instead of a bath. And shaower
larg ericugh to get clean, instead of lang
shawers to relax.

3. Install water saving shower heads and toilet
valves, These items can save at least 1/3 of
water rnormally used.

4. Fix leaky faucets. This cam save as much as 200
gallons of water per day.

For the lang term, sanitary sewers may be needed
arcund the lake, and every home must be cormected.
Because of the time involved to complete such a
progect, investigations into how to best camplete
such a project should be started as soon as possible.
A passible begirming is ta request incorporation into
a caunty-wide sewer or conservancy district. Although
none presently exists, the county shauld begin
praoceedirngs as soor as possible toa establish such
districts.
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Indiana LCS: 1975 Size: 69.0 Ac.

Class: 2 Max. Depth: 59'
Index: 26.0 ROYER LAKE Mean Depth: 23.6'
LOCATION DATE DEPTH TP(l) O-PO(Z) N0(3) DO(A) S. DISK(S%EDIMENT

(feet) (mg/1) (mg/l) (mg/l) (mg/1) (feet) (mg/1)

——— e ——— e ———

l |
i | |
Mid-Lake 6/23 0.5 ! P9.4 | 2.5
Upper Basin 5.0 0.22 1.2 | 9.5 '
10.0 7.1 1
15.0 0.7 |
7/6 0.5 0.14 10.2 5.5 |
8.0 9.8 '
13.0 0.12 ] i 0.5 | !
27.0 0.42 ' i i
Lower Basin 7/6 .5 0.17 5.5 :
20.0 0.12
40.0 0.46
8/18 0.5 0.08
23.0 0.29
46.0 0.51
East Inlet
Lower 6/7 0.81 0]
Youngs 0.12 2.6
Junction . 0.23 | 2.4 !
| . 1 i 1
At Lake | 6/23 | 0.1 ! 2.4 | 1 :
7/7 0.22 1 !
7/14 0.57 | \ |
7/27 | ' 0.4
8/15 | 0.2 1.3 § ' t
8/18 .16 : ! :
110/17 0.2 | ' 0.8
i i | :
South Inlet 1/7 0.35 | !
7/22 0.31 * '
8/15 0.39 0.20 1.3 |
8/18 0.29 i
1. Total Phosphorus 5. Seecchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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FISH LAKE

This is the northern lake of a twa lake chain, the sauthern
lake being Rayer Lake. This lake has a surface area of 100
acres, with the deepest area being 89 feet, and a mean depth
of 40.5 feet. This mean depth makes it the deepest lake in
L.aGrange Ccunty.

Ari aerial photograph, takern on 3-26-28, indicates rco
develapment on the lake with the exception of a small
building on the scoutheasterrn share and twoa farm homes on the
narthern shore, each being about 300 feet froam the lake.
Appraoximately 3/4 of the easterr and sautherr shores were
mnarraw wetlands extending abocut 100 - 400 feet from the lake.
Approximately 1/4 of the western shore was dense waadland
with the remaining shore being farm land which extends down
to the shaore of the lake. The narthern shore is mainly farm
land. )

Ar aerial photograph taken in 1965 shows the lake shore to be
campletely developed with homes, except for a few small areas
o the east and west shores. The wetlands have either been
drairned or filled and two charnvels have been dup, orne on the
southwestern shoare and the other on the northeasterwn sheore.
The public access site cccupies what crnce was the largest
wetland on the lake and the northeast charmnel was dug ivn this
area to aobtain fill for this purpose. The scauthwest charnnel
was dug in the woodland area orn the west side of the lake and
is viaw occocupied by a trailer court. The horseshcoe shaped
pond which was dug to fill in the wetland on Rayer Lake's
northern shore was alsc used ta fill the same wetland where
it extended to Fish Lake’s scuthern shaore.

While a 13986 aerial photograph shows maost of the development
was completed by 1965, additiomal homes were built during
these &1 years. Comparisons of the 65 and 86 phatagraphs do
ot indicate any other magjor changes on the lake.

Fish Lake has two inlets. The scauthern inlet is the autlet
of Rayer Lake and is a navigable charrel between the lakes.
The eastern inlet drains appraximately 4075 acres east of the
lake, arnd this watershed contains abacut 700 acres or 17%
highly eracdible scil. The land use in this eastern watershed
ig 100% agricultural and contains few animal cperations. The
major lamd use is crop farming.

Iviputs from this inlet for total phosphorus averaged 0.11
mg/l, 0.09 mg/l for ortho—phosphates, and 3.1 mg/l for
nitrates. The highest sediment input was 0.2 mg/l on 7—-27-88,
but inputs were drastically reduced because of the draught. It
is evident thig stream has contributed large amaunts af
sediment to the lake in the past for a extensive delta has
been formed at the mcauth of the inlet arnd out into the lake.
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This delta is larger than any found on cother lakes in the
County. Alsc the lake at the stream mauth was sa heavy with
the grawth of macrophytee that it was impossible ta enter
this area with a bcat, and the beaches of this area were
completely urnusable.

Mid—lake samples taken on 7-6—-88 averaged 0.1 mg/1l and on
8-18-88 were 0.14 mg/l total phosphorus. These figures
campare with 1975 concentrations of the Indianma Lake
Clacssification System of 0.04 mg/l. Ortho—-phosphates
averaged 0.11 mg/l for two sampling dates in June. O the 66—
23—-88 sampling date, an agal blooam was in progress (species
unidentified) and Secchi Disk readings dropped from 12 faot
an 6—17-88 ta 6.5 foot an this date. By the 7-6-88 sampling
date, Secchi Disk readings had again increased to 9.5 foat
for the blaom had subsided.

Fish Lake represents a lake that has fair aver—-all water
quality, but is experiencing nutrient inputs which, if rct
corrected, will have adverse effects on the water guality.
Retween 1975 and 1588, total phosphorus concentrations
increased significantly from 0.04 to 0.14 mg/l, and this
increase carn be expected to continue in the future.

The causes of the rnutrient inputs are as fallows:

INLET NUTRIENT INPUTS
The east inlet had flowing water all summer even though
the draught reduced the flaw of the stream belaw normal
rates. In Jure total phospheorus concentrations were 0.13
mg/l and in July were 0.14 mg/l. As the drought continued
the valuee for total phosphorus drapped ta 0.06 mg/l and
eventually ta 0.01 mg/l, indicating reduced inputs fram
the surrounding watershed. Alsc, as rncoted befare, a large
delta has farmed at the mouth of the stream from past
sediment inputs intc the lake. The abave data hints that
impravemernts in certain practices in the watershed may be
worthwhile in reducing the aver—all, yearly inputs fraom
this stream.

The sautherrn inlet, which is the cutlet of Rayer Lake,
invalves a more complex situation. Because of the mare
extreme eutrophication asscciated with Rayer Lake and the
mid-lake tctal phospharus concentratioms ( 0.29 mg/l ),
this inlet has a magor impact on the water quality of Fish
Lake. Thus, the sources of the prablems from this inlet
are the very same scaurces affecting Royer Lake.

RESIDENTIAL DEVELOPMENT
Again, development on the lake was campletely unplanned.
Marmy of the hames were built an filled—-in wetlands, and,
with the exception of the west shore, have septic systems
built inm areas «f high water tables. This is especially
true of the eastern shaore.
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Although Fish Lake was not investigated for leachate from
these tarks, it carn be assumed, because of similar
circumstances of development found ori lakes which were
checked for leachate, that septic systems are contributing
to the nutrient input. Rased on the findings of aother
lakes and reports from agencies such as the U.S.E.P.A
relating to septic problems on other lakes, the
poessibility of septic leachate entering the lake would be
a cause of the eutrophication of this lake.

WETI_AND DESTRUCTION
As discussed earlier, large areas of the shore of Fish
Lake were wetland. These wetlands protected the lake from
watershed rutrients and sedimerts by filtering the water
before it reached the lake. In additicn, the wetland
areas im the lake absorbed nutrients from the water and
reduced the rutrient availability to vegetation. With the
destruction of these wetlands, the delicate balarnce faound
in freshwater ecasystems shifted and now the lake is like
& haldivng area for these materials. Unwittingly, we
fertilized the lake, and are rnow experiencing increased
praduction of an urwanted crop.

RECOMMENDAT IONS

Ta insure the present water quality of Fish Lake, Rayeyr Lake
must be comsidered in the plarming for the cver all
implementation of improvemernt projects for Fish Lake. It will
be difficult to expect impraved water quality ar Fish Lake
urless the water gquality of Rayer Lake is simultanecusly
impraved. For recommendaticons for impraovements on Rayer Lake
refer ta the documernt on Rayer Lake. Recommendaticons for
Fish Lake are as fallows:

WATERSHED IMPROVEMENTS
Ariimal cperaticns are rot the severe proablem here as in
the watershed of ather lakes, although in scome instances
mirnce improvemernts car be made. The major prablem in
this watershed relates to crop farming and ercasicn.
Along the length of the east inlet, several areas have
cultivation down ta the stream bark. This is alsa true
for the tributaries of this stream.

Te reduce the volume of sediment in this stream, grassed
buffer strips should be planted alang this stream
accarding ta the specifications of the SCS. In additiomn
the passibility of constructing a wetland area as clase
ta the lake as passible should be investigated. The
wetland would further reduce the sediments ard nutrients
entering the lake.

LAKE IMPROVEMENTS AND SEWAGE DISPOSAL

I the immediate term, those living on the lake shauld



irstitute the following:

A. Chemical weed contral should noct be started.

Weeds should be harvested either by hand cr by
mechanical harvesters. Ovly nuisance weeds should
be remcaved such as those which interfere with
swimming or docking of baoats.

B. Buffer strips shauld be planted alaong the shore to
help cantain storm water rur—off. These buffers
should be as wide as possible preferably 10 foat
or move, and should be planted with small shrubs
and law ground cover

C. Lawn fertilizers and weed killers shaould rnat be
used unless necessary for the health of the lawn.
Wheri they are used, amounts should be minimal.

D. Reduce the use of septic tamks as much as
possible by reducing water usage. Foallow these
simple suggestions:

1. Because each flush of the toilet uses S gallaons
of water faollow this advice —-— If its yellaw
let it mellow. If its brown flush it down.

2. Take a shawer instead of a bath. And shawer
lang erwcugh to get clean, instead of long
shaowers to relax.

3. Install water saving shoawer heads and toilet
valves. These items can save at least 1/3 of
water normally used.

4. Fix leaky faucets. This can save as much as 200
gallaris of water per day.

For the long term, sanitary sewers must be irnstalled
araound the lake, and every haome must be carnnected.

. BRecause of the time invalved to complete such a
praoject, investigatiorns into haw ta best camplete
such a progect should be started as scorn as passible.
A possible begirming is to request incorporation into
A Sanitary Sewer District spornscred by the county.

The water quality of Fish Lake is, in part, dependent on the
water quality of Rayer Lake. With the twoc lakes approximately
1/4 mile apart, and the outlet of Rayer Lake being the major
inlet of Fish Lake, this is obvicus. What may rnot be cbvicus
is the lakes can almost be considered as arne lake when
considering water quality impravement projects.

The people living on the two lakes consider each to be
separate entities and have two lake associations which do rot
readily combire efforts far salving prablems. These twa lake
asscciations should combine effarts,



Indiana LCS: 1975 Size: 100 Ac.

Class: 2 Max. Depth: 78.0'
FISH LAKE
Index: 39 —_— Mean Depth: 40.5'
5
LOCATION DATE DEPTH TP(l) O-PO(Z) N0(3) DO(A) S. DISK‘ %EDIMENT

(feet) (mg/l) (mg/l)  (m3/1) (mg/l) (feet) (mg/1)

|
]
| Mid-Lake 6/17| 10.0 0.12 2.5 7.0 | 12 1
6/23 5.0 0.1 2.4 6.9 | 6.5 L
20.0 6.7 :
7/6 .5 0.09 9.5 |
20.0 0.1 }
40.0 0.1 :
8/18 .5 0.06 | ;
40 0.29 .
76 0.06 :
East Inlet 6/16 0.13 0.07 4.6
6/117 0.1 2.7
717 0.14 {
7/11 0.06 |
|
East Inlet 7/14 0.01 i
7/27 0.2
| i
| ! | :
] '
I | :
. |
L i
! | i
:
1. Total Phosphorus 5. Secchi Disk

Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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APPLEMAN LAKE

This lake is located iv the mid-eastern part of LaGrarge
County and is probably a true example of a kettle lake
formed by a melted, buried ice black of the retreating
glaciers. The surrounding shaore area is 20 — 28 feet higher
than the lake surface with the exceptiom of the southeastern
shore area which appears to be about 10 —15 feet lower than
the remaining shore area. This area drains about 400 acres
ta the scutheast of the lake, but the drainage area is not
clearly defined with a drainage stream. The lake dces nat
have ar inlet or cutlet. The lake is thus a seepage lake
with water levels being maintained by groundwater.

A aerial photograph, taken 12-4-38, shows the lake to be
undeveloped with narrow areas of trees surroundimg the shore.
A large wetland encompasses the entire eastern share and is
the mast rnoticeable feature of the lake. A small bay an the
northeast side of the lake has apparently been isclated fraom
the mairn bady of water by the erncraachment of the eastern
wetland across the mouth of the bay. The surrounding farm
larnd appears to be almast entirely crapland with areas of
considerable erasian visible.

Ar aerial photograph taken in 1965 shows few changes orn the
lake. A hame has beernn built on the west shore and the bay on
the noartheast side appears to be completely filled with
vegetationr.

R 1986 aevial photagraph shows via changes fram the 1965
phatagraph with two rniotable exceptions. First the bay on the
northeast side has lost much of the vegetationm that had
filled in the bay in the 1965 photagraph and rncaw the bay has
aper water, Secand the extensive wetland an the east shore
has cseparated from the shore proper and has formed awv island
in the lake. Iv previcus photographs the lake is kidrey
shaped, but with the entire wetland separaticn, the lake is
noaw almast caval shaped.

The watershed of this lake seems to be canfined toa the
immediate area surraunding the lake with the exception of the
scoutheast area previocusly menticned. The total watershed is
prabably ot more than 600 acres. 0One cancern about the
watershed is that it is composed of about 80% highly eradible
sails. Even though there are nc inlet streams to draiw this
watershed, the immediate area surrounding the lake has a 15 -
25% slaope and ercsion into the lake is evident in several
areas.

Tatal phosphorus in mid-lake averaged 0.23 ppm, crtho—
phosphates were 0.08 ppm and nitrates were 1.2 ppm. Secchi
Disk measurement was 4 faat. -

Appleman lake is aorne of more unique lakes in LaBGrange County.
First, the lake is contained in a deep depression, as much as
&5 feet below the surrounding watershed. Secand the lake has

25



no inlets or ocutlets, thus it?’s water volume is completely
supplied by groundwater and rain.

These twa features make this lake very susceptible to
cantamirating material from the surraunding watershed. If
these materials are introduced intc the lake, their retenticon
time is langer than lakes with inlets and cutlets. Thus,
because of the retention time, inputs fram the surraunding
watershed can have a dramatic and severe effect an the water
guality.

Data or Applemar Lake from the 1986 Indiamna Lake
Classificaticon System (ILCS) indicates a dramatic irncrease in
tatal phosphorus cancentrations in the lake. ( The data was
most likely abtained after 1975, but before 1986.) The tatal
phaspharus was 0.035 mg/1 and the Secchi Disk reading was 6.0
feet. In 1988 the average total phasphorus carncentraticn had
ircreased to 0.23 mg/l, an increase of 6.6 times. In additian
the cancentraticon of tatal phosphorus in the hypoalimnion was
0.64 mg/l, the highest concentration found in the 21 lakes
studied. The Secchi Disk reading, in 1988, was 4 feet, a
reducticon of 1/3.

Applemars Lake supported a tremendous macraphyte grawth during
the summer of 1988. The major species was coontail. Alsa
algal blocoms were a recccuring problem during the summer.
This increased vegetative graowth resulted in reduced
dissclved oxygen concentraticns belaw 10 feet.

Applemarn Lake was the only lake studied where the problems
could not be at least partially attributed to development of
recsidential areas arcund the lake. There are only two haomes
o the lake, and one of these is a considerable distarce fram
the lake. Thus it appeared the problems of Appleman Lake
relate to agricultural practices in the surrcunding
watershed. There are several awnimal cperaticns in clase
praximity to the lake. In addition mast of the farm ground
ir the watershed is craopland. Bath of these practices
contribute to the nutriernt input of the lake.

Ore madifying consideration of the above conclusiorns would be
the 19288 drought, which may have had a more dramatic effect
o Applemars Lake as campared to lakes with inlets and
cautlets. This effect may have increased the concentraticns
of rnutrients found in the lake. Contirved study will settle
this questior, but there is no doubt, even with the dwvcught,
that the water quality of this lake must be improved.

RECOMMENDATIONS

Because of the unique features of this lake, the farmers in
the watershed of Appleman Lake should be acutely aware of the
effects certain farming practices carn have on this lake.
Practices acceptable in other farming areas may have severe
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consequences if emplayed arcund Appleman Lake.

Farm amimals should not be allowed in the lake ta drink, and
they should be restricted from the area around the lake with
fencing. If large rnumbers of farm animals are allowed to
pasture on the steep banks surrounding the lake, proavisians
shauld be made to assure the storm run—off fraom this area
does nat reach the lake. This may be accaomplished by planting
wide buffer strips betweer the lake and the pasture fields.
Any confirnement operations o large barrnyard areas should be
designed properly toa eliminate rurn—off from these areas inta
the lake. In addition, a system of terraces would alsc help
reduce rurn—aff from entering the lake.

Tile drains from barnyards should nct run directly to the
steep areas around the lake, thus allowing this material to
enter the lake. Water from these drains should be diverted
away fram the lake or, if not passible, the water should be
callected inta a series of halding ponds containing wetland
areas. In additicn, any human sewage ( if there is any )
enitering such drains must be elimirnated, and septic tanks
must be installed for those hames not having them.

Fertilizer applications on crop fields iwn the watershed
should be applied according to sail tests, thus reducing
fertilizer rurn—-off and reducing casts ta the farmer.

CONCLUSION

Appleman Lake is a lake in trcauble. If it is possible ta
improve the water quality of this lake, it shauld be done
immediately, for time will only escalate the experise. The
more severe the eutrophicaticon, the mare difficult and
expensive the sclutions,



Indiana LCS: 1975 Size: 52 Ac.

Class: 2 APPLEMAN LAKE Max. Depth: 26'
Index: 30 Mean Depth: 11.3'
LOCATION oate pepti Y 0-20¢? no®  po® s, prsk®sEpIMERT

(feet)  (mg/1) (mg/l)  (m3/1) (mg/1) (feet)  (mg/1)

—— e ——

Mid-Lake 7/1 .5 7.7 E 4 i
5.0 0.08 | 1.2 | 8.3 | l
10.0 6.5
15.0 3.0
|
Mid-Lake 8/24 .5 0.05 [ !
13.0 0 | :
| 26.0 64 | ! ;
Mid-Lake 5/24 8.0
Mid-Lake 6/1 5.0 0.14 1.5 8.5 4.0
Mid-Lake 6/28 5.0 0.15 0.03 5.0
Mid-Lake 8/19 26 0.06
53 0.51
Inlet 6/16 0.36 0.12 1.7
7/14 0.34
10/17 0.26 , , 0.8
}0/21 i i 0.02
)
| |
i
I
|
1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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FIVE LAKES

The Five Lakes are lacated irnn the socuth central area of
LaBrarige County. These lakes are Witmer (204 acres), Westler
(A8 acres), Dallas (283 acres), Hackenburg (42 acres), and
Messick (68 acres), and tagether they have a cambined surface
area of 685 acres. These lakes are iwnterconnected by
rnatural, navigable charrnels o streams.

A 1938 aerial phatograph shows ane cottage on Dallas Lake
with the cther lakes being campletely undevelaped. Extensive
wet land areas encampassing hundreds of acres surround all of
the lakes. These wetland areas were proabably the largest
remaining remnarnt of the vast wetland areas found in LaGrange
County before 1938. Estimates of the per cent of shaore being
wetlands are: Witmer — 70%; Westler — 40%; Dallas - 40%;
Hackenburg —100%; Messick — 25%

Watershed landuse is agricultural, except for the town of
Wolcottville, and the farm fields do not extend dowrs ta the
shcare areas of the lakes as found on other lakes in the
county, mainly because of the wetlands. Only twa county
rocads enter the lakes area, one on east and one an the west
side of the lakes area, leaving a vast, undisturbed lake-
wildlife area. '

A 1965 aerial phatograph shows extensive development on all
the lakes. With the excepticn of the rncrth sides of Dallas
and Hackerburg lakes and the east side of Witmer Lake all the
wet land areas arocund the lakes are gorne and are replaced by
houses. Charmels have been dug ( 32 charmnels can be cournted)
and several of the charnels are so massive that they are the
most noticeable feature of the area, dwarfing ever the width
of the North Branch of the Elkhart River, which is the autlet
river for the Five Lakes. On jJust Witmer Lake alone charvnels
have added approaximately 18,000 feet of shore line ta the
lake.

Almost all of the shore has been converted to campgrounds,
trailer parks, and building lots. Same areas, especially on
Dallas Lake, were develcped inta subdivisions with large
lots, but many areas are subdivided into small 50 foot lats.
Recause these hames have beern canverted to year arcund hames
and sewage disposal has not been impraved to compensate for
this increased use, septic tank leaching is creating a water
quality prablem for these lakes. Septic effluent leaching
was investigated, using the leachate detector, and several
areas were shown ta be leaching septic effluent intc the
lakes.

A 1986 aerial phatograph shows the development of the lakes
was completed by 1965, Further development sivce 1963 has

mainly beewn the carversion of cottages to year around homes.

A second very ncoticeable feature in the 1986 photagraph,

30



aside from the chariges in development, is the large,
extensive wetland-wildlife area mnorth of Dallas and
Hackenburg Lakes. This area is the largest undisturbed
wetland area left in LaBGrange Ccunty and covers several
hundred acres. Its value is immeasurable not amly to
wildlife, but as water guality protectiorn for Hackewnburg,
Messick, and ta a lesser extent, Dallas Lakes.

Except for Dallas Lake, which is the largest and the third
lake in the five lake chain, water quality data is gewerally
similar. Average total phosphorus was 0.20 mg/l for Witmer
Lake, 0.19 mg/l for Westler Lake, 0.11 mg/l for Dallas Lake,
0.19 mg/l for Hackenburg Lake, and 0.23 mg/l for Messick
Lake. Ortho—phosphates-were 0.14 mg/l for Witmer, 0.16 mg/l
for Westler, 0.06 mg/l for Dallas, 0.15 mg/l for Hackenburg,
and Q.17 mg/1 for Messick. Nitrates gererally averaged about
1.5 mg/1l.

Secchi disk readings indicate there is pressure from boating
activities. Readings were takern six days befocre the Memorial
Day weekend and again two days after the weekend. Witmer
l.ake readings dropped fram 8 faot to 4 foot after the
haliday, Westler drapped fyom 9 foot to 4.5 foot, while
Dallas Lake readings remained at 12 foot for both readings.
Later in the summer ( &-28-88 ) bath Westler and Dallas Lakes
impraved with readings of 9 foot and 15 faot respectively,
but Witmer Lake, with a reading of 5 foot, did not improve.

In additicon, on Witmer Lake, a majcor problem exists because
af the number of residents who are by—-passing their septic
tanks and dumping laurndry water into the lake.

The magor inlet stream for the Five Lakes is the Little
Elkhart Creek, arnd the stream enters the first lake of the
chain, Witmer Lake. This stream drairs a water shed of about
23, 000 acresy, making Witmer Lake the largest lake—watershed
complex in the county. Highly eroadible scils in this
watershed do not account for more than 10% of the land area,
but, because of the size of the watershed, carn have a sizable
impact con the lake’s water guality. Sediments for this inlet
were 0.8 mg/l after a rain event. Total phosphorus
cancentraticns averaged 0. 32 ppm for three sampling pericds
(0.26 to 0.36 ppm).

The watershed supports multiple farming operaticons and
several canfined feeding cperaticns are established in this
watershed. The Wocattville, Ind. sewer plant alsa releases
effluent inta the Little Elkhart Creek abaut 2700 feet from
Witmer Lake. Recards fram the IDEM indicate this plant has
problems meeting permit requirements for BOD and suspended
scalids concentrations. Tests using the Leachate Detector alsc
indicate the leaching of septic tarmks inta this stream fram
the hames lacated on the banks of the stream immediately
befare it enters the lake.
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Hackenburg Lake receives water from the other major watershed
for the Five Lakes. Hackernburg Lake has anm immediate
watershed of about 3000 acres, and, if the Oliver Lake
watershed is included, the watershed is about 10,000 acres.
This watershed flows through the large wetland area rorth of
the lake before it enters the lake. BRecause of the
difficulty of entering the wetland area and the extreme
draought, samples were not aobtained fram this inlet stream.

Problems asscaciated with this watershed are mainly cormnected
with farming cperations, especially animal cperaticons.
Several pecople have related an incident of a manure halding
pit being pumped into a drainage ditch which flows inta
Hackenburg Lake. Alsc because of the wetriess of the
surrounding area, large drainage praojects were completed ta
allaw the land tc be farmed, arnd the drained water erters the
lake. Highly eradible land is estimated to comprise abaut
174 of this watershed.

The immediate watershed areas of Westler, Dallas, and Messick
L.akes are small with the largest rnot being much more than
1000 acres. Several drainage tiles enter these lakes.

The Westler Lake watershed drains about 800 acres and
contains about 74 highly erodible land. Samples taken fram a
tile entering this lake resulted in concentraticons of 0,08
ppm artho—-phosphate and 1.8 ppm nitrates. Sediment buildup
is evidert in the area of entree of this drainage tile.

The total watershed area of the Five Lakes is aver 36,000
acres and camprises about 15X of the total land area of
LaGrange Ccunty. Because of this size, the watershed exerts
a majaer influence on the water quality of the lakes.

The gereral complaint of the residents of the lakes is the
increasing macrophyte growth which interferes with lake use.
Shore areas of all the lakes support concentrated graowth of
caarmtail and a filamerntous algae, and in some cases the
growth is heavy encugh to make it almast impassible for
boaats. Lake residents have adopted a weed spray pragram to
cambat this problem.

The causes of decreasing water quality an the Five Lakes are
multiple and complex. Just the sheer size of both the water
area and the watershed, and the prablems asscciated with
bath, requires this report to be considered as a survey of
geveral water quality. A more detailed analysis will require
"several" additional years of study.

While yealizing the complexity of the prablems, several
canclusicons can be made. These causes affecting water quality
have beer categocrized inta general, discussiorn categories and
are as focllows:

RESIDENTIAL DEVELOPMENT

The Five Lakes area has the second highest population dersity
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found in LaGrange County. The highest dernsity is the
Shipshewana area, the result of the popular tourist
attraction. But while the density of Shipshewarna is more
transient, the population density of the Five Lakes region is
more permanent, at least during the summer. This area may
have an estimated 20,000 peacple congregating in or arcund the
lakes arn any single day. With the influx of pecaple coames the
asscciated praoblems which affects the water gquality of the
lakes:

SEWAGE DISPOSAL

Mary of the hames, built an the lakes, were not
plarmed as year arocund residernces. As the homes were
impraved and made year arournd, the septic systems
were nat. Evers thase systems which were upgraded and
improved still were inefficient , and ir some cases,
incperable, because of the high watertables faound
araound the lakes. As these systems are used, the
effluent leaches intca the groundwater, which then
carries the asscciated nutriermts inta the lake.

Through use of the leachate detectar, areas an Witmer
and Westler were found to have leachate entering the
lake from septic systems. This leachate was not
coming from pipes rurming into the lake, for nare
were foaund, but fram septic systems.

How much of an impact cculd this leachate be having
an the lakes? Each person, it is estimated,
contributes cne pound of phaspharus per year thraugh
a septic system. With the tatal phosphcarus
concentraticon of 0.19 mg/l found in Witmer Lake, and
estimating the number of people an the lakes for arne
day at 20,000, the total available phasphorus
through the septics would be 130 million times the
amount found in Witmer Lake. Naew all this available
phosphorus does mot enter the lake. If the amaount
reaching the lake is ore million times less thawr the
amcunt available, the concentraticon reaching the lake
is still 130 times the amount found in Witmer Lake!
Ever if the number of pecple using the septics araund
the lakes is less, the impact of this phaspharus
saurce would still be encrmaus,

LAKE USAGE
The possibility of excessive bocat usage on the lakes
may be cantributing ta the reduction of water quality
of the lakes. There was a marked reducticon in the
Secchi Disk readirngs on Witmer and Westler Lakes aver
the Memcrial Day weekend. Because there were rna rain
events during this time periad, the increase in water
turbidity was attributed ta the turbulerce created by
baat props.
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ATTITUDES OF LAKE RESIDENTS
This sectiorn relates to impressions formulated as I
visited the lakes for sampling o ta talk ta the Lake
Associations across the county. I sampled a tatal of
26 lakes and presented 28 meetings for the residents
of the lakes this last summer.

Fraom this asscciaticon, the following must be
expressed — the attitude of the residernte of the
Five Lakes is the worst encountered anywhere in the
county. This, of course, does rict include all

the pecple living on these lakes, for many are very
concerrned and want to contribute, however possible,
to the improvement of the lakes. But the number of
pecple krnowingly discharging wash water intoc the
lakes, especially Witmer, is tatally irexcusable. So
is the fact that individuals throw trash and garbage
the lakes. Some of these individuals may be visitors
tc the lakes, but I can’t imagine visitors bringing
plastic bapgs of garbage with them sa they can dispose
of them in the lakes.

Ivn addition, the Lake ARssaciation must evalve fram a
sacial club, attended by a few individuals, to an
organization which represents all the residents of
the lakes. And the meetings should be attended by
thaose same residents. It will be difficult to engage
impraovement projects for the Five Lakes without a
strong, viable Lake Assaciation which can lend a
legal identity for this unincorporated area. In fact,
a straong Lake Asscciation can cantribute, through the
unique abilities of it’s members, to self-help
pragrams on the lakes which are now just imagined.

WATERSHED NUTRIENT INPUTS

Recause. the Five Lakes watershed is sa huge ( 53 times larger
than the surface area of the lakes ), the impact of this
watershed on lake water quality is significant. Tc maintain
the present water quality, or haopefully ta impraove it, will

require improvement of certain practices performed in the
watershed.

The nutrient and sediment inputs from the Little Elkhart
Creek, which enters Witmer Lake, are a major source of
lcading for the lakes. Cantributcrs of this loadirng are the
town of Wocottville and farming practices in the watershed.

The sewer plant at Wocottville is, mast likely, a majcr
contributcr, for the plant, according to the IDEM, apparently
is not functioning correctly. In addition, the plant does rnot
have the equipment necessary tao reduce the concentrations of
phesphoayrus contained in the effluent released intc the creek,
and thus may be part of the reason the tatal phasphaorus for
this inlet averaged 0.32 wmg/1l.



Wocottville’s storm water alsa enters this inlet. This water
carn include many materials; including nutrients, which can
adversely affect water quality. After each storm event, the
materials which have accumulated on the rocads, parking lots,
yards, roof tops and other areas frequented by pecple, are
carried in the storm water run—off ta the Little Elkhart
Creek, and then inta the lakes. Recause water is a universal
solvent, any number of materials, same which may be taxic,
are dissalved in this water.

Farming practices, especially animal practices, are alsa a
cancerv. Large rumbers of animals are allowed access to
streams and drainage ditches thraugh cut this huge watershed
af the Five Lakes. Rlsa several containment areas are
maintained in the watershed, and as menticred previcusly, at
least orne has contributed large amounts of marnure and
nutrients to inlet streams.

Crap farming alsa has an impact orn water quality thraugh
ercsion and increased use of chemicals, and of course, when
compared ta areas which are not farmed, always will. Although
impraoved practices need to be implemented, a major reasan of
this adverse impact is the destruction of the wetland areas
ance found along the streams and arocund the lakes. Their
destruction allowed the sediments and nutrients to proceed
unimpeded into the lakes.

RECOMMENDATIONS

If for no other reasan, the econamic viability of these lakes
must be preserved. It is estimated the value of the property
in and around the Five Lakes toa be $40-50 million. If each
hausehald on the lake spent just $100.00 per week for the
sunmer (12 weeks), the ecaonamic impact to the county waould be
$8.4 million per suwmmer. If we want to preserve this
impartant economic base, improvements must be completed in
the watershed and on the lakes themselves.

And of course, the lakes offer other benefite in additicon to
economic. Boating, fishing, swimming, wildlife, water quality
pratection, and, as is often stated, "Its a gocd place to

raise a family", are all reasons for preservation of this
urique area.

LAKE IMPROVEMENTS AND SEWAGE DISPOSAL

In the immediate term, thaose living on the lake
should institute the follawing:

1. Chemical weed control should be discontinued.
Weeds should be harvested either by hand or by
mechanical harvesters. Only nuisance weeds should
be remcved such as those which interfere with
swimming or docking of boats.

2. Buffer strips should be planted along the shore to
help contain storm water run—off. These buffers



should be as wide as possible preferably 10 foot
or maore, and shauld be planted with small shrubs
ard low ground caver

3. Lawn fertilizers and weed killers shcould not be
used unless necessary for the health of the lawn.
When they are used, amcunts should be minimal.

4. Reduce the use of septic tarks as much as
paossible by reducing water usage. Follow these
simple supggestions:

a. Because each flush of the toilet uses 3 gallons
of water follow this advice —— If its yellaw
let it mellow. If its broawn flush it down.

b. Take a shower instead of a bath. And shaower
long encugh to get clean, instead of laong
shawers ta relax.

c. Install water saving shower heads and toilet
valves. These items can save at least 1/3 of
water normally used.

d. Fix leaky faucets. This can save as much as 200
gallons of wateyr per day.

S5. For the long term, sanitary sewers must be
installed around the lakes, and every home must be
caonnected. A poassibility is to petiticm the town
of Wocoattville for incorporation of the Five Lakes
area. Wheri the town begins plans to update their
sewer facility, ask to be included in thase plarns.
This may alsoa be to the town’s advantage, for the
increased number of hook—ups may salve some of the
present problems with this facility.

6. Boat usage, especially on Witmer, may be affecting
the water quality of the lake. Considerable areas
of the lake are shallow, and motor props stir the
battom material. This material contains nutrients
and these are made available ta the plants. Peaple
should restrict bocat usage inm these areas as much
as possible, and when they enter the shallow
areas, the boats should be slowed to a speed that
does ot create a wake.

7. The residents of the lakes shaould form a Lake
Assaciation which will allow participation of all
lake residents. One possibility is to form an
assaciation for each lake, but, because the lakes
farm an interdependent chain and affect each
cother,; the individual assaciations should be
coordinated by a board representing all the lakes.

WATERSHED IMPROVEMENTS
The majgor scurce of nutrient inputs is fram the Little



Elkhart Creek, thus projects to reduce this input shauld
be planned.

1.

g

The town of Wocottville sheould begin impraovements on
their sewer plant as socon as possible. Any
improvements must address the prablem of phasphorus
contained in the effluent. In additicn, stoarm water
run—off should be diverted from the creek, or should
be treated befare it enters the creek.

As the town plans the sewer improvemernts, they should
explore the passibility of incorporating the Five
Lakes area with the goal of providing sewers ta the
lakes. This would spread the cast incurred over a
larger base, and as menticored before, may help salve
the problem, as indicated by the sewer plant manager,
of the present over capacity of the plant.

Farming practices inm the watershed, especially methods
of handling manure, must be impraved. A 1400 pound
steer produces about 37 pounds of phosphorus per year,
while each person produces about one pound. Thus, in
this case, each steer is equal to 37 pecple, and a
farmer who allaws the manure of a herd of S0 animals

to enter an inlet stream, is cantributing the same as
1850 peaple.

For the crop farmer, there are many practices
available for erosion reduction which are rot only
simple ta implemernt, but are alsoc inexpensive.
Infarmation about these practices are available fraom
the LaGrange County SCS office, and in many cases the
farmer can be paid for implementation of these
praojects. Same of these practices are canservation
tillage, terraces, grassed buffer strips and crap
raotation.



Indiana LCS: 1986 Size: 204 Acs.

Class: 2 WITMER LAKE Max. Depth: 54.0’
Index: 27 Mean Depth: 34.5'
LOCATION DATE DEPTH 2 0p0@® N0 pol® 5. prsk©kEpIMEnT

(feet) (mg/1) (mg/1)  (ma/1) (mg/1) (feet) (mg/1)

Mid-Lake 5/24 8.0
6/1 5.0 .14 1.5 4.0
6/28 5.0 .15 0.03 5.0
8/19( 26.0 0.06
53.0 0.51
East Inlet 6/16 0.36 0.12 1.7
(Little Elkhart 7/14 0.34
River) 10/17 0.26 0.8
1. Total Phosphorus 5. Secchi Disk
2. Ortho-Phosphates 6. Pond Outlet Before Lake
3. Nitrates 7. Channel Where Cotton Lake Inlet

4. Dissolved Oxygen Enters Lake

8. Lake Outlet Stream 3-4 miles
from Lake
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Indiana LCS: 1975 Size: 88.0 Ac.
Class: 2 Max. Depth: 38.0'
WESTLER LAKE
Index: 25 Mean Depth: 20.1'
LOCATION DATE DEPTH TP(I) O—PO(Z) N0§3) DO(A) S. DISK(S%EDIMENT
(feet) (mg/1) (mg/l) (mg/1) (mg/l) (feet) (mg/1)
Mid-Lake 5/24 . 9.0
6/1 5.0 0.06 1.6 4.5
6/28 1.0 0.14 0.16 9.0
8/19 0.5 0.03
16.5 0.03

Total Phosphorus
Ortho-Phosphates
Nitrates

Dissolved Oxygen

5.

Secchi Disk




Indiana LCS: 1975 Size: 283 Ac.

2 DALLAS LAKE
Class: - Max. Depth: 96.0'
Index: 28 Mean Depth: 35.2'
LOCATION DATE DEPTH Y o-po(? N0§3) po(®) s. prsk®sEDIMENT
(feet) (mg/1) (mg/l) (mg/1) (mg/1l) (feet) (mg/1)
Mid-Lake 5/24 12
6/1 5.0 0.04 1.8 7.5 | 12
6/28 2.0 .12 0.06 15
8/19 .5 .03
40.0 0.03
83.0 0.27
1. Total Phosphorus. 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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Indiana LCS: 1975 Size: 42 Ac.

Class: 2 HACKENBURG LAKE Max. Depth: 38.0'
Index: 29 Mean Depth: 12.1°
LOCATION DATE DEPTH ) 0.0 N po® 5. prskCsEpiMENT

(feet) (mg/l) (mg/l)  (m3/1) (mg/l) (feet) (mg/1)

. Mid-Lake 8/19 0.5 0.03
16.5 0.03
33.0 0.51
1 [
! | !
i
- 1 I
!
3
|
1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates |

3. Nitrates

4. Dissolved Oxygen
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Indiana LCS: 1975 Size: 68 Ac.

Class: 2 MESSICK LAKE Max. Depth: 55.0/54.0¢
Index: 34/26 Mean Depth: 21.3'
LOCATION DATE DEPTH TP(I) O—PO(Z) N0(3) DO(A) S. DISK‘S%EDIMENT

(feet) (mg/1) (mg/l) (mg/l) (mg/1) (feet) (mg/l)

!
Mid-Lake 5/24 0.17 13.5
8/19 0.5 0.01
20 0.17
46 0.51
|
1
| i
I
[ i
I
1. Total Phosphorus 5. Secchi Disk

Ortho-Phosphates
3. Nitrates

4, Dissolved Oxygen
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ADAMS LAKE

Adams Lake is a 308 acre lake in south central LaGrange
County. The deepest area of the lake is 91 feet and the mean
depth is 25 foot. The major watershed drains abaut 2600
acres ta the east of the lake with the remaining 700 acres of
the watershed being confined ta the mare immediate area of
the lake. The easterwv watershed, drairned by the cnly inlet
to the lake, contains about 700 acres of highly eradible scil
representing about 274 of the watershed. The watershed
immediately surrounding the lake cantains about 70 acres or
104 highly eradible soil.

A 1938 aerial photograph shows approximately 20-25 cottages
had been canstructed on the shore of the lake making this arne
of the first lakes in the county ta be developed. A passible
reason for this early development could be accessibility, for
the lake is surmrounded by roads in the immediate vicinity of
the lake. This accessibility has a laong histor?}FGP survey
maps from 1831 show a trail or road was ivn use at the east
and west sides of the lake. Before this the trails were
probably used by Indians.

The 1938 photograph indicates the lake has almast no wetlands
around the shore of the lake with the exception of a small
wetland on the scouthwestern shore of the lake. Alsa the lake
has shallow water arcund all of the sandy shore allowing for
extensive swimming. Inn the rnortheast part of the lake is a

large, shallow, sandy area comprising about S5-6% of the lake
area.

A 1965 aerial photograph shows the lake ta be completely
develaped. Charmels have beers dug on the scuthwest and
southeast shores and homes and cottages completely surraund

the lake with the exception of a small area arcund the
coutlet.

A 1986 photograph is very similar to the 1965 phatograph,
thus develcpment of the lake was basically completed by 136S5.

Total phosphorus concentrations for the inlet stream on the
east side of the lake averaged 0.43 mg/l for five samples,
with the highest reading being 0.59 mg/l. The average ortho-—
phasphate caoncentration for three samples was 0.33 mg/l with
the highest concentration being 0.41 wmg/l. The nitrate
concentration for these same three samples averaged 2.6 mg/l
with the highest corcentration being S.4 mg/l. This inlet
alsa brings large amounts of sediment inta the lake. The
charmel which receives the water from this inlet has been
dredged three times in the past 10 years, and during a rain
event sediment was 0.8 mg/l. Total phospharus concentration

for a mid-lake sampling averaged Q.15 mg/1l far the water
calumr.

Twoe problems threaten the water quality of Adams Lakes. First
is the high density of homes on the lake, and secand, the
inlet stream on the east side of the lake.
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RESIDENTIAL DEVELOPMENT

Adams Lake has about 330 homes, many of which are year
arcund. Although the homes were improved during the
transition from summer cottages to permanent residences,
the septic systems are basically the same csystems which
served the summer cottages.

Rlthaugh Adams Lake was rnat investigated for leachate from
these tarks, it can be assumed, because of similar
circumstances of development found on lakes which were
checked for leachate, that septic systems are contributing
to the nutrient input. Rased on the findings of cther
lakes and reports from agencies such as the U.S.E.P.A
relating to septic prablems on cther lakes, the
possibility of septic leachate entering the lake wauld be
a cause of the eutraphication of this lake.

INLET NUTRIENT INPUTS

This inlet stream cantributes extremely high
concentrations of nutrients to the lake. Of the five
samples on this inlet, total phosphorus averaged O.43 mg/1
with the highest reading being 0.59 wmg/l. and nitrates, at
a concentration of 5.4 mng/l, were the highest faund of any
of the 22 inlet streams checked. Thus, this inlet stream

is a major contributor ta the declining wates quality of
Adams Lake.

The major contributors to the rutrient inputs of this
stream, which drains about 2595 acres, are several animal
cperations iv the watershed, and crop farming.

RECOMMENDAT IONS

Rdams Lake is part of the huge watershed which supplies Five
Lakes, three miles away from Adams Lake. Thus, the water
quality of Adams Lake alsa affects the water quality of the
Five Lakes, especially Witmer Lake, the first lake of the
five lake chain.

LAKE IMPROVEMENTS AND SEWAGE DISPOSAL

In the immediate term, thase living on the lake
should institute the follawing:

A. Chemical weed cantrol should be discontinued.
Weeds should be harvested either by hand or by
mechanical harvesters. Only nuisance weeds should
be removed such as those which interfere with
swimming or docking of boats.

B. Buffer strips should be planted along the share to
help contain storm water run—off. These buffers
should be as wide as possible preferably 10 foot



oM more, and should be planted with small shrubs
and low ground caover

C. Lawn fertilizers and weed Killers shaould rnot be
used unless necessary for the health of the lawn.
Wherr they are used, amounts should be minimal.

D. Reduce the use of septic tarnks as much as
passible by reducing water usage. Follow these
simple suggestions:

1. Because each flush of the toilet uses S gallons
of water follow this advice —— If its yellow
let it mellow. If its brown flush it down.

]

. Take a shower instead of a bath. And shower
lang encugh to get clean, instead of long
shawers tao relax.

3]
a

Install water saving shower heads and toilet
valves. These items can save at least 1/3 of
water normally used.

4. Fix leaky faucets. This can save as much as 200
gallaons of water per day.

For the lang term, sanitary sewers must be installed
around the lake, and every hame must be carmnected.
The lake residents have applied for a grant fram the
State for sewer installation, and this averue should
vigoraously be pursued. The installation of sewers
wculd be of extreme value in protecting the water
quality of this lake.

WATERSHED IMPROVEMENTS

Nutrient inputs from the east inlet stream must be
dramatically reduced, or the detericration of the water
quality of the lake will persist.

The handling of animal wastes must be impraved and
programs implemented to reduce storm water run—off.
Rccess to the stream by farm animals must be restricted.
Because of the amount of highly ercodible land in the
watershed, practices should be implemented ta reduce
erosicrn o crap land.

To reduce storm water run—off from animal aperations,
halding lagoons, grassed buffer strip, and, in same cases,
wetlands should be constructed ir strategic areas tao
contain and treat the water before it enters stream. To
keep animals cut of the streams, stream banks should be
fenced and restricted access areas should be constructed
to allaw the animals to drink without directly entering
the streams. In addition the stream banks should be seeded
with grass and possibly small trees and shrubs.

Ta reduce sediment inputs into the lake, good farming
practices must be implemented. Whether conservatiaon
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tillage, terraces,grassed buffer strips, contour tillage,
or ather measuwes are used depends on individual rieeds and
requirements. But, whatever the practice implemented, a
reduction of sediment inputs intc the lake will help
preserve the water quality of Adams Lake.
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Indiana LCS: 1975 Size: 308 Ac.
Class: 1 ADAMS LAKE Max. Depth: 91’0'
Index: 28 Mean Depth: 25.0'
LOCATION DATE DEPTH TP(I) O-PO(Z) N0§3) DO(A) S. DISK(S%EDIMENT
(feet)  (mg/l) (mg/1) (mg/1) (mg/1) (feet) (mg/1)
!
Mid-Lake 8/23 0.5 0.03 I 8.0
40 0.06
82.5 0.38
East Inlet 6/16 0.34 0.21 5.4 .
6/22 , 0.41 1.7 l .
7/11 | 0.24 | !
7/14 ! 0.59
7/27 0.2
8/15 0.38 0.6
8/18 0.40
10/17 0.56 0.8

1. Total Phosphorus

2. Ortho-Phosphates

3. Nitrates

4. Dissolved Oxygen
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OLIVER, OLIN AND MARTIN LAKE CHAIN

This chain of lakes is located inm the south, cenrntral part of
LaGyrange County aboaut ane mile morth of the Five Lakes chain
of lakes. The lakes are Martin Lake (26 acres), 0lin Lake
(103 acres), and Oliver Lake (362 acres). The lakes have a
cambined surface area of 491 acres, making it the second
largest lake camplex in the county. RAlsc Qliver Lake is the
second largest lake in the county, being cnly 26 acres
smaller than Big Long’s 388 acres.

R 1938 aerial photograph shows the begirming of develapment
an Oliver Lake with about 15 homes and the Purdue University
Limberlost Nature Camp cccupying areas of the noceth and east
shores. 0lin and Martin Lakes remain caompletely undeveloped
and isalated for rocads have not beern caomstructed to these
lakes.

Wetland areas surround about S04 of Qlin and about 75% of
Martin Lakes. Large wetland areas surround the western half
of Oliver Lake, and the wetland surraounding the outlet of the
lake extends into the massive wetland area on the north side
of the Five Lakes area. To the narthwest of the cutlet is a
secand wetland area of several hundred acres, and this area
cantains twoa large ponds cavering about 25 acres This wetland
area is alsc part of the wetland camplex rnorth of the Five
Lakes area.

Ov the vnorth side of Oliver Lake several farm fields
approach the shore of the lake and areas of severe erasion
cann be identified which are erading into the lake.The
remainder of the lake is buffered by either trees or wetlands
and thus farming is remaved from the immediate lake area.
Both Martin and Olin Lakes are protected from farming
activity by woods or wetlands, with the exception of cne
field on the riorth of Martin Lake. Eraosion from this field
has “"flawed” fram the field and covered the wetland arcund
the shore in several distinct areas. Orne of these erosiaon
areas has completely caovered the wetland area and is most
likely directly adding sediment to the lake.

The watevrshed land use is farming, with all available land
under cultivatiaon. The twa inlets orn the east side of Martin
Lake are surrcunded by wetlands of several hundred acres.

The twa inlets on the eastern side of Oliver Lake are farmed
“dowri to the creek banks", and the lake is rnat protected fram
this inflow by wetlands. The large inlet stream aon the
narthwest side of Oliver Lake {( knowr as the Caldwell Ditch)
flaws into a large wetland area before entering the lake.

The major inlet for Olin Lake is the ocutlet of Martin Lake,
althcugh two aother small inlets ernter the lake.

A 19685 aevrial photograph shows Oliver and Martin Lakes to be
developed with hames. On Oliver Lake all but the scuth shore
has been develaoped, and eight charnrnels have been dug on the
west side to accommodate about 35 additicnal homes. Martin
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Lake has been developed on the north share anly, and no
charmels have been dug orn the lake. 0lin Lake remains
undeveloped.

Approximately 25% of the wetland ricvth — northwest of the
cutlet of Oliver Lake has been drained, and a system of
eight, large drainage ditches have been canstructed in this
area ta allow farming. It appears sediment from this drainage

system is filling in a large pond, for the pond is smaller
thar in 1938.

Wetland areas on Oliver Lake have been drained except twa
small areas on the rnorthwest side and the wetland areas on
the south side which is undeveloped. The wetland areas on the
rnorth share on Martin Lake are now hausing develapments. The
large wetlands surrounding the eastery inlets of Martin Lake
are still intact as are the small wetlands om the scuth
shore. Many of these surviving wetland areas indicate an
accelerated vegetative succession possibly caused by drainage
practices in the area surrounding the wetlands.

A 1986 aerial photograph shaows moast of the development was
campleted an the lakes by 1965. Additional hames have been
built on the west shore of Oliver Lake and a campground or
trailer caurt has been completed on a charrel or the
northwest shore of the lake. Additiomal homes have been
constructed on the noarth shore of Martin Lake, but rna cther
magor chawnges are noted an either lake. 0Olin Lake is still
campletely undeveloped, thus this lake, with a surface area
of 103 acres, is naw the largest undevelaoped lake in the
state of Indiana. The draivnage system, which drains part of
the wetland area north of the 0Oliver Lake autlet, has been
dredged cut since 1965, making the drainage more efficient.

Water quality data indicates these lakes are superior to mary
of the county lakes. Total phosphorus averaged 0.1 mg/l feoe
Martirn, 0.07 mg/l for Oliwv, and 0.08 mg/l for Oliver Lake.
Nitrates cancentrations were about 2.0 mg/l1 for the three
lakes. Secchi Disk readings, recorded on the same day, were
15 foot for Martin, 10 foot for 0Olin, and 10 foot for Oliver
Lake. Oxygenrs concentrations were good in all three lakes.

Data from inlet streams indicate potential praoblems for these
lakes, especially 0liver Lake. The northwest inlet stream on
Oliver Lake ( Caldwell Ditch ) drains abaut 1300 acres, with
about 175 acres or 13.5% classified as highly ercdible. This
inlet alsc drains the area around the county landfill, which
may increase the paotential impact o the lake. Taotal
phosphorus cancentrations for this inlet averaged 0.22 mg/l
for three samples (0.12 — 0.34 mg/l1). Sediment was 0.8 mg/1l
after a rain event. A sample taken on 6-20-88 recorded a
concentration of 0.24 mg/l for artho-phosphate. Total
phospharus was not run on this sample.

Twoe inlet streams enter the east side of Oliver Lake and
draivn a watershed area of about 800 acres with about 60 acres
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or 7.50% being highly eradible. The mast wmorthern inlet
averaged 0.09 mg/l total phasphorus for three sampling dates,
while ortho—phasphates were 0.01 mg/l. One sample, taken
after a rain event, was 0.24 wmg/l tatal phaosphorus.

Sediments did not prove toa be a praoblem on this imlet with
the bhighest veadivng being Q.4 mg/l. The scautherr inlet
stream, entering the eastern side of the lake, averaged 0.26
mg/1l tatal phosphorus for four sampling dates ( ravige Q. 10—
Q.48 mg/1l) and ortho—phosphates on ore cccasion were beyond
the limits of the test of 2.5 mg/l. Sediments were 1.0 mg/1
after a rain event.

Oliver Lake has a direct watershed of about 3300 acres, with
about 130 acres or 4% highly eradible land. If the watershed
of Martivn and Olin Lakes are included in the watershed of

Oliver, the total watershed of this lake is about 7100 acres.

The Olin Lake watershed has only about S60 acres with abcut
30 acres or 5% highly erodible land. Olirn Lake is completely
surracunded with a large stand of hardwoocds, and of the SEO
acres, abaut 200 acres is forest and wetland. If the Martin
Lake watershed is included, the total watershed of 0Oliv is
abcut 370Q acres.

Martin Lake has a watershed of about 3150 acres, with
approximately 150 acres or 4.8% highly ercdible land. This
huge watershed is 121 times larger than the lake and must
have significant influence on the lake’s water guality.

This three lake chair is one of the most unique lake systems
in the state of Indiana. First, Martin and Oliver Lakes are
both undevelcoped on their southern shores which has reduced

the effects of development found cn many other lakes in the

cournty. Second, 0Olin Lake, the second lake in the chain, is
the largest undevelaped lake in the state, creating a window
into the past, and allawing a visualization of the pristine,
undisturbed lakes as they once were.

But even this isalaticrn of Olin Lake may not protect this
lake forever. There are indications the water quality is
declining as indicated in the table below. The table compares
total phosphorus concentrations and Secchi Disk readinge from
1975 vs 1988.

TOTAL PHOSPHORUS SECCHI DISK
(mg/1) (feet)
1975+ 1388 1975+ 1388
MARTIN Q, 04 Q.1 10.35 15. 0
OLIN {0.03 0. Q7 9.0 10.0
OLIVER {0.03 0. Q8 10.0 10.0

* Indiana Lake Classification System — IDEM ;1986



Although the Secchi Disk readings are similar, the phosphorus
concentrations have at least daubled for all three lakes. Ta

determine a definite trend, these lakes will be investipated
in future years.

Fram this preliminary data, some cornclusicns as to the causes
of the declining water quality can be made.

INLET NUTRIENT INPUTS

Inputs far Olin Lake are mainly from Martin Lake. Even
though Olin has twa other, very small inlet streams, each
are suwrrounded by forest and wetlands. Thus Martin Lake
has a major impact on the water quality of 0Olin Lake.

Martin Lake, which has the highest phasphorus
cancentratiorns of the three lakes, has a very large
watershed, and a large porticr of the nutrient input must
ariginate here. The lake has only 15 homes built aon the
shore, and, even though the lake was not investigated
with the leachate detector, it seems unreasconable ta
suspect septic leaching to be a major cause of the
phospharus input. Further investigations of the inlet
streams of Martin Lake will be campleted during wormal

years, for the 1988 investigaticns were curtailed by the
drought.

Oliver Lake is influenced by inputs fram 0lin Lake and
three inlet streams. The major inlet is the Caldwell
ditch which enters the northwest side of the lake.
Recause of its valume and the high covicentrations of
phosphorus and sediments, the Caldwell ditch is prabably
the major contributor of inputs fraom the three inlets.
The major saurces of inputs are farming practices awnd
pessibly the county landfill, but additicnal studies must
be campleted ta further identify the exact scurces.

The east inlet #2 watershed alsc contributes high

cancentrations of nutrients and sediments to the lake.
Because this stream dcoes rncot have the flow of Caldwell
Ditch, the aver-all amcunts are nat as bhigh. The main

source of inputs orm this stream are mainly froam animal
aperations.

The east inlet #1 did rnot show excessive caoncerntrations
of nutrients or sediments except for the 10-17-88
sampling date. The tatal phosphorus corncentration was
0.24 mg/l and sediments were Q.4 mg/l. The scurce of
these concentrations are mnost likely farm cperations in
the upper area of this stream.

Althaugh the three inlets of Oliver Lake and the twc of
Martin Lake have buffer strips of either wetlands or
wooded strips along the first half mile of their banks,
the farm fields further from the lake are farmed close to

52



the barnks of the stream. In addition, there are several
animal cperations of varying intensity throughout the
watershed of all the streams.

The wetlands, especially on the east end of Martin
Lake, have very visible '"streams" flawing thraough them.
This indicates that chanrnels were either dug or
develaped because of surraunding drainage practices
through the middle of these wetlards. This allows the
water to flaw through the wetlands uninhibited, and
thus the water is not filtered by the wetland.

RESIDENTIAL DEVELOPMENT

To
af

Again, develaopment was unplarmed. On the west end of
Oliver Lake, the homes are built either on law lying areas
o iy filled in wetlards. This may have created problems
for sewage dispasal. Rlthough the area was not checked
with the leachate detector, several prablems with poorly
operating septic systems have beers reported. A similar
situation exists an the rnortheast shore of Martin Lake.

Geverally, the residential development orn both Martin and
Oliver Lakes has had same impact on lake water quality,
especially the septic systems memtiored before. Same lots
on bath lakes are small and several systems may nat
conform tao coades corncerning set—backs. Alsc, some systems
shauld be updated, for there is concerrn that some of these
cld systems are rnot functioning properly.

RAlsa several other practices along the lake shore are
having adverse affects on the lake water quality. Several
lake residents have removed aquatic vegetation from the
shoreline even though the vegetation did rnot interfere
with lake use. Landscaping practices, especially on steep
banks, have left areas of exposed scil which then erades
inta the lake. Several larpge trees have beern cut on these
"bank" areas toa allow the sun to penetrate to grass and
flower bed areas. Lawn fertilizer and weed killers have
beern used extensively in soame areas.

RECOMMENDAT IONS

assure the maintenance of the water quality in this chain
lakes, the follawing is recommended:s

WATERSHED IMPROVEMENTS
Farming practices in the watershed of this three lake
chain are the major watershed contributor to the
nutrient and sediment inputs of the lakes.

A. Stream banks shcould be seeded with grass and low
growing shrubs, and farm fields should ncot be
planted close tao the stream.



B. Animal coperations must be maintairned so manure and
run—off is diverted from the streams. Where animals
are allowed ta pasture, the streams should be fenced
and limited access drinking areas conmstructed. In
addition confinement operaticns and barnyards should
either be moved from areas close to the streams or
rurn—off treatment, such as holding pits or diversion
ditches, should be constructed.

Many of these ideas and others, to rnumercus to mention,
are available from the LabGrange County Extensicon and SCS
Offices. In addition to technical information, fimancial

assistance may be available from the LaGrange County
ASCS Office.

LAKE IMPROVEMENTE AND SEWAGE DISPOSAL

The lake residents can alsc initiate many improvements

which will preserve and imprave the water guality of the
lakes.

In the immediate term, thaose living orn the lake should
institute the follawing:

A. Chemical weed contral should nat be started.

Weeds should be harvested either by hand or by
mechanical harvesters. Only nuisance weeds should
be remaoved such as thaose which interfere with
swimming o docking of boats. Distuwrb as little
of the vegetation as possible.

E. Buffer strips should be planted along the shore to
help cantain stoarm water run—off. These buffers
shcould be as wide as possible preferably 10 foot
ar more, and should be planted with small shrubs
ard low ground caver

C. Lawn fertilizers and weed kKillers should nat be
used unless necessary for the health of the lawn.
When they are used, amcunts shauld be minmimal.

D. Reduce the use of septic tanks as much as
poseible by reducing water usage. Follow these
simple sugpestions:

1. Because each flush of the tcoilet uses S gallans
of water follow this advice —— If its yellow
let it wellaw. If its browrn flush it down.

n

. Take a shower instead of a bath. And shawer

lamg enoupgh to get clean, instead of long
shawers ta relax.

&)

- Install water saving shower heads and toilet
valves. These items can save at least 1/3 of
water normally used.

4. Fix leaky faucets. This can save as much as 200
gallons of water per day.



E. When landscaping, disturb cnly the area being
landscaped. Construct barriers to exposed sail
ercsion and leave as many trees as possible.

For the long term, sanitary sewers shauld be
irwvestigated, especially for thase homes built aon low
areas or filled wetlands. Such a study may prove sewers
are not necessary for the entire lake area, but it may
be possible to imprave a sewage praoblem with alternate
systems.
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Indiana LCS: 1975 Size: 362 Ac.

Class: 1 OLIVER LAKE Max. Depth: 91.0'
Index: 10 Mean Depth: 40.0°
LOCATION DATE DEPTH TP (1) 0-PO 2 NO (3) DO (4) S. DISK (S)SEDIMENT

(feet)  (mg/1) (mg/1)  (m3/1) (mg/1) (feet) (mg/1)

Mid-Lake 6/20 |12.0 0.03 1.9 8.0 10.0

8/18 0.5 0.03

40.0 0.12
82.5 0.1

NW Inlet 6/20 0.24 0.01

7/22 0.20

10/17 0.34 0.8
East Inlet #1 [6/22 0.01

6/28 0.01

7/11 0.12

8/15 0.02 0.5

8/18 0.01

10/17 0.24 0.4

10/21 0.01
East Inlet #2 [6/22 0.22 1.5

6/28 0.48 0.32

7/11 0.22

8/18 0.23 1

10/17 0.1 1.0

10/21 0.025
1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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Indiana LCS: 1975 Size: 103 Ac.

Class: 1 SEINEAKE Max. Depth: 82.0'
Index: 10 Mean Depth: 38.0°'
LOCATION DATE DEPTH TP(I) O—PO(Z) N0(3) DO(A) S. DISK‘S%EDIMENT

(feet)  (mg/1) (mg/1)  (mg/1) (mg/1) (feet) (mg/1)

Mid-Lake 6/20 10 0.02 2.2 8.0 10
8/18 0.5 0.01
43.00 0.01
80.0 0.21
i
1. Total Phosphorus 5. Secchi Disk

2, Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen



Indiana LCS: 1975 Size: 26 Ac.
Class: 1 Max. Depth: 56.0'
MARTIN LAKE
Index: 35 - Mean Depth: 34.2'
LOCATION DATE DEPTH TP(I) O-PO(Z) N0(3) DO(L) S. DISK(S)SEDIMENT
(feet)  (mg/1) (mg/l) (mg/1) (mg/1) (feet) (mg/l)
|
Mid-Lake 6/20 | 10 0.09 2.1 8.1 | 15.0
8/18 0.5 0.03
26 0.05
53 0.23
600 S. Inlet 8/12 0.03
1 I
b
1. Total Phosphorus- 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates
4. Dissolved Oxygen

o
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RIG LONG LAKE

This lake is located in the southeastern corner of LaGrange
County, and at 388 acres is the largest lake in the Caunty.
The maximum depth of the lake is 82 feet and mean depth is 40
feet, making this lake the third deepest lake in the Counrty.

A 1938 aerial photograph shows several areas of the shore
were developed with county roads leading ta several hurndred
hames. Wetland areas are visible on the rorthwest, sauth and
sautheast areas of the lake. The watershed landuse is
agriculture, and the fields extend dowr ta the water’s edge
except in the develaped areas. These fields shaw evidence of

extensive ercsion especially in the watershed surracunding the
narthwestern inlet stream.

A 1965 aerial phatagraph shows the lake to be campletely
developed with the exception of a small area in the scuthwest
part of the lake. Charmels have been dug on the northwest
arnd sautheast shores, and trailer courts have been developed
alang these charnnels. Two wetland areas remain in the
sautheast area of the lake, and have been undisturbed except
forr a small charmel dug to one side of a wetland area. These
wetland areas are alsc evident iw the 1938 photagraph as is
the small wetland area arcund the northwest inlet stream.
Thus, Rig Long Lake rnever had an extensive wetland system as
found ory ather lakes of the caunty.

A 1986 aerial photograph indicates lake development had been
campleted by 1965, for there is little noticeable difference
betweern the twc photographs. An exception is the northwest
inlet stream has apparently been dredged during this time
pericd for the stream boundaries are much more defined.

The watershed of about 3000 acres is small in comparison tao
the lake and is only 7.7 times larger than the lake itself.
Appraximately 700 acres or 23% of the watershed is classified

as highly eracdible, most of which surrcurnds the noarthwest
inlet stream.

Total phosphaorus at a mid-lake sampling site averaged 0.18
ppm, while crthc—phosphates averaged .03 ppm. Samples
obtained in the lake at the rorthwest inlet stream had a
total phosphorus concentration of 0.37. Samples abtained
from the inlet stream itself were 0.10 ppm total phaspharus,
while sediments were 0.6 mg/l. This inlet enters a bay on
the ncorthwest part of the lake, and the inflows of nutrients
and sediments from this inlet may be affecting the water
quality of the bay.

An area described as the sauthwest pond inlet alsc is a
problem area for the lake with excessive macraphyte growth.
Ortho—-phosphates averaged 0.1 ppm, nitrates averaged 2.0 ppm
and the DO averaged 14.9 ppm for this sampling site.
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Generally foyr the lake as a whole, lake residents have
noticed am increase in macrophyte growth aver the past

several years and have begun a weed spray program to combat
this praoblem.

BIG LONG LAKE

Rig Lang Lake is a puzzle. Secchi Disk readirngs were as much
as 20 faot in mid June, but had declined ta only 10 faaot by
the end of August. Macrophyte growth was never a extreme
prablem except in the northwest bay, the southwest pond inlet
area, and several areas orn the southern shore. Recause of the
draought, the watershed did not contribute rormal inputs of
water or nutrients, and; in fact, the cutlet had no water
flaw for about 1 172 monmths during the summer. Still

total phosphorus concentrations averaged 0.18 mg/l at the mid
lake sampling site. This is the 10th highest concentration
aof the 21 lakes studied.

Dne poassible explanation is the 850 hames o the lake. As an
most lakes, these were once summer homes which were converted
to year around homes. When these homes were improved, the
septic systems were noat, thus many of the septic systems may
be the original systems built at the same time as the summer
home. Although the lake was rot tested with the leachate
detector,; it is suspected wany of these septic systems are
leaching intc the lake. Several lake vesidents have indicated
that septic systems aver floaw and »umn into the lake.

Inputs from the watershed are a problem in some areas, but
nutrient inputs from these areas doa not account for the
phosphorus concentrations found., For example, inputs fram the
rorthwest inlet styeam may not have a significant impact on
lake phasphorus levels, for the water fram the bay flows
towards the lake cutlet, which is close by. Alsa this bay is
aver ane mile from the mid-—lake sampling site, and the water
of the lake flowe from the site tawards the bay.

Althcugh macrophyte growth is an extreme problem in the
narthwest bay, causes, other than the inputs from the inlet,
must be contributing to this growth. Because of the drcought,
this stream had no flow during the summer. In October, after
a starm event, the total phaosphorus concentration froam this
stream was 0.1 mg/l and sediments were 0.6 mg/l. These
concentrations do not seem to account for the extreme prablem
found iv this bay. Of course, nutrient concentrations, large
encugh to suppart the macrophyte growth faund, may be the
results of inputs from past years. A lake sample, taken from
the lake near the mouth of the stream, had 0.37 mg/1l tatal
phospharus, indicating high past inputs from the inlet.

A 1925 survey map of the lake hints at ancther possibility
for the cause of the vegetation problem in the bay. In 1325
this area was very shallow and was mostly a wetland area.
Whern a dam was installed at the ocutlet and the water level of
the lake raised, the increased water depth destroyed the
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wetland, but, because of the bottom mutrients and the still
shallow water depth, macrophytes succeeded the succulent
plants of the wetland.

The sauthwest bay pond inlet is alsa an area of high rnutrient
inmput. Although total phospharus concentrations were nat
determined, excessive macrophyte groawth in this area
indicated high nutrient inputs. Ortho-phosphates in the bay
were Q.14 mg/l, and the dissalved oxygen at the surface was
14.9 mg/l. The high dissclved oxygen alludes ta the bigh
phatasynthetic activity in this area stimulated by the
available nutrients entering the lake in this area.

What ever the causes of the high nutrient levels faund in the
lake, defimnition of the causes must await further study.

RECOMMENDATIOMS

LAKE IMPROVEMENTS AND SEWRAGE DISPOSAL

First, a septic system inspecticrn program should be
implemented for identificatiorn of septic cantributicon to
nutrient inputs. This should include a septic dye praogram in
cangunction with investigaticons usivng a leachate detector.
Second, if the above investigatiom proves positive, a pragram
for sewer installation should be implemented.

In the immediate term, those living on the lake should
institute the faollawing:

A. Chemical weed control shauld be discontinued.
Weeds should be harvested either by hand or by
mechanical harvesters., Only nuisance weeds should
be remaved such as those which interfere with
swimming or docking of baats.

E. Buffer strips should be planted along the shaore to
help contain stoarm water run—off. These buffers
should be as wide as possible preferably 10 foot
o more, awnd should be planted with small shrubs
and law ground coaver

C. Lawn fertilizers and weed killers shauld nat be
used unless necessary for the health of the lawn.
When they are used, amounts should be minimal.

D. Reduce the use of septic tamks as much as
passible by reducing water usage. Fallow these
simple supggestions:

1. Because each flush of the toilet uses S gallons
of water foallow this advice —— If its yellaow
let it mellaow. If its brown flush it down.

m

. Take a shower instead of a bath. And shawer

long erough to get clean, instead of long
shoawers to relax.

)

- Install water saving shoawer heads and tailet



valves., These items can save at least 1/3 of
water narmally used.
4. Fix leaky faucets. This can save as much as 200
gallons of water per day.

Ivn additicrn, further studies of the bay areas should be
completed ta determine ather scurces of nutrient inputs,
especially the northwest bay area. This is alsa true for the
pand inlet area. Progress of the lake’s water quality should
be surveyed each year.

WATERSHED IMPROQVEMENTS

The watershed of Big Lorng Lake surrounds the lake as a narrow
bard of land, and only on the scuth and west sides does the
watershed extevrd more than one mile from the lake. The
watershed drains cnta the lake mainly through drainage tiles,
found all arcund the lake, and fouwr small inlet streams. All
af the streams are on the west side of the lake.

Twa of these inlets, discussed in the results, most likely
require attewmtion, especially the noarthwest inlet stream.
Construction of a nutrient—sediment trap o wetland o this
noerthwest inlet stream may be corrective measures to be
consider. Prapasals, such as dredging the bottam of the bay,
would require further study, including bottom core samples,
to assure corrective measures da not coreate additional
problems for the lake.

Constructicon of nutrient—sediment traps may alsa reduce the
inputs from the scuthwest bay pond inlet. A wetland,
canstructed on the shore of the pond at the inlet mouth, may
be another passibility, but construction further fram the
lake—pond area may vnot be feasible because of the low stream
flow rocermally associated with the stream.



Indiana LCS: 1975 Size: 388 Ac.

Class: 2 Max. Depth: 82.0'
Index: 33 s R Mean Depth: 40.0'
LOCATION DATE DEPTH TP(I) O—PO(Z) N0(3) DO(A) S. DISK‘S%EDIMENT

(feet) (mg/1) (mg/l) (mgll) (mg/1) (feet) (mg/1)

Mid-Lake 6/13 8.0 0.03 1.2 7.0 20.0 |
8/23 0.5 0.06 10.0 }
33.0 0.17
66.0 0.31 t
]
SW Channel 6/16 0.37 0.08 0.6 '
|
SW Bay Pond 6/13 0.14 1.7 14.9 |
i
NW Inlet 10/17 0.1 0.6
. 1]
)
!
' |
|
1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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RIG AMD LITTLE TURKEY

Rig and Little Turkey Lakes are located inm the southeast part
of LaGrange County rnear the town of Stroh. Less thar half of
Rig Turkey is in LaBGrange County with the remainder being in
Stuben County. These lakes are about 1/2 mile apart and are
carmected by x non—-mnavigable stream.

Little Turkey Lake cavers an area of 135 acres, with a
maximum depth of 30 feet and a mearn depth of 11.5 feet. Rig
Turkey Lake is 450 acres, with a maximum depth of 65 feet and
a mean depth of 16.2 feet.

The 1938 aerial photograph of Big and Little Turkey Lakes
show bath lakes to be completely undevelaped with the
exception of a cement manufacturing plant on the northwest
shaore of BRig Turkey Lake. The cement plant dredged marrow
fram the wnorthwest part of the lake, creating several large
bay areas iwn this part of the lake. A 1830 survey map shaws
that Little Turkey Lake did not even exist and was created by
the remcaval of marrcow from a large wetland area between the
lakes. This very large wetland area had beern drained by 1938.

Small wetland areas surrounded the eastern and western
shores of Little Turkey Lake, and the rarthern and scouthern

shares of Rig Turkey Lake. For its size, BRig Turkey Lake has
few wetlands.

A 13965 aerial photagraph shows Big Turkey lLake to be
campletely developed arcund the shore. Several channels are
visible, and the hoames are several rows deep. This lake is
one of the most intensely developed lakes in the county.
Development on Little Turkey Lake has been confined toa 3/4 of
the scuthern share. The remainder of the lake is surrcunded
by wetland areas. No charmels have beern constructed.

A 1986 aerial photograph shows development had been
campleted by 1365, with additioral development confined to
construction of vacant lots.

The watershed of Little Turkey Lake is about 13,500

acres with about 2500 o 19% being highly ercdible. This
watershed includes the town of Elmira and parts of Stroh,
with the remaining land use being farming. The scutheast
inlet of the lake is the outlet of Rig Turkey Lake and is
abaut 1/2 mile long. The southwest inlet drains mast of the
watershed and has beer extensively dredged creating a large
drainage ditch. This ditch has changed little since the 1938
photograph. Total phosphorus for this inlet averaged 0.26 ppm
and sediments were 0.8 mg/l. Total phosphorus for the
scoutheast inlet was 0.07 ppm.



Mid lake total phosphorus concentrations averaged 0.19 ppm
far Little Turkey. The most freguent complaint of the lake
residents was excessive macrophyte growth, although rna weed
spray proagram had been started. The total phosphorus tests
for BRig Turkey Lake were incomplete.

Both of these lakes show evidence of high eutrophication.
Mid-lake total phosphorus concentrations of Little Turkey
Lake are among some of the highest of the lakes tested in
1988 (0.39 mg/l). Complete data for Big Turkey Lake was
not received, but the total phosphorus cancentration of

Q.88 mg/l at 26 foot was the highest recorded at that
depth.

This data indicates both lakes require immediate atternticowm
for these concentrations of phasphorus can anly stimulate
excessive macraophyte and algae growth forcing the lakes
into a condition of extreme eutraophicaticn.

The southwest inlet on Little Turkey Lake was the only
inlet investigated sufficiently for nutrient inflows to
allow any conclusion to be made. With total phosphorus
cancentrations of 0. 16 and 0.36 mg/l and sediments of 0.8
mg/l, this inlet regquires impravement. Recause other
recammendat ions require additiomnal data, they will be made
whewv the data is available.

AR



Indiana LCS: 1975 Size:

S ————

Class: BIC TURKEY LAKE Max. Depth:
Index: Mean Depth:
LOCATION DATE DEPTH 21 0-pol? No§3 ) po(#) 5. prsk®sEDIMENT
(feet) (mg/1) (mg/l) (mg/1) (mg/1) (feet) (mg/1)
Mid-Lake | 8/22 0.5 0.06 6.0
26 0.88
]
1
I ! i
I 4

1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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Indiana LCS: 1975 Size: 135 Ac.

. '
Class: 2 LITTLE TURKEY LAKE Max. Depth: 30.0
Index: 36 Mean Depth: 11.5'

LOCATION DATE DEPTH ) o-p0(? N0§3) po(®) 5. prsk ®SEDIMENT
(feet) (mg/1) (mg/1) (mg/1) (mg/1l) (feer) (mg/1)
Mid-Lake 8/22 0.5 0.1 3.0
13.0 0.6
0.49
SW Inlet 8/5 0.16 0.02 | ¢« 0.01
10/17 0.36 0.8
SE Inlet 0.07 0.05 0.9
1
1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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EMMA LAKE

Emma Lake is a 42 acre lake located ir the scuthwest part of
LaBGrange County. The lake has a maximum depth of 34 feet and
a mean depth of 16,7 feet.

A 1338 aerial phataograph shows the lake to be undevelaped,
but farm fields are extended down to the shore. Erasicn fram
these fields is apparerntly not a prablem as with other lakes
iri 1938, for the surraunding area is very flat. A small

wet land surrounds the immediate, southerrn shore area of the
lake where twa inlet streams enter the lake.

A 1365 aerial phatograph shows the east shore ta be develcped
with abaut 20 homes. The remainder of the lake has changed
little since 1938. Even the farm fields are the same as in
1938 and they still approcach the lake?s shore. While ather
lakes show some drastic changes from 1938 to 1965, this lake
has changed little( with the exception of the eastern shore).

A 13986 aerial phaotograph shows little change since 1965 with
the exception of the addition of a few homes an the eastern
shore,

The watershed of this lake is its mast promivnent feature.
Thics watershed is abaut 8700 acres and thus is 207 times
larger thaw the lake. Althaough only about 200 acres or &% of
the watershed is classified as highly eradible, the sheex
size of this watershed represents a prablem for the lake.
There are many animal cperations in this watershed and
animals have access to the two inlet streams throughout the
watershed. The farming cperations have naticeably increased
in size since the 1938 and 1965 photographs.

Twa inlet streams drain this scuthern watershed and enter the
lake at the scuthern shore about 100 feet apart. Orthe—
phaosphates for the socuthwesterrn inlet averaged .32 ppm and
for the southeastern inlet 0.43 ppm. Nitrates were about 1.0
for both inlets (average values for two sampling dates). A
single, separate sample was taker for total phosphorus.
Coancentrations were 0.16 ppm for the S.E. inlet and 0.03 ppm

foyr the S.W. inlet. Ortho—phosphates and nitrates were not
tested on these samples.

Total phosphorus for mid-lake samples were 0.27 ppm, and 0.13
ppm. for a sample taken from the cutlet.

The preliminary results on Emma Lake indicate its drift
towards extreme eutraphication are the results of
agricultural practices in the watershed. This does nat
mear, that development in and arcund the lake shore has rot
had ar input, but more data reeds ta be callected to
determirne development’s contribution.

Thus at this paint in time, the only recommendaticn is to
begin improvement of agricultural practices, especially
the handling of animal wastes.



Indiana LCS: 1975 Size: 42 Ac.

Class: 2 Max. Depth: 34.0'
EMMA LAKE
Index: &4 e — Mean Depth: 16.7'
LOCATION DATE DEPTH TP(I) O—PO(Z) N0(3) DO(A) S. DISK(SEEDIMENT

(feet) (mg/1) (mg/1) (mg/l) (mg/1) (feet) (mg/1)

Mid-Lake 8/25 | 0.5 0.12 |

16.5 0.1 ‘

33.0 0.59 |

SE Inlet 8/12 0.62 2.0 i

, 8/15 0.24 il o ._

| 8/18 0.16 |

! |

SW Inlet 8/12 0.03 0.26 0.9 :

8/15 0.38 0.9 ;

|

| |

! |

1 1

| ’

| ‘

|

| |

1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates

3. Nitrates

4. Dissolved Oxygen
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PIGEON LAKE

Pigeon Lake is a 61 acre lake located im the noarth — central
part of LaGrange County. The maximum depth of the lake is 35
feet and the mean depth is 19 feet.

A 1938 aerial photograph shaws the lake to be undeveloped
with na access roads leading to the lake. Approximately 1/3
of the west shore and the entire sauthern shore are
surrounded by wetlands, and this scutherrn wetlard extends at
least five miles scuth of the lake. This wetland was
arigivnally 4000 —4500 acres, but large areas had been drained
and probably was no more than 2000 acres by 1938. Farm
fields extended down to the shore except where wetlands
excluded farmiwng.

By 1365 about 1/4 of the shore had beern develaped with homes.
The remainder of the lake appears much as it was in 1938, but
the sauthern wetland immediately adjacent tca thé lake has
beer drained. Shyrubs and small trees have replaced much of
the wetland grasses found ir 1938, because drainage in the
surrounding area has reduced the water available to the
wetland. The large wetland which extended several miles

south of the lake in 1938 has been drained to just several
hundyred acres.

A 13986 aerial photograph shows few changes on the lake except
the construction of a few homes on vacant lots on the west
share. The wetlarnd immediately saouth of the lake shaws
further vegetative succession with 904 of this wetland
covered with trees and scrubs. The previous vast wetland,
which extended several miles scuth of the lake, has been
further reduced by drainage practices. Large, complex
draimnage ditches have been constructed throughout the wetland
area, and mast of the wetland is rnaw farmland.

The watershed of Pigean Lake is simply huge. The scuthern
watershed is at least 20,000 acres. Because the Pigeon River
enters the lake orn the north shore, the river adds at least
an additiornal 150,000 acres to the lake watershed. Because
of the watershed size, the amount of highly erodible scil in
the watershed could rnat be determined. Lard use in the
watershed is mainly agricultural, but alsa includes the towns
of Mongo, Ontaric, and Howe.

Samples taken at a mid — lake sampling site resulted in a
total phosphoarus cancentraticon of 0.11 ppm.

The only test performed on Pigeon Lake was ane mid—lake
total phaosphorus test, resulting in an average
concentyation of 0.11 mn/l. The only carnclusicon to be made
is this ore test shows the phaospharus concentration ta be
slightly higher than one wauld like toa see. Further tests
may shaow this conclusion must be madified.
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Indiana LCS: 1975 Size: 61 Ac.
Class: 2 Max. Depth: 35.0'
Index: 27 EIGEON LARE Mean Depth: 19.0’
G),
LOCATION oate pepth 2D o0-po'® N0§3) po(4) 5. DISK“’SEDIMENT
(feet) (mg/1) (mg/1) (mg/1) (mg/1) (feet) (mg/1)
! Mid-Lake 8/25 &5 0.05
16.5 0.06
33.0 0.23
h
|
1. Total Phosphorus 5. Secchi Disk

2.
3.
4.

Ortho-Phosphates
Nitrates

Dissolved Oxygen
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CEDAR LAKE

Cedar Lake is located in the north central part of LaGrange
County. The lake covers 120 acres with a maximum depth of 30
feet and a mean depth of 8.5 feet, making this lake the
second mast shallow, majo lake in the county.

A 1938 aerial photograph does not reveal major develoapment an
the lake although it is difficult to tell because of the
extensive woaded area surrounding the shaore. A very large
wetland area, covering hundreds of acres, extends fram the
sautherrn shore of the lake to the Pigeorn River, a distance of
c miles. Other wetland areas surround the remainder of the
lake, but are separated from the lake shore by a high ridge
aof forested lawnd.

A 1965 aerial photograph shows the lake to be extensively
develaoped except far poartions of the southwestern shore and
half of the eastern shore. The wetland on the eastern shore
has been filled and homes have been built on the wetland.
Large areas of the scouthern wetland have been drained for
farm ground, but the wetland clase ta the lake remains.
Several marrow pits have beewn dug S00-600 feet fram the
sacuthern shaore. Much of the wetland bordering the remainder
of the lake alsc remains undrained.

A 198& aerial photograph shows few changes irn the immediate
area of the lake since the 1965 phatagraph. The major change
is the extensive drainage rnetwark canstructed in the sauthern
wetland begivming about 1/2 mile sauth of the lake. Thus the

drairage of this extensive wetland has been intensified sirnce
1965.

The watershed area of the lake is about 1000 acres with about
1153 o 11.5% highly ercodible. Land use is farming, and the
maryrow pit aoperation. The only inlet stream to the lake
drains the southern watershed and ernters the lake an the
sauthern shore. Total phosphorus concentrations averaged 0.01
ppm, as did ortho-phosphates, and nitrates averaged 3.0 ppm
for the inlet stream. Sediments are not a prablem on this
stream, for this stream flaows through the scuthern wetland
before entering the lake

Tetal phosphorus concentrations for mid-lake samples averaged
0.01 mg/l, ortho—phosphates were 0.01 ppm and nitrates were
2.4 ppm. Dissclved oxygen was 5.2 ppm at 20 foot and the
Secchi Disk reading was 6.5 foaat. B diatom bloom was in
praomress when the disk reading was takew, and because of this
the water had a creamy—green calor. Irv addition, the lake
water has a capper concentration of 0.05 ppm which may
account for the green coclor.
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Indiana LCS: 1975 Size: 120 Ac.

Class: 1 CEDAR LAKE Max. Depth: 30.0'
Index: 9 Mean Depth: 8.5
LOCATION DATE DEPTH TP(I) O-PO(Z) N0(3) DO(A) S. DISKKS%EDIMENT

(feet) (mg/1) (mg/l)  (ma/1) (mg/1) (feet)  (mg/1)

Mid-Lake 6/24 0.5 0.01 2.4 7.0 6.5
10 7.2
20 5.2
8/26 .5 0
16.5 0
33 0.03 E
East Inlet 6/24 0.01 3.2 !
8/5 0.01 0.02 2.8
8/12 0.01

1.

Total Phosphorus

2. Ortho-Phosphates
3. Nitrates
4. Dissolved Oxygen
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NORTH ANMD SOUTH TWIN LAKES

North anmd Scouth Twin Lakes are lacated in the morth central
part of LaGrange Caunty. North Twin's cutlet is about 200
feet lang and flows directly into Sauth Twin Lake. North
Twivy is a 135 acre lake with a maximum depth of 20 feet and a
meawn depth of 15.7 feet. South Twin covers a 116 acres and
has a maximum depth of G2 feet and a mean depth of 31 feet.

A 1938 aerial photograph shows both lakes have a few
scattered cottages alang the shore with the remainder of the
share being undevelaped. Ore third of North Twin is
suwrrounded by wetland with the remaining shore area lined
with a narrow band of trees. Wetland areas on Scuth Twin are
confined to the cutlet on the scuthwest part of the lake.
Farm fields extend down to the shore on the rest of South
Twin,

A 1965 aerial photograph shows Novrth Twin to be develaped
except for the wetland areas and about half of the southern
shaore, Scuth Twin is completely developed except for the
wetland area arcund the cutlet, and a small campground has
beern built several hundred feet from the east shore.

A 1986 aerial photograph shaws little difference from the
1965 photaograph, except for the addition of several homes on
lots which were vacant in 1965. The campground on Scuth Twin
has beer expanded to abaut four times the size found irn the
1965 photcograph, but the campground propeyr is aver 1000 feet
from the lake.

The watershed of North Twin is 986 acres with about 40 acres
or 4% being highly eradible. The land use is agricultural.
Avi inlet stream, which criginates at Still Lake,drains this
watershed and enters the lake on the east shore of North

Twin. Total phosphorus for this inlet stream was 0. 01 ppm and
nitrate was 4.2 ppm.

The watershed of Scuth Twin is 435 acres with about 60 acres
o 14% being highly ercdible. The land use of the watershed
is agriculture with the excepticn of the large campground on
the east shore. There are na inlets of any significance on
Sauth Twir except for the Nowth Twin cutlet.

Tactal phosphorus at mid lake for South Twin averaged 0.01
ppm., and dissclved axyger was 3.4 ppm at 27 feet. Secchi
Disk readings were 12.5 feet compared to 8 feet in the 1986
Indiana Lake Classification System.
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Indiana LCS: 1975 Size: 135 Ac.
Class: 1 NORTH TWIN LAKE Max. Depth: 30.0'
Index: 13 Mean Depth: 15.7°
LOCATION DATE DEPTH p (D) 0-p0(? N0§3) po(4) s, p1SK C)SEDIMENT
(feet) (mg/1) (mg/1) (mg/1) (mg/1) (feet) (mg/1)
! |
5 1
Mid-Lake 8/29 3.0 0.02 1.5 5.2 | 12.0
22.0 0.07 1.3 6.3
26.0 0.01 1.5 5.5
30.0 0.01 1.0 1.2
i
| East Inlet 8/5 0.28 4.1 [
8/11 0.01 0.02 4.2

1. Total Phosphorus

2. Ortho-Phosphates

3. Nitrates

4. Dissolved Oxygen

5. Secchi Disk
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Indiana LCS: 1975 Size: 116 Ac.

. Depth: 52.0'
Class: 1 SOUTH TWIN LAKE Max ep ‘
Index: 8 Mean Depth: 31.0

5
LOCATION DATE DEPTH ) o-po(? N0§3) pol®) 5. p1sk®%sEDIMENT
(feet) (mg/1) (mg/l) (mg/1) (mg/1) (feet) (mg/1)
| E
Mid-Lake 8/29 | 3.0 0.01 0.01 1.2 6.8 | 12.5 |
23.0 0.01 0.08 1.3 6.3 | |
27.0 0.01 |20.01 1.3 9.4 i
35.0 0.01 [£0.01 1.3 3.2 |
i
| i
| | 1
i ]
]
o
l |
| |
|
1
|
|
|
i
1. Total Phosphorus 5. Secchi Disk

Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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PRETTY LAKE

Pretty Lake is a 184 acre lake located in the scutheastern
part of LaBGrange County. The water level of the lake has cne
of the highest elevations in the county at 964 feet above
sea level. Pretty Lake has a maximum depth of 84 feet, with
a mean depth of 25.7 feet

A 1938 aerial phoatagraph shows the lake to be develaoped with
abaut 60 cottages. Only about /3 of the western shore is
undeveloped, and this shore area is buffered by narraw,
scattered wetland areas. No other wetlands are visible.

A 1365 aerial photograph shows the lake to be completely
developed with cottages and a trailer court. Only several
hundred of feet of shore liwve remain on the sauthwest side,
and the scattered wetlands have beer filled. Same areas have
cottages several rows deep.

A 1986 aerial photograph shows little change since 1965,
except homes have beern built on the remaining vacant lots.

Pretty Lake has a watershed of about 1800 acres with about
1600 acres or 89% highly ercdible. Aside from the immediate
shore area, the land use in the watershed is agricultural.
A single inlet drainage ditch, which originates ivn a wetland
area north of the lake, enters the lake an the north side.

Recause of the drought in 1988 samples were naot abtairned from
this inlet.

Mid-lake concentrations for total phosphorus averaged 0.05
ppm, and Secchi Disk readings were 9 foot. This compares to
the 1386 Indiana Lake Classification System of 0.08 ppm total
phasphorus and a Secchi Disk reading of 10 fact.
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Indiana LCS: 1975 Size: 184 Ac.

Y . . 1

Class: 1 PRETTY LAKE Max. Depth: 84.0

Index: 25 Mean Depth: 25.7'
LOCATION DATE DEPTH TP(l) O—PO(Z) NO(3) DO(A) S. DISK(S%EDIMENT

(feet)  (mg/1) (mg/1)  (mg/1) (mg/1) (feet)  (mg/1)

| |
Mid-Lake 8/22 0.5 0.03 9.0 l
33.0 0.06 |
66.0 0.06 }
l
|
! ]

!

1. Total Phosphorus 5. Secchi Disk

2. Ortho-Phosphates
3. Nitrates

4. Dissolved Oxygen
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STONE LAKE

Stane Lake is a 152 acre lake in the northwest corner of
LaGrange County and has a maximum depth of 58 feet and a mean
depth of 14.7 feet. The lake is the most narthern lake in a
three lake complex , the second lake being Mud Lake, and the
mast southerr lake called Goose Pand. These twa smaller lakes
are privately awned, and are within 1/2 mile of Stone Lake.

A 1338 aerial photograph shows the shore of Stone Lake to be
about 50-60% developed with cottages. This develapment
ceocurred because a county road, which surrounds the lake,
allowed access ta the lake. The only visible wetland

is a small area surrounding the mcocuth of the inlet stream on
the scuth share. The most ocutstanding feature iv the 1934
phatograph is the areas of extreme erosicon in the watershed
of the lake. Deep gullies are visible in almost every field,
arnd same large fields are eracded over their entirety. One
erasicn area is so large that scil has been washed thraugh a
woads, which borders the field, and the ercsion has begun tao
fill in a wetland area on the other side of the woods.

A 1965 aerial photograph shows additicrnal homes have beer
constructed on the shore of the lake. Because the courty raad
was built alang the shore of the lake, many of these homes
have beern conmstructed back from the lake shore, and the
congestion of homes close to the lake is rnot a prablem as on
ather lakes in the county. The greatest chawnge fyom 1938 is
the increase in forested land iv the watershed, and many of
the eroded farm fields are now woods.

A 1986 aerial photograph shows an increase in housing away
fraom the lake, including small subdivisions and trailer
courts within 1/2 mile of the lake. Few other chanpges are
rcted.,

The watershed of Stone Lake is small, beirng only abcut 950
acres. Abaut B00 acres or 84% is classified as highly
eradible land. Mast of the watershed drains into Goose Pond
and Mud Lake, thus the direct immediate watershed of Storne
Lake is anly about 100 acres.

Samples taken at a mid-lake site indicate minimal
eutrophication of the lake. Ortho-phosphates were 0.02, and
dissalved oxygen concentraticns were good belaw the
thermocline., Secchi Disk readings were 14.5 feet.
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Indiana LCS: 1975 Size: 116 Ac.

- . '

Class: 1 STONE LAKE Max. Depth: 58.0

Index: 2 Mean Depth: 14.7'
LOCATION DATE DEPTH TP 1 0-PO (2) NO (3) DO (4) S. DISK (S)SEDIMENT

(feet) (mg/1) (mg/l)  (m3/1) (wg/1) (feet)  (mg/1)

——— e i e 2 i

Mid-Lake 7/12 5.0 0.01 1.3 6.9 14.5
14.0 6.4
20.0 3.8 i
8/26 0.5 0.03
16.5 0
I
|
|
|
I
1. Total Phosphorus 5. Secchi Disk
2. Ortho-Phosphates
3. Nitrates
4. Dissolved Oxygen
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WALL LAKE

Wall Lake is a 141 acre lake located iw the northeastern part

of LaGrange Courty. The maximum depth of the lake is 34 feet
and the mean depth is 11.6 feet.

A 13328 aerial photaograph shows 13 summer cottages were built
close to the shoare of the lake. Access ta the lake was
pravided by a caunty road which was constructed close to the
north and west shoares of the lake. A large wetland of
gaeveral hundred acres extends sauthward fram the southeast
shore and surrounds the inlet stream entering the lake in
this area. The anly other wetland on the lake is in the area
of a peninsula on the north shore which is the mast
noticeable feature of the lake. Agricultural fields have
beern extended down ta the shore on the scuth side of the

lake, and several areas of scil erosion are visible ivm these
fields.

A 1965 aerial photograph shows the lake to be campletely
surraounded with homes except for the west shore,which is a
Bay Scout camp. Even the peninsula, which was wetlarnd in the
13328 phaotograph, bhas been develaoped, and a subdivisian,
estimated to be about S50 acres, has been develaped on the
east side of the lake. A large channel has been dug on the
scutheast shore, and homes have been built on what was oance
wetland. Channels have also been dug in the peninsula to
facilitate drainage.

In a 1986 aerial phatagraph, the lake shore area has changed
little fram the 1965 phatagraph, except for the additicorn of
several homes onn vacant lots. Thus develaopmert of the lake
was completed by 19365.

The watershed of the lake is about 1000 acres, and except the
area immediately surrcunding the lake, the land use is
agpricultural. Appraximately 75 acres or 7.5% of the
watershed is classified as highly ercdible. The anly inlet
to the lake draivis the sauthern watershed, and this inlet
ariginates from a large wetland area. Samples were not taken
fram this inlet because of the summer drought.

Samples obtained from a mid - lake sampling site indicate the
water quality to be good. Total phosphorus averaged 0.03

PPm. , thus indicating the lake to be one of the better lakes
in the caurnty.
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Indiana LCS: 1975 Size: 141 Ac.
Class: 1 Max. Depth: 34.0°
Index: 13 M Mean Depth: 11 .0'
5 .
LOCATION DATE DEPTH TP(I) 0—P0(2) N0§3) DO(Z‘) S. DISK( )SEDIMEI\T
(feet) (mg/1) (mg/1) (mg/1) (mg/l) (feet) (mg/1)
; i
1 : :
Mid-Lake 8/24 0.5 0.01 !
16.5 0.03 i
33.0 0.06 1
' | | ':
| | | 1 1 '.
i | |
| ;
| !
\
l !
] i
I i
l §
1 (]
| :
] |
i :
] '
i :
| i
] i
1. Total Phosphorus 5. Secchi Disk
2. Ortho-Phosphates
3. Nitrates
4. Dissolved Oxygen
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