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OLIVER, OLIN, AND MARTIN LAKES DIAGNOSTIC STUDY
LAGRANGE COUNTY INDIANA

EXECUTIVE SUMMARY

Oliver, Olin, and Martin lakes are 391.9-acre, 101.4-acre, and 25.6-acre (158.6-ha, 41-ha, and
10.4-ha), natural lakes that lie in the southeast portion of LaGrange County, Indiana within the
Oliver Lake-Little Elkhart Creek watershed (HUC 040500011506). Together, the lakes create
the Oliver, Olin, and Martin (OOM) lakes watershed, which stretches out to the north and east of
the lakes, encompassing approximately 6,856 acres (2,774.6 ha or 10.7 square miles). Water
flows from Martin Lake to Olin Lake and into Oliver Lake before discharging out of Oliver Lake’s
outlet in the southwest corner. Most of the OOM lakes watershed (~64%) is utilized for row-
crop agricultural while approximately 16% of the watershed is utilized for hay or pasture. The
remaining 20% of the watershed is divided among remnants of natural landscapes (~7%)
composed of wetlands and forested areas, and residential and commercial developments
(~4%). Open water including Oliver, Olin, and Martin lakes covers approximately 7% of the
entire watershed.

Water quality parameters and biotic metrics were assessed at four stream locations throughout
the watershed. In general, the biological condition of the streams in the OOM lakes watershed
is poor with the macroinvertebrate community being classified either “Impaired” or “Slightly
Impaired” and the stream habitat being classified in the three of the four sites as “Non-
supporting of aquatic life”. Turbidity, stream temperature, and total suspended solids measured
during the study were within normal levels for northern Indiana streams and not at levels that
would significantly affect aquatic organisms. Nutrient levels such as nitrogen-nitrate, nitrogen-
ammonia, and total phosphorus were, in general, elevated during storm flows. Dove Creek in
the Oliver Lake watershed and an unnamed tributary in the Martin Lake watershed contribute
the highest amounts of sediment and nutrient loading to the lakes. E.coli levels were at or
above Indiana state standards a minimum of once during the sampling period at each of the four
stream sampling sites.

Oliver, Olin, and Matrtin lakes contain good water quality. Historical data for the lakes suggest
that water quality has remained relatively stable over the past 30 years. The lakes possess
generally better water clarity and lower nutrient levels than most Indiana lakes. Evaluating the
lakes using various trophic state indices suggest the lakes are primarily mesotrophic in nature.
Internal loading of phosphorus through its release from the sediments in Oliver and Olin lakes
represents a potential for each lake to increase the productivity over time. During the summer
aguatic vegetation assessment, northeastern bladderwort, a species thought to be extirpated
from Indiana, was observed.

Continued good water quality in Oliver, Olin, and Martin lakes will require both in-lake and
watershed management. Oliver and Olin lakes possess hydraulic residence times of 1.9 and
1.1 years, respectively, while Martin Lake has a hydraulic residence time of 0.3 years. Attention
to watershed and near shore practices prior to addressing in-lake processes is necessary.
Stream sampling and phosphorus modeling indicate the row-crop agriculture within the each
lake’s watershed contributes the largest single external source of phosphorus. Good watershed
management is necessary to protect the OOM lakes’ water quality.

Recommended watershed management techniques include: replacement or repair of several
failed existing sediment control structures and grassed waterways, stream and drainage
stabilization, wetland restoration, stormwater filtration, and agricultural best management
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practices (BMPs). Within the lakes themselves, stakeholders are encouraged to develop an
aguatic plant management plan to provide a framework to manage invasive exotic species
present in the lake and protect the native plant community. Also, the implementation of BMPs
such as using Phosphorus free fertilizers, not mowing lawns to the waterline, utilizing rain
gardens or rain barrels for increased water detention and naturalizing existing concrete seawalls
are recommended to lake residents.

ACKNOWLEDGMENTS

The Oliver, Olin and Martin lakes Diagnostic Study was made possible with funding from the
Indiana Department of Natural Resources (IDNR) Division of Fish and Wildlife, Lake and River
Enhancement Program (LARE), and the Oliver and Martin Lakes Conservation and
Improvement Association (OMLCIA). The Oliver, Olin, and Martin lakes Diagnostic Study was
completed by JFNew and their subcontractor, Indiana University School of Public and
Environmental Affairs. Contributors to this study included the IDNR Division of Division of Fish
and Wildlife and the IDNR Division of Nature Preserves. Special thanks to the dedicated
members of the OMLCIA for their initiative and assistance in getting this study completed.
OMLCIA members who participated in the study included: Lynn Bowen, who served as the
primary liaison between JFNew and the OMLCIA; provided JFNew with directions and
information during the watershed tour; Fred Leiter who navigated us around the lake during the
rooted plant survey; Buck Toenges, who provided useful historical fishery information. Authors
of this report included William Jones and Thomas Parr at Indiana University. The primary
author at JFNew was Mark Pranckus with contributions from Betsy Ewoldt, Karen Quinlan, Holly
Jones, Sara Peel, Tom Estrem, and John Richardson.

File #070874.00 Page ii



Oliver, Olin and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

TABLE OF CONTENTS

PAGE
IO I [ g0 Yo 18T 1T o TR 1
A R AY = (=T 6] g L=To [ O 1 F= T = Toa (=] 1) (o T 4
2.1 Topography and PhysiCal SettiNg ..........ccoiiiiiiiiiiiiiis e e e e e e e e eeenees 4
D2 O 110 = | (R 10
Rl ©1=To] (o |V PP PP PP PPPPR PP 11
2 o | £ 12
2.5 NATUFAL HISTOIY ...uviiiiiiiiiiiiiiiiiiiiii e s e s e e e e e e e e s e e e enannnrnnnes 19
A T - Y 4 (o B0 =TT 20
A AT L= 1 = T o £ 23
2.8 Natural Communities and Endangered, Threatened, and Rare SpecCiesS...........ccccvvvvvveeennnn. 27
S I o T TS 10 [0 [T 29
OIS ((=Te U I AN STST=TT ] 1 11T L 30
3.1 Stream ASSESSMENTt INTFOAUCTION .......uvuiiiiii e e e e s e e e e e eeeees 30
3.2 Stream ASSESSMENT METNOUS ......uiii it e e e et e e st e et e e st s e et s asanees 32
3.3 Stream Assessment ReSUltS and DISCUSSION ........ocieueeiiiiiiiiieieieeeeeeee e e e e e e e e eeeas 39
4.0 LAKE ASSESSIMENL ... cceutiiitiiit et e et ettt e et e et eea e e st e e et e e eaa s e st s s aaa s e saa e eaa e e sa s rabnrrrrn e rananaas 57
4 VT o] o] [ T | 2P 57
4.2 ShOreling DEVEIOPIMENT. .. ..uuuiiiiiiiii e nnne 63
4.3 Historical Water QUAIILY ...........ueeeiiieeiiiiiiiiiie et e e e e e e e s s e e e e e e e e eeeees 66
4.4 Lake Water QUality ASSESSIMENT......uuiiiiieiiiiiiiiii e e e eeee et e e e e e e e s e e e e s eeaeear e e e eeeeeerrnnnns 83
LR\ = Tor o] o] 0}V (=T 1 AVZ=T ) (o] oV 105
R TS U (L= 129
A -1 (ST U £ < 131
O\ [oTo [= 11 oo PSP P PP PPPP TP 132
5.1 WALET BUAGET ...ttt e et e e e e e e et e et e e e e e e e e e eeas 132
LI o aToFs] o] Lo (U T3 =10 T [ =3 137
(OO Y E=T g E=To =T 0 1 T=T oL TP 141
6.1 Public Outreach During the DiagnOStiC StUAY ...........ccviiiiiiiiiiiiiiiieeee e 142
6.2 Historic Watershed ManagemeNt..............uuuuuuuuruuurririirerrernrierrrrrrrrr————————————————————. 142
6.3 Watershed ManagEMENT. .........uii it e e e e et e e e e e s s r e e e e e e e e e nnnnneees 143
6.4 IN-Lake MaANAGEIMENT ........uiiiiiiiie ettt e e e e e e e e r e e e e e e e s e annnnneees 152
7.0 RECOMMENUALIONS ....ovniii ittt e et e e et e e e e e e e e e et e e e e et e e s eaba e e s eabaneeaens 170
I O I (=T =1 0 (=T O | (=T [ 173

File #070874.00 Page iii



Oliver, Olin and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.

Figure 16.
Figure 17.

Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.

Figure 31.

TABLE OF FIGURES

PAGE
General location of the Oliver, Olin, and Martin lakes watershed..................ccvuveee. 1
Oliver, Olin, and Martin 1akes WatersShed..........covevviiiiiiie e 2
Individual lake watersheds for the Oliver, Olin, and Martin lakes watershed ........... 3
Topographical map of the Oliver Lake watershed............cccccoovviiiiiiiiiiin e, 5
Oliver Lake SUDWALEISNEAS .........uviiiiiiiiiiiiiiie e 6
Olin Lake subWatersheds ...........ooi i ee e 8
Martin Lake SUDWALEISNEAS ..........oiiiiiiiiiiiiiiiiiiiiiiiei it 9
Soil associations in the Oliver, Olin, and Martin lakes watershed .......................... 13
Highly erodible and potentially highly erodible soils within the Oliver, Olin, and
Martin [akes WaterShed .............oo it eeeenees 15
Soil septic tank suitability within the Oliver, Olin, and Martin lakes watershed....... 18
Land use in the Oliver, Olin, and Martin lakes watershed..........c..ccccccvvvvvvieviiennnnn. 22
National wetland inventory wetlands in the Oliver, Olin, and Martin lakes
L2 =] 6] 1= o [P PP PRI 24
Hydric soils in the Oliver, Olin, and Martin lakes watershed .............ccccccvvvevvvennnn. 26
FEMA map indicating areas within the one-percent flooding zone ..............ccco...... 27
Location of the Olin Lake Nature Preserve and other IDNR preserves in the
WALEISNEA ..o e e et e e e e e e 29
Stream Sampling IOCALIONS ........uuviiiiiieiii e 31
Discharge measurements during base flow and storm flow sampling of
Oliver, Olin, and Martin 1akes iNlet StrEAMS ........vvvee et eeans 40
Water temperatures measured at Oliver, Olin, and Martin lakes stream
sampling sites during storm flow and base flow conditions............ccccccceeeiiin e, 41
Total suspended solids measured at Oliver, Olin, and Martin lakes stream
sampling sites during storm flow and base flow conditions.....................ooeeee e, 42
Nitrate concentrations at Oliver, Olin, and Martin lakes stream sampling sites
during storm flow and base flow conditions...........ccccoooeiiiiiiiiiii e 44
Ammonia concentrations at Oliver, Olin, and Martin lakes stream sampling
sites during storm flow and base flow conditions .............ccccevviiiiiiiiiiiiee 44
Total Kjeldahl nitrogren concentrations measured at Oliver, Olin, and Martin
lakes stream sampling sites during storm flow and base flow conditions............... 45
Total phosphorus concentrations measured at Oliver, Olin, and Martin
lakes stream sampling sites during storm flow and base flow conditions............... 46
E.coli concentrations measured at Oliver, Olin, and Martin lakes stream
sampling sites during storm flow and base flow conditions....................coeeee oo, 47
Nitrate loads in the Oliver, Olin, and Martin lakes streams as sampled
during storm flow and base flow conditions............cccoooeiiiiiiiiiii e 48
Ammonia loads in the Oliver, Olin, and Martin lakes streams as sampled
during storm flow and base flow CONditioNS............coooiiiiiiiiiiiiiic e 49
Total Kjeldahl nitrogen loads in the Oliver, Olin, and Martin lakes streams
as sampled during storm flow and base flow conditions ..., 49
Soluble reactive phosphorus loads in the Oliver, Olin, and Martin lakes
streams as sampled during storm flow and base flow conditions ......................... 50
Total phosphorus loads in the Oliver, Olin, and Matrtin lakes streams
as sampled during storm flow and base flow conditions ..........ccccooeeveieiiieiie e, 50
Total suspended solids loads in the Oliver, Olin, and Martin lakes streams
as sampled during storm flow and base flow conditions............................ 51
Burt Hart Ditch, stream sampling SIt€ 2 ........coiiii i 53

File #070874.00 Page iv



Oliver, Olin and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Figure 32.
Figure 33.
Figure 34.

Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.

Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.

Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.

Figure 66.
Figure 67.
Figure 68.
Figure 69.

Figure 70.

Page
Burt Hart Ditch at SAmPliNg SIte ......oeveiiiiiiiiiiiiiiiiiii ettt eeeeveeeeeeeneeeeeeeeeees 54
Site 4 - Unnamed Tributary at manmade POO0I ...........eevvveviviiiiiiieeiiieeeeeeeeeeeeeeeeeeeee 55
Site 4 - Unnamed Tributary looking downstream with researcher at
o= 1] 0] 1 o S = 55
Oliver Lake bathymetric Map.......coooeeeeiiii i, 58
Depth-area curve for OlIVEr LaKE ...........eevvviiieiiiiiiiiiiiieviieiiissivevveesveesvessveesnenennennnnn 59
Depth-volume curve for OlIVer Lake...........coeviiiiiiiiiiiiiiiieeeeeeeeee e 59
Olin and Martin Lakes bathymetric map..........cccccooeeiii 60
Depth-area curve for OliN LaKe .........ccuuviiiiiiiieiiiieecee e 61
Depth-volume curve for Olin LaKe............uuiiiiiiiiiiiiiieeeeee e 61
Depth-area curve for Martin Lake.........ccovvvuuiiiiiii e 62
Depth-volume curve for Martin Lake ..............uvuviiiiiiiiiiiiiiiiiiiiiiiiiisiieeseeeeneenenennnnnn, 63
Shoreline development survey results from October 2008 ............cccccvveeeiieinnnnnnnes 64
Example of the existing natural shoreline along Oliver Lake............cccooooevvvvvnnnnnnnn. 65
Example of the existing modified shoreline along Oliver Lake............ccccccvevvveee.ee. 65
Example of the existing modified natural shoreline along Oliver Lake.................... 66
Historic Secchi disk transparency data for Oliver Lake ...........cccccvvveeiiiiiiiiiienneenn. 69
Secchi disk transparency trends in Oliver Lake from 1993 to 2007 for the
months of June through September............ e 69
Historic total phosphorus concentrations measured in Oliver Lake ....................... 70
Historical temperature profiles for Oliver Lake ...........c.cvoeeiiiiiiiiiiii e, 71
Historical dissolved oxygen profiles for Oliver Lake ..............cccccvvvvvviiiiiiiiiieiieen, 72
Historic Secchi disk transparency data for Olin Lake ............cccvveeeiieiiiiiiiiiiiienneen. 75
Secchi disk transparency trends in Olin Lake from 1993 to 2007 for the
months of June through SEPtEMDBEr ..........oovviiiiiiiiiieeeeeeee e 75
Historic total phosphorus concentrations measured in Olin Lake .............ccccccee.... 76
Historical temperature profiles for Olin Lake ..........cccevveiiiiiiiiiiie, 77
Historical dissolved oxygen profiles for Olin Lake ..........ccccoovviiiiiiiiiiiiiee e, 78
Historic Secchi disk transparency data for Martin Lake ...........cccccceeeeiviiiiiiiiiennenn. 80
Historic total phosphorus concentrations measured in Martin Lake....................... 81
Historical temperature profiles for Martin Lake..........ccccccoeei i, 82
Historical dissolved oxygen profiles for Martin Lake ................ccccccevvvviiiinn, 83
Temperature and dissolved oxygen profiles for Oliver Lake on 7/23/2008 ............ 88
Temperature and dissolved oxygen profiles for Olin Lake on 7/23/2008 ............... 92
Temperature and dissolved oxygen profiles for Martin Lake on 7/23/2008............ 96
Carlson’s Trophic State Index with Olin, Oliver, and Martin lakes indicated ........ 104
Northeastern bladderwort locations identified within Oliver, Olin, and Martin
lakes during the August 6, 2008 aSSESSMENTS........ccevveviiiiiiiie e e e e 109
Dense curly-leaf pondweed and Eurasian watermilfoil locations identified
within Oliver, Olin, and Martin Lakes during the 2008 assessments.................... 110
Locations sampled during the Oliver, Olin, and Martin Lakes Tier Il
survey which occurred on May 29, 2008..........ccooeeiiiiiiiii 114
Eurasian watermilfoil locations in Oliver, Olin, and Martin Lakes as sampled
during the Tier Il surveys which occurred on May 29, 2008.............cccooeeeeeeeeeennn. 115
Curly-leaf pondweed locations in Oliver, Olin, and Martin Lakes as sampled
during the Tier Il surveys which occurred on May 29, 2008..............ccoeeeeeeeeeeennn. 116
Locations sampled during the Oliver, Olin, and Martin Lakes summer Tier Il
survey which occurred on August 6, 2008 ............ccoiiiiiriiieiiiii e e 120

File #070874.00 Page v



Oliver, Olin and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.
Figure 79.
Figure 80.
Figure 81.

Figure 82.
Figure 83.

Figure 84.

Figure 85.
Figure 86.
Figure 87.

Figure 88.

Figure 89.

Figure 90.

Figure 91.

Figure 92.

Figure 93.

Figure 94.

Page
Eurasian watermilfoil locations in Oliver, Olin, and Martin Lakes as sampled
during the summer Tier Il survey which occurred on August 6, 2008 .................. 121
Example of Eurasian watermilfoil (Myriophyllum spicatum) ..........ccccccoevvviiiiinnnnn. 127
Example of Curly-leaf pondweed (Potamogeton CriSPUS) ...........eeeeveeeveeeieeenieennnns 127
Example of Purple loosestrife (Lythrum salicaria) ...............evvvvvevvivriieniinniiieninnnn, 127
Example of Reed canary grass (Phalaris arundinacea) ............cccccvvvvvvvvvvvnnninnnnnn. 127
Perceived problems from Oliver, Olin, and Martin lake USErs ........ccccccvvvvvvvveeneee. 132
Water Budget Flow Chart for the Olin, Oliver and Martin Watershed................... 137
Phosphorus loadings to Olin, Oliver and Martin lakes compared to acceptable
loadings determined from Vollenweider's model.............ccccccieiiiiiiiiiiiiieeeees 141
Areas in the Oliver, Olin, and Martin lakes watershed that would benefit
from watershed management technique installation........................................... 143
Grass species suggested for shoreline planting along Oliver and
MAFTIN TAKES ... 150
Some forbs species suggested for shoreline planting along Oliver
AN MaItiN TAKES ... 150
Example of Oliver Lake’s rooted plant COMMUNILY .........cccooviiiiiiiiiiiieeennniiiiieee. 153
Example of the density of Eurasian watermilfoil along the shoreline
OF MAIIN LaKE.. oo 154
Example of an aquatic weed cutter designed to cut emergent weeds along
the edge Of PONAS......cooiiii e e e e e e e eaeans 157
Locations where aquatic macrophytes are often found on boats and trailers ...... 159
Aerial view of the seven sites sampled during the sediment survey .................... 161
Distribution of sediment survey sampling points with corresponding water
and sediment depths at Site 1. Raw data can be found in Appendix I................ 161
Shoreline erosion occurring at Site 2 on the west side of Oliver Lake ................. 163

Distribution of sediment survey sampling points with corresponding water and
sediment depths at Site 2 where shoreline erosion is occurring on the west

shore of Oliver Lake. Raw data can be found in AppendiX | ..........ccccvvvvveeeernnnnns 164
Distribution of sediment survey sampling points with corresponding water and
sediment depths in the channel connecting Olin and Oliver Lake Site 3.

Raw data can be found in APPeNndiX l...........uueiiiiiiiiiiiiiiiiiiiiiiieiieriiereereeree. 165
Distribution of sediment survey sampling points with corresponding water and
sediment depths at unnamed tributary to Oliver Lake, Site 4. Raw data

can be found in AppendiX |.......cooooiiiii 166
Distribution of sediment survey sampling points with corresponding water and
sediment depths at inlet to Olin Lake Site 5. Raw data can be found in

Y o] o= o | PP 167
Distribution of sediment survey sampling points with corresponding water and
sediment depths at Martin Lake Site 6. Raw data can be found in

Y o] 1= o | 1 PR 168
Aerial view of Site 7 at Martin Lake showing sampling points and

corresponding water and sediment depths. Raw data can be found in

APPENIX | e e e 169

File #070874.00 Page vi



Oliver, Olin and Martin lakes Diagnostic Study

LaGrange County, Indiana

TABLE OF TABLES

October 16, 2009

PAGE

Table 1. Watershed and subwatershed sizes for the Oliver Lake watershed ................cc.uue... 6
Table 2. Watershed and subwatershed sizes for the Olin Lake watershed .............ccccccceennnnn. 8
Table 3. Watershed and subwatershed sizes for the Martin Lake watershed......................... 10
Table 4. Monthly rainfall data (in inches) for year 2008 as compared to average

nToT a1 L a1 YA = V] o] = | PP 11
Table 5.  Highly erodible and potentially highly erodible soil units in the Oliver, Olin,

and Martin 1akes WAaterSNEM ............uueuueiii 15
Table 6. Soil types in the Oliver Lake watershed and the features restrictive to their

suitability to serve as a septic tank absorption field ............ccccooviiiiiiiiiiiiiiiiis 19
Table 7. Detailed land use in the Oliver Lake watershed............ccccccueeimmiiiiiiiiienns 21
Table 8. Detailed land use in the Olin Lake watershed..............cueuuiveiiiiiiiiiiiiiiiiiees 23
Table 9. Detailed land use in the Martin Lake watershed ............ccccccvviviiiiiiiiniiniiiieenns 23
Table 10. Acreage and classification of wetland habitat in the Oliver, Olin, and Martin

[AKES WALEISNEM ....eeiiiiieiii e e e er e e e as 25
Table 11. List of prior studies conducted within the OOM chain ...........ccccccvviiiiiiiiiiiiiiiii, 30
Table 12. Location of stream SamMPIING SItES .......ccoviiiiiiiiiiiie e 32
Table 13. Benthic Macroinvertebrate Scoring Criteria Used by IDEM .........cccccoviiiiiiniinnnnnnn, 38
Table 14. Physical characteristics of the Oliver, Olin, and Martin lakes watershed stream

samplings on 7/09/08 (storm flow) and 7/23/08 (base flow)..........cccccceevviiiiiiiinnnnenn. 40
Table 15. Chemical and bacterial characteristics of the Oliver, Olin, and Martin lakes

watershed stream samplings on 7/09/08 (storm flow) and 7/23/08 (base flow) ........ 43
Table 16. Chemical and sediment load characteristics of the Oliver, Olin, and Martin lakes

watershed streams on July 9, 2008 (storm flow) and July 23, 2008 (base flow)...... 48
Table 17. Classification Scores and mIBI Score for each sampling site directly entering

Oliver, Olin, and Martin lakes watershed, 7/23/08..........cccccoiieiiiiiiiiiieeeeeee e 52
Table 18. QHEI Scores for the Oliver, Olin, and Martin lakes stream sampling

SILES, O7/23/08 ...ttt e e e e e e e e e e e e e e e e reeaeeeaaaan 52
Table 19. Lake characteristics for OlIVEr LaKe ........coiviiiiiiiiiiiiiii et 58
Table 20. Lake characteristics fOr Olin LAKE ............uuuiieee e 60
Table 21. Lake characteristics for Martin Lake..........cccooooioiee e 62
Table 22. Summary of historic data for OliVEr LaKe ..............uuuueiiiiiiiiiiiiaes 67
Table 23. Median and average transparencies measured in Oliver Lake from 1972 to

20 SO RURR P 68
Table 24. Summary of historic data for Olin LaKe ..............uuuuiiiiiiiiiiiiiiiiiiiiinnnns 73
Table 25. Median and average transparencies measured in Olin Lake from 1972 to

20 SO UEERR PP 74
Table 26. Summary of historic data for Martin Lake.............cccccoiii i 79
Table 27. Median and average transparencies measured in Martin Lake from 1972 to

220 SO SERRP 80
Table 28. Water Quality Characteristics of Oliver Lake, 7/23/2008..........ccccooevveviiiiiiniieeeeeeennns 87
Table 29. Oliver Lake plankton sample representing the species assemblage on

TI2BI2008 ...ttt e e e e e e aa e e e e e ———aaaaaaaaanaraaaes 90
Table 30. Water Quality Characteristics of Olin Lake, 7/23/2008...............uuuuriimmimmeiimiinnnninnnnnnns 91
Table 31. Olin Lake plankton sample representing the species assemblage on

TI2BI2008 ...ttt a e e e et e e e e e e ——aaaaea e e rraaes 94
Table 32. Water Quality Characteristics of Martin Lake, 7/23/2008 .............ccuemiiinniiinniinnnnnns 95
Table 33. Martin Lake plankton sample representing the species assemblage on

TI23I2008 ...ttt e et a e e e e e e 98
File #070874.00 Page vii



Oliver, Olin and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Table 34.
Table 35.
Table 36.
Table 37.
Table 38.
Table 39.
Table 40.

Table 41.
Table 42.

Table 43.
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.
Table 49.
Table 50.

Table 51.

Table 52.

Table 53.
Table 54.
Table 55.
Table 56.
Table 57.

Table 58.
Table 59.
Table 60.
Table 61.
Table 62.

Table 63.

PAGE
Mean values of some water quality parameters and their relationship to
lake production. (after Vollenweider, 1975).......cccovvviiiiiiiiiiiiiieiiieieeeeeeeeeeeeeeeeeeeeeeeeea 99
Summary of arithmetic mean total phosphorus, total nitrogen, Secchi disk
transparency, and Chlorophyll a results for Oliver, Olin, and Martin lakes.............. 100
Water Quality Characteristics of 456 Indiana Lakes Sampled From 1994 through
2004 by the Indiana Clean Lakes Program ............ccccvvevvvevvieiiiiiiniiiiiieniinn. 100
Comparison Factors* of Median for All Indiana Lakes over Olin, Oliver, and
Martin lakes for Selected Water Parameters..........ccccoovviiiiiiieeeeiee e 100
The Indiana Trophic State INAEX ..........coiiiiiiiiiiiii e 101
Olin, Oliver, and Martin lakes: Historic Indiana Trophic State Index ....................... 103
Tier Il sampling strategy for the Oliver, Olin, and Martin Lakes using the 2007
TIier HProtoCol ... 108
Survey schedule oOf TIEr Il SUNVEYS ..ot 108
Aquatic plant species observed in Oliver Lake during the spring and summer
surveys completed May 29 and August 6, 2008 ............coooeeeiiiiiii e, 111
Aquatic plant species observed in Olin Lake during the spring and summer
surveys completed May 29 and August 6, 2008 ..............eeuurrrimeimmemmmiemieeeiienrennnn. 112
Aquatic plant species observed in Martin Lake during the spring and summer
surveys completed May 29 and August 6, 2008 ..............ceuuuiviiimiiimiiiiiienii. 113
Oliver Lake spring Tier Il survey metrics and data as collected May 29, 2008 ....... 117
Olin Lake spring Tier Il survey metrics and data as collected May 29, 2008 .......... 118

Martin Lake spring Tier Il survey metrics and data as collected May 29, 2008....... 119
Oliver Lake summer Tier Il survey metrics and data as collected

AUQGUSE B, 2008 .....coeeiiiiiiieiieee e e et e e e e e e s e e e e e e e e e et e e e e e e e e a i rrrraeaaeeeaans 122
Olin Lake summer Tier Il survey metrics and data as collected

AUGUSTE B, 2008 ...ttt e e e et et e e e e e e e et tra e e e e e eeraea s 123
Martin Lake summer Tier Il survey metrics and data as collected

AUQGUSE B, 2008 ...t e e eetee et e e e e e e e st e e e e e e e e e et e e e e e e e e annnrrrrraeaaeeeaans 124

A comparison of the aquatic plant communities in Oliver, Olin, and Martin lakes

to the average values for plant community metrics found by Pearson (2004)

in his survey of 21 northern Indiana [aKeS...........coovviiiiiiiiie i, 125
Variation in site frequency and dominance of Eurasian watermilfoil and

curly-leaf pondweed within Oliver, Olin, and Martin Lakes during all

BSSESSIMEINLS ....eiiiiii i eeett e e et e e e eet e e e eet e e e eet e e eeaaa e e terna e e eernn e aaerr e aeerr e aeenraaaae 126
Water Budget Calculations for Olin Lake ..............cccc 133
Water Budget Calculations for Oliver LaKe ...t 134
Water Budget Calculations for Martin Lake ... 135
Water Budget Summaries for Olin, Oliver, and Martin lakes.........cccccccoevvieeviieinnnnnn. 136
Phosphorus Export Coefficients (units are kg/hectare except the septic

category, Which are KQ/Capita-yI) ........cooocuuriiiieeieeeeiiie e 138
Estimated External Phosphorus Loads (kg/yr) from Various Sources .................... 138
Areal Phosphorus Loading Rates Determined from Models ..................ccc. 139
Little Evidence of Internal Phosphorus Loading in Martin Lake .............cccccceeeeennnns 140
Phosphorus Reduction Required to Achieve Acceptable Phosphorus

Loading Rate and a Mean Lake Concentration of 0.03 mg/L........ccccccceevvieevvennnnnnnn. 140
Results of the Oliver, Olin, and Martin lakes watershed tour conducted

APHIL A, 2008 ...ttt e e e e e e e a e e e e e e e e —raaeeeeeaannrrrraaeaaeeeaans 144
Average water and sediment depth for each site sampled during the sediment
SUIV Y ettt ettt ettt ettt e e ettt e e e et e e e e et e e e e et e e e et bt e e et b e e et e a e et e eh et e e e e e erb e e eeres 170

File #070874.00 Page viii



Oliver, Olin and Martin lakes Diagnostic Study October 16, 2009

LaGrange County, Indiana

TABLE OF APPENDICES
Appendix A. Endangered, threatened, and rare species list
Appendix B. QHEI and macroinvertebrate data
Appendix C. Volunteer lake water quality monitoring data
Appendix D. Tier Il aguatic plant survey data from spring and summer assessments
Appendix E. Fish species
Appendix F. 2008 lake use survey
Appendix G. 2008 watershed tour summary and results
Appendix H. Potential shoreline buffer species
Appendix I. Sediment sampling data

Appendix J. Potential funding sources

File #070874.00 Page ix






Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

1.0 INTRODUCTION

Oliver, Olin, and Martin lakes are 391.9-acre, 101.4-acre, and 25.6-acre (158.6-ha, 41-ha, and
10.4-ha), respectively, natural lakes that lie in the southeast portion of LaGrange County,
Indiana (Figure 1). Specifically, the lakes are located in Sections 17, 18, 19, 20, and 21 of
Township 36 North, Range 10 East in LaGrange County. Together, the lakes create the Oliver,
Olin, and Martin (OOM) lakes watershed, which stretches out to the north and east of the lakes,
encompassing approximately 6,856 acres (2,774.6 ha or 10.7 square miles; Figure 2). Water
flows from Martin Lake to Olin Lake and into Oliver Lake before discharging out of Oliver Lake’s
outlet in the southwest corner (Figure 3). Water from Oliver Lake’s outlet flows southwest into
Hackenburg and Messick lakes. Water from Messick Lake discharges into the North Branch of
the Elkhart River, which flows south and west to the Elkhart River. The Elkhart River flows
northwest and discharges into the St. Joseph River in Elkhart, Indiana and eventually
discharges into Lake Michigan at St. Joseph/Benton Harbor.

PROJECT
LOCATION

Figure 1. General location of the Oliver, Olin, and Martin lakes watershed.
Source: DeLorme, 1998.

File No.070874.00 Page 1



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Figure 2. Oliver, Olin, and Martin lakes watershed.
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Figure 3. Individual lake watersheds for the Oliver, Olin, and Martin lakes watershed.

Oliver, Olin, and Martin lakes have historically exhibited good water quality and are considered
one of Indiana’s least developed lake chains. In fact, Olin Lake is the largest lake in Indiana to
be undeveloped. This lack of development has help maintain good water quality and preserve
the natural beauty of the lakes. Historical records from the past 35 years show that OOM chain
Secchi disk transparencies (a measure of water clarity) have been consistently greater than 9 or
10 feet (2.7 m and 3.0 m) compared to a regional median of less than 6.9 feet (2.1 m).
Additionally, nutrient levels have remained relatively low over the past 35 years in the OOM
chain. Total phosphorous (often the limiting nutrient for overall productivity) concentrations in
OOM are below the state wide median value. Primary productivity of the lakes (algae and plant
growth) has been low as well. Chlorophyll a concentrations (an indicator of algae production) in
the OOM chain have never exceeded the state median value except during three sampling
events at Martin Lake.

The combination of low nutrient levels and overall morphology of the three lakes limit the
potential for the establishment and flourishing of aquatic plant communities in the OOM chain. In
general, the area within the lakes able to support a rooted plant community is between one-
fourth and one-third the total area of each lake. The aquatic plant community that exists within
the OOM chain is more diverse than most other lakes in the lakes in the region. (There was the
recent discovery of a plant species once thought to be extirpated from Indiana waters). The
physical and chemical characteristics of the lakes are also central in determining the fish
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community. The fish community in the OOM chain is unigue to most other fish communities in
Indiana because it is managed for coldwater species. Warmwater species such as bluegill and
largemouth bass are present in the chain, but due to a lack of suitable habitat are only present
in a limited abundance. Brown trout, a coldwater species, is currently stocked annually in the
OOM chain. Trout do not naturally exist in the OOM chain or exhibit natural reproduction;
therefore, trout populations are maintained through stocking efforts. Cisco, a member of the
Salmonidae (Salmon) family, once abundant in the OOM chain is thought to be extirpated from
the fishery. In fact, Martin Lake and Olin Lake historically contained some of the most abundant
populations of cisco in the state of Indiana as reported by Gulish (1975). Not unique to the OOM
chain, the loss of cisco populations throughout Indiana has been a concern. Lose of suitable
habitat due to eutrophication is often associated with this trend. Historical dissolved oxygen
(D.O) and temperature profiles in Oliver, Olin, and Martin Lakes have consistently provided
suitable year round habitat for cisco. The reason for the loss of the species in the OOM chain
has not been determined.

Despite the lakes’ excellent water quality and their ability to provide unique fishing, lake
residents, particularly long-time residents, became interested in documenting and assessing the
health of the lakes and their watersheds. The Oliver and Martin Lakes Improvement and
Conservation Association initiated an Indiana Department of Natural Resources (IDNR) Lake
and River Enhancement (LARE) program diagnostic study. The purpose of the diagnostic study
was to describe the conditions and trends in Oliver, Olin, and Martin Lakes and their watershed,
identify potential problems, and make prioritized recommendations addressing these problems.
The study consisted of a review of historical studies, interviews with lake residents and
state/local regulatory agencies, the collection of current water quality data, pollutant modeling,
and field investigations. In order to obtain a broad understanding of the water quality in Oliver,
Olin, and Martin Lakes and the water entering the lakes, the diagnostic study included an
examination of the lake and inlet stream water chemistry and their biotic communities
(macroinvertebrates, plankton, macrophytes) which tend to reflect the long-term trends in water
quality. The lake and inlet streams’ habitat was also assessed to help distinguish between water
quality and habitat effects on the existing biotic communities. This report documents the results
of the study.

2.0 WATERSHED CHARACTERISTICS

2.1 Topography and Physical Setting

Oliver, Olin, and Martin lakes are headwaters lakes in the Great Lakes Basin. The lakes and the
6,856 acre (2,774.6-ha) watershed lies north of the north-south continental divide. Similar to its
more famous cousin, the east-west Continental Divide, which divides the United States into two
watersheds, one that drains to the Atlantic Ocean and one that drains to the Pacific Ocean, the
north-south continental divide separates the Mississippi River Basin (land that drains south to
the Mississippi River) from the Great Lakes Basin (land that drains north to the Great Lakes). As
part of the St. Joseph River Basin, water from Oliver, Olin, and Martin lakes flows southwest
through LaGrange County as the North Branch of the Elkhart River, which discharge into the
Elkhart River near Ligonier, Indiana. The Elkhart River flows northwest and discharges into the
St. Joseph River in Elkhart, Indiana, which eventually discharges into Lake Michigan at St.
Joseph/Benton Harbor, Michigan.

The topography of the OOM Lakes watershed reflects the geological history of the watershed.
The highest areas of the watershed lie along the watershed’s northern and eastern edges,
where the Erie Lobe of the last glacial age left end moraines. Along the watershed’s eastern
boundary, the elevation nears 1,000 feet (304.8 m) above mean sea level. The ridges along the
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watershed’s northern boundary are nearly as high (930 to 991 feet msl (283 m — 302 m)), but
are less steep than the ridge along the eastern watershed boundary. The watershed’s
southwestern boundary occupies a lower elevation in the watershed, ranging between 910 feet
msl (277 m) and 940 feet msl (287 m). Oliver, Olin, and Martin lakes, each at elevation 900 feet
(274 m) above mean sea level, are the lowest points in the watershed. Figure 4 presents a
topographical relief map of the Oliver Lake watershed.

Figure 4. Topographical map of the Oliver, Olin, and Martin lakes watershed.

2.1.1 Oliver Lake

Surface water drains to Oliver Lake via five primary routes: through Dove Creek, through Bert
Hart Ditch which enters along the eastern shoreline, through an unnamed tributary just south of
Bert Hart Ditch on the eastern shoreline, from the Olin and Martin lakes subwatershed, and via
direct drainage. Dove Creek drains approximately 1,430.3 acres (578.8 ha or 20.9%) of the
watershed north of Oliver Lake (Table 1). This stream empties into Oliver Lake in the lake’s
northwest corner. This drain is a legal drain, which means that the drain is maintained by the
drainage board and any activity in and around the drain must be approved by the drainage
board prior before construction. Bert Hart Ditch transports water to Oliver Lake from the
watershed northeast of the lake emptying into the lake along its eastern boundary. In total, this
tributary drains 339.6 acres (137.4 ha or 5%) of the Oliver Lake watershed (Table 1). This drain
is also a legal drain. An unnamed tributary empties into Oliver Lake on the eastern shoreline just
to the south of Bert Hart Ditch and drains approximately 733.6 acres (296.9 ha or 10.7%) of the
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Oliver Lake watershed (Table 1). The subwatershed containing Olin and Martin Lakes drains
approximately 3,463 acres (1,401.4 ha or 50.5%) of the Oliver Lake watershed (Table 1). Direct
drainage to Oliver Lake accounts for 7.3% of the Oliver Lake watershed (497.6 acres; 201.4 ha)
(Table 1). Oliver Lake, at 391.9 acres (158.6 ha), comprises approximately 5.7% of the
watershed. Figure 5 illustrates the boundaries of each of these subwatersheds of Oliver Lake.

Figure 5. Oliver Lake subwatersheds.

Table 1. Watershed and subwatershed sizes for the Oliver Lake watershed.

Subwatershed/Lake Area Area Percent of Watershed
(acres) | (hectares)

Unnamed tributary 733.6 296.9 10.7

Dove Creek 1,430.3 578.8 20.9%

Bert Hart Ditch 339.6 137.4 5.0%

Olin Lake and Martin Lake watersheds 3,463.0 1,401.4 50.5%

Area draining directly to Oliver Lake 497.6 201.4 7.3%
Watershed Draining to Lake 6,464.1 2,615.9 94.3%

Oliver Lake 391.9 158.6 5.7%

Total Watershed 6,856.0 2, 7745 100%

Watershed to Lake Area Ratio

17.5:1
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Table 1 also provides the watershed area to lake area ratio for Oliver Lake. Watershed size and
watershed to lake area ratios can affect the chemical and biological characteristics of a lake.
For example, lakes with large watersheds have the potential to receive greater quantities of
pollutants (sediments, nutrients, pesticides, etc.) from runoff than lakes with smaller watersheds.
For lakes with large watershed to lake ratios, watershed activities can potentially exert a greater
influence on the health of the lake than lakes possessing small watershed to lake ratios.
Conversely, for lakes with small watershed to lake ratios, shoreline activities and internal lake
processes may have a greater influence on the lake’s health than lakes with large watershed to
lake ratios.

Oliver Lake possesses a watershed area to lake area ratio of approximately 17.5:1 (Table 1).
This is a relatively normal but when compared to other lakes in northern Indiana. Many glacial
lakes have watershed area to lake area ratios of less than 50:1 and watershed area to lake area
ratios between 10:1 and 30:1 are fairly common (Vant, 1987). Conversely, Lake Tippecanoe,
Ridinger Lake, and Smalley Lake, glacial lakes in the Upper Tippecanoe River watershed in
Kosciusko, Noble, and Whitley Counties, possess watershed area to lake area ratios of 93:1,
165:1, and 248:1, respectively. All of these lakes have extensive watersheds compared to Oliver
Lake.

In terms of lake management, Oliver Lake's watershed area to lake area ratio means that near
lake (i.e. shoreline) and watershed-based activities and processes can potentially exert a
significant influence on the health of Oliver Lake. Consequently, implementing best
management practices along the lake’s shoreline, such as maintaining native, emergent
vegetated buffers between the lakeside residences and the lake, should be given equal
attention as other watershed best management practices. If the watershed area to lake area
ratio were larger, there would be more evidence to focus on primarily on watershed-based
activities.

2.1.2 Olin Lake

Surface water drains to Olin Lake via three primary routes: via Stoner Ditch, from the Martin
Lake subwatershed, and via direct drainage. Stoner Ditch drains approximately 218.8 acres
(88.5 ha or 6.3%) of the Olin Lake watershed and enters Olin Lake from the northeast emptying
along the lake’s north shore (Table 2). Stoner Ditch is a legal drain. The subwatershed
containing Martin Lake drains approximately 2,869.9 acres (1,161.4 ha or 82.9%) of the Olin
Lake watershed (Table 2). Direct drainage to Olin Lake accounts for approximately 7.8% (271.2
acres; 109.8 ha) of the land in the Olin Lake watershed (Table 2). Olin Lake, at 101.4 acres (41
ha) accounts for 2.9% of the watershed (Table 2). Figure 6 illustrates the boundaries of each of
these subwatersheds of Olin Lake.
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Figure 6. Olin Lake subwatersheds.

Table 2. Watershed and subwatershed sizes for the Olin Lake watershed.

Subwatershed/Lake Area Area Percent of Watershed
(acres) | (hectares)
Stoner Ditch 218.8 88.5 6.3%
Martin Lake watershed 2,869.9 1,161.4 82.9%
Area draining directly to Olin Lake 271.2 109.8 7.8%
Watershed Draining to Lake 3,359.9 1,359.7 97.1%
Olin Lake 101.4 41.0 2.9%
Total Watershed 3,461.3 1,400.7 100%

Watershed to Lake Area Ratio

34.1:1

Like Oliver Lake, Olin Lake possesses a relatively average watershed area to lake area ratio
(34.1:1) (Table 2). Olin Lake’s watershed area to lake area ratio is typical for glacial lakes
(Vant, 1987). In terms of lake management, Olin Lake is somewhat unique to Indiana because it
is completely undeveloped. Typical near shore influences such as residential housing on the
lake or shoreline modification should not be affecting the lake. Protecting and improving water
quality in Olin Lake should focus on the Olin Lake watershed and the upstream influence of

Martin Lake and its watershed.
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2.1.3 Martin Lake

Surface water drains to Martin Lake via three primary routes: through Truman Flint Ditch, which
drains from the northeast into the east end of the lake, through an unnamed tributary, which
drains from the southeast into the east end of the lake, and via direct drainage. Truman Flint
Ditch drains 745.5 acres (301.5 ha or 26%) of the Martin Lake watershed and is a legal drain.
(Table 3). An unnamed tributary drains approximately 2,017.4 acres (816.4 ha or 70.4%) of the
Martin Lake watershed (Table 3). Direct drainage to Martin Lake accounts for 2.7% of the (76.5
acres; 31.0 ha) of the land in the Martin Lake watershed (Table 3). Martin Lake, at 25.6 acres
(10.4 ha), comprises 0.9% of the watershed (Table 3). Figure 7 illustrates the boundaries of
each of these subwatersheds of Martin Lake.

Figure 7. Martin Lake subwatersheds.

File No.070874.00 Page 9



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Table 3. Watershed and subwatershed sizes for the Martin Lake watershed.

Subwatershed/Lake Area Area Percent of Watershed
(acres) | (hectares)

Unnamed tributary 2,017.4 816.4 70.4%
Truman Flint Ditch 745.5 301.5 26.0%

Area draining directly to Martin Lake 76.5 31.0 2.7%
Watershed Draining to Lake 2,839.4 1,149.1 99.1%

Martin Lake 25.6 10.4 0.9%

Total Watershed 2,865.0 1,159.4 100%
Watershed to Lake Area Ratio 111.9:1

Unlike Oliver and Olin Lakes, Martin Lake possesses a relatively large watershed area to lake
area ratio (111.9:1) (Table 3). This ratio is large for glacial lakes, and is more typical of
reservoirs, where the watershed area to reservoir area ration typically ranges from 100:1 to
300:1 (Vant, 1987). This ratio is also relatively large compared to other lakes in the area. In
terms of lake management, Martin Lake’s large watershed area to lake area ratio means that
watershed activities and processes can potentially exert a significant influence on the health of
Martin Lake. Consequently, implementing best management practices within the lake's
watershed should rank high when prioritizing management options. This does not mean that in-
lake management should be ignored. Near shore management practices, such as maintaining
native, emergent vegetated buffers between the lakeside residences and the lake, should
receive special attention; however, the relatively large watershed area to lake area ratio should
be considered when prioritizing the use of limited funds for lake management.

2.2 Climate

Indiana Climate

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

Oliver, Olin, and Martin lakes Watershed Climate

The climate of the Oliver, Olin, and Martin lakes watershed is characterized as having four well-
defined seasons of the year. Winter temperatures average 27° F (-2.7° C), while summers are
warm with temperatures averaging 71° F (21.7° C). The growing season typically begins in
early April and ends in September. Yearly annual rainfall averages 36.7 inches (93.2 cm) (Table
4). Winter snowfall averages about 33 inches (83.82 cm). During summers, relative humidity
varies from about 65 percent in mid-afternoon to near 80 percent at dawn. Prevailing winds
typically blow from the southwest except during the winter when westerly and northwesterly
winds predominate. In 2008, almost 30.15 inches (76.6 cm) of precipitation (Table 4) was
recorded at a co-operative weather station in Kendallville, Noble County. This is slightly less
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than the average annual precipitation for LaGrange County. A weather station located at Prairie
Heights High School in LaGrange County was not used due to an absence of data from January
2008 through April 2008.

Table 4. Monthly rainfall data (in inches) for 2008 as compared to average monthly
rainfall.

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

2008 2.39 353|133 [190]190 397 [332]1.78|4.87 |1.80|1.47]1.89] 30.15

Average | 1.79 | 1.76 | 2.67 | 3.34 | 3.63 | 4.17 | 3.59 | 4.00 | 3.46 | 2.79 | 2.89 | 2.61 | 36.70

All data were recorded at a weather station in Kendallville, Whitley County. Averages are 30-
year normal based on available weather observations taken during the years of 1971-2000 at
Prairie Heights High School (Purdue Applied Meteorology Group, 2008).

2.3 Geology

The advance and retreat of the glaciers in the last ice age (the Wisconsin Age) removed,
shaped and reshaped much of the landscape found in Indiana today. In the northern portion of
the state, ground moraines, end moraines, lake plains, outwash plains, and other geologically
complex features dominate the landscape. Further, the interaction of three glacial lobes,
(Michigan Lobe, Saginaw Lobe, and the Erie Lobe, respectively) left behind a vast array of
deposits and landforms that changed the region’s hydrogeology. In comparison to the central
portion of the state, surface water, groundwater and soils are more varied and complex. Large
raised landforms, such as the Valparaiso Moraine, the Maxinkuckee Moraine, and the
Packerton Moraine, indicate the glacial margins of these ice sheets in the northern portion of the
state. Major rivers in northern Indiana cut through course grained outwash and transect these
dominant topographical features, suggesting a drainage pattern that was established in an ice
proximal and or subglacial environment. Later, outwash plains formed as the glacial melt waters
flowed from retreating glaciers. This further altered the drainage of the landscape as dams
between ice, morainal deposits and melt water pooled into lakes. As a result, lake plains and
kettle lakes formed as stagnant water settled out and deposited silt and clay (Brown, et al,
1998).

The movement, stagnation, and melting of the Saginaw Lobe of the Wisconsin glacial age is
largely responsible for the landscape covering the Oliver Lake watershed. The Saginaw glacial
lobe moved out of Canada toward the southwest carrying a mixture of Canadian and Michigan
basin bedrock with it. The Packerton Moraine and the Maxinkuckee Moraine mark the extent of
the Saginaw Lobe’s coverage in northern Indiana. The Oliver Lake watershed lies within
Malott's Steuben Morainal Lake Area (Schneider, 1966.) In addition to these major moraines,
the Saginaw Lobe also deposited many unnamed end moraines. The ridge that separates the
Oliver Lake watershed from the headwaters of the Pigeon River watershed to the north is part of
one end moraine left by the Saginaw Lobe while a similar ridge along the southern edge of the
larger Five Lakes watershed, which contains the Oliver Lake watershed, represents another.
Gravel lithologies indicate that the Erie and Saginaw Lobes deposited sediments and modified
existing landforms in the area. Oliver, Olin, and Martin lakes are good examples of deep
(relative to many lakes in the region) kettle lakes lying in an end moraine. They are part of the
“knob and kettle” topography that is characteristic of end moraines. These ice block depressions
occur in moraine deposits that were later sculpted by water from the melting Erie Lobe of ice
(Brown and Jones, 1999).

Surficial geology indicates that Oliver, Olin and Martin lakes lie within glacial till material. Glacial
drift covers the Oliver Lake watershed to a depth of 300 to 400 feet (91 to 122 m; Wayne, 1966).
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The watershed’s surficial geology originates from silty clay loam and clay loam till materials. The
bedrock underlying the watershed’s glacial deposits includes Coldwater shale to a depth of 90
and 350 feet (27 to 107 m). Beneath that, the underlying bedrock is a broad lowland, which
formed on Upper Devonian and Lower Mississippian shales (Wayne, 1966; Gutschick, 1966).

2.4 Soils

Before detailing the major soil associations covering the OOM lakes watershed, it may be useful
to examine the concept of soil associations. Major soil associations are determined at the
county level. Soil scientists review the soils, relief, and drainage patterns on the county
landscape to identify distinct proportional groupings of soil units. The review process typically
results in the identification of eight to fifteen distinct patterns of soil units. These patterns are the
major soil associations in the county. Each soil association typically consists of two or three soil
units that dominate the area covered by the soil association and several soil units that occupy
only a small portion of the soil association’s landscape. Soil associations are named for their
dominant components. For example, the Wawasee-Hillsdale-Conover soil association consists
primarily of Wawasee fine sandy loam, Hillsdale sandy loam, and Conover loam.

One major soil association, the Wawasee-Hillsdale-Conover soil association, covers most of the
OOM lakes watershed; the Boyer-Oshtemo soil association and the Houghton-Adrian soll
association each cover a relatively small portion of the OOM lakes watershed (Figure 8). The
following discussion on soil associations in the OOM lakes watershed relies heavily on the Soil
Survey of LaGrange County (Hillis, 1980). Readers should refer to this source for a more
detailed discussion of soil associations covering LaGrange County.
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Figure 8. Soil associations in the Oliver, Olin, and Martin lakes watershed.

The Wawasee-Hillsdale-Conover soil association covers 4,785.5 acres (1,936.6 ha) of the OOM
lakes watershed. The Wawasee-Hillsdale-Conover soil association is the most plentiful
association in LaGrange County, covering 34% of the County. Soils in this soil association
developed from glacial till and occur on till plains and moraines. Thirty percent of the soil
association consists of Wawasee soils, while Hillsdale soils cover 17% and Conover soils cover
14%. Wawasee soils are well drained and occur on knobs and breaks between drainageways.
Hillsdale soils are also well drained soils; however, they are typically found on ridges between
drainageways and on level till plains. Conover soils are typically located on broad flats or along
drainageways and are somewhat poorly drained. Boyer loamy sand, Oshtemo loamy sand,
Chelsea fine sand, Metea loamy sand, and Martinsville sandy loam soils are minor components
of this association. Whitaker soils are common on low areas in the landscape, while Rensselaer
soils are located in depressions and drainageways and Houghton soils are found in low-lying
pockets and deep depressions.

Cultivated cropland, pasture, woodland, and housing or other urban uses are the typical uses
for areas mapped in this association (Hillis, 1980). Soils in this association are well suited to
crop production. However, erosion is a major hazard especially on the sloping, well-drained
soils of this association. Low available water capacity limits Hillsdale soils, while Conover soils
are limited by wetness. Many of the soils in the Wawasee-Hillsdale-Conover soil association
have severe limitations when used as a septic tank absorption field. As a consequence, this sail
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association is not well suited for residential developments which utilize septic systems for
wastewater treatment.

The Boyer-Oshtemo soil association covers 1,225.7 acres (496 ha) of the OOM lakes
watershed and is located on the eastern boundary of the watershed (Figure 8). The Boyer-
Oshtemo soil association covers about 30% of LaGrange County. Thirty-nine percent of the soll
association consists of Boyer soils and 33% Oshtemo soils. The remaining 28% of the soil
association is made of a minor extent of Adrian and Houghton soils in the deeper depressions
and low-lying pockets; the Brady, Homer, and Bronson soils on slightly lower positions in the
landscape; the Gilford and Sebewa soils in depressions on the outwash flats and along large
drainageways; and the Hillsdale and Chelsea soils on moraines. Most areas consisting of
Boyer-Oshtemo soil association are used for the production of cultivated crops or pasture.

The Houghton-Adrian soil association forms the southern shoreline of Olin and Martin lakes and
covers some of the southern portion of Oliver Lake and accounts for 370.8 acres (150.1 ha) of
the OOM lakes watershed. The Houghton-Adrian soil association is a minor component of the
soils in LaGrange County, covering 6% of the county. Nearly level, very poorly drained muck
soils dominate the Houghton-Adrian soil association. These soils developed from partially
decaying organic matter that accumulated in depressional areas on uplands and outwash
plains, till plains and moraines. Generally, Houghton soils account for 51% of the association,
and Adrian soils cover 18% of the association; the remaining 31% is soils of minor extent.
Typically, corn or soybeans are grown on soils of the Houghton-Adrian association; however,
specialty crops such as mint, blueberries, sweet corn, potatoes, and onions are also grown on
this association throughout the County. Soils in this association have severe limitations for use
as septic system absorption fields due to wetness, while wind erosion limits the usability of
these soils for row crop agriculture when drained.

2.4.1 Highly Erodible Soils

Soils that erode from the landscape are transported to waterways where they degrade water
quality, interfere with recreational uses, and impair aquatic habitat and health. In addition, such
soils can carry attached nutrients, which further impair water quality by increasing production of
plant and algae growth. Soil-associated chemicals, like some herbicides and pesticides, can kill
aquatic life and damage water quality. Highly erodible and potentially highly erodible are
classifications used by the Natural Resources Conservation Service (NRCS) to describe the
potential of certain soil units to erode from the landscape. The NRCS examines common soil
characteristics such as slope and soil texture when classifying soils. The NRCS maintains a list
of highly erodible soil units for each county. Table 5 lists and Figure 9 displays the soil units in
the OOM lakes watershed that the NRCS considers to be highly erodible and potentially highly
erodible.
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Table 5. Highly erodible and potentially highly erodible soil units in the OOM lakes

watershed.
Soil Unit | Status | Soil Name Soil Description

BoC PHES | Boyer loamy sand 6-12% slopes
BoD PHES | Boyer loamy sand 12-18% slopes
ChC PHES | Chelsea fine sand 6-12% slopes
HdC PHES | Hillsdale sandy loam 6-12% slopes
MeC PHES | Metea loamy sand 6-12% slopes
OsC PHES | Oshtemo loamy sand 6-12% slopes
OsE HES Oshtemo loamy sand 18-25% slopes
OuC PHES | Oshtemo-Hillsdale-Chelsea complex | 6-12% slopes

WeC2 PHES | Wawasee fine sandy loam 6-12% slopes, eroded

WhC3 PHES | Wawasee loam 6-12% slopes, severely eroded

WhD3 HES Wawasee loam 12-18% slopes, severely eroded

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

Figure 9. Highly erodible and potentially highly erodible soils within the Oliver, Olin, and
Martin lakes watershed.

File No.070874.00

Page 15



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Highly erodible (HES) and potentially highly erodible soil (PHES) units in the form of Boyer
loamy sand, Chelsea fine sand, Hillsdale sandy loam, Metea loamy sand, Oshtemo loamy sand,
Oshtemo-Hillsdale-Chelsea complex, and Wawasee fine sandy loam and loam soils cover
portions of the OOM lakes watershed. Areas of the watershed that are mapped in these soail
units and have gentle slopes are considered only slightly limited for agricultural production. As
slope increases, the severity of the limitation increases. Some steeply sloped Oshtemo and
Wawasee soils are considered unsuitable for agricultural production due to erosion hazard. The
erosion hazard would also exist during residential development on these sails.

As Figure 9 indicates, highly erodible soils located on the most steeply sloped areas (HES)
cover approximately 15 acres (6.1 ha) or 0.2% of the OOM lakes watershed. These soils are
located in three areas of the watershed. Potentially highly erodible soils on steep-sloped soils
(PHES) cover approximately 519 acres (210 ha) or 8% of the watershed. This acreage is
spread throughout the watershed, and, in many cases, is located on the slopes bordering the
low-lying portions of the watershed.

2.4.2 Soils Used for Septic Tank Absorption Fields

Nearly half of Indiana’s population lives in residences having private waste disposal systems.
As is common in many areas of Indiana, septic tanks and septic tank absorption fields are
utilized for wastewater treatment throughout the OOM lakes watershed. The shorelines of Oliver
and Martin lakes are exceptions to this. Wastewater from all of the residences directly adjacent
to these lakes is treated by a sewer system owned and operated by the LaGrange County
Regional Utility District. The sewer system treats wastewater from residences along the entire
shorelines of both Oliver and Martin lakes. Wastewater from the LaGrange County Regional
Utility District is transported to the wastewater treatment plant. Once treated, effluent is
discharged to Turkey Creek eventually reaching the Pigeon River. Much of the wastewater from
the remainder of the OOM lakes watershed is still primarily treated by private waste disposal
systems. Private waste disposal systems rely on the septic tank for primary treatment to remove
solids and the soil for secondary treatment to reduce the remaining pollutants in the effluent to
levels that protect surface and groundwater from contamination. The soil’s ability to sequester
and degrade pollutants in septic tank effluent will ultimately determine how well surface and
groundwater is protected.

While all septic system use in the OOM lakes watershed has the potential to impact the water
guality of Oliver, Olin, and Martin lakes, the ability of the soil immediately adjacent to each of
these lakes to treat septic effluent has a more direct effect on the lakes’ water quality than the
ability of the soil in other areas of the watershed. For example, the soils directly adjacent to the
Oliver Lake have a more direct effect on Oliver Lake than the soils in other areas of the
watershed. Likewise, the soils directly adjacent to Martin Lake have a more direct effect on the
water quality within Martin Lake. Nonetheless, soils throughout the watershed impact water
guality within Oliver, Olin, and Martin lakes.

A variety of factors can affect a soil's ability to function as a septic absorption field. Seven soil
characteristics are currently used to determine soil suitability for on-site sewage disposal
systems: position in the landscape, slope, soil texture, soil structure, soil consistency, depth to
limiting layers, and depth to seasonal high water table (Thomas, 1996). The ability of soil to treat
effluent (waste discharge) depends on four factors: the amount of accessible soil particle
surface area; the chemical properties of the soil particle’s surface; soil conditions like
temperature, moisture, and oxygen content; and the types of pollutants present in the effluent
(Cogger, 1989).
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The amount of accessible soil particle surface area depends both on particle size and porosity.
Because they are smaller, clay particles have a greater surface area per unit volume than silt or
sand; and therefore, a greater potential for chemical activity. However, soil surfaces only play a
role if wastewater can contact them. Soils of high clay content or soils that have been
compacted often have few pores that can be penetrated by water and are not suitable for septic
systems because they are too impermeable. Additionally, some clay soils swell and expand on
contact with water closing the larger pores in the profile. On the other hand, very coarse soils
may not offer satisfactory effluent treatment either because the water can travel rapidly through
the soil profile. Soils located on sloped land also may have difficulty in treating wastewater due
to reduced contact time.

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

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

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

Taking into account the various factors described above, the NRCS ranks each soil series in the
OOM lakes watershed in terms of its limitations for use as a septic tank absorption field. Each
soil series is placed in one of three categories: slightly limited, moderately limited, or severely
limited. Use of septic absorption fields in moderately or severely limited soils generally requires
special design, planning, and/or maintenance to overcome the limitations and ensure proper
function. Figure 10 displays the septic tank suitability of soils throughout the OOM lakes
watershed, while Table 6 lists the soils located within the watershed and their associated
properties. Soils that are severely limited for use as septic systems cover 4,409 acres (1784.3
ha or 64%) of the watershed. Severely limited soils are spread throughout the watershed,
including all Olin and Martin lakes’ shorelines and approximately half of the shoreline of Oliver
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Lake. Soils that are moderately limited cover an additional 15% or 1,030 acres (416.8 ha) of the
Oliver Lake watershed, and soils that are rated as slightly limited for septic system usage cover
an additional 13% or 864 acres (349.7 ha) of the watershed. Soils that are not rated at all,
including Oliver, Olin, and Martin lakes, cover the remaining 8% of the watershed.

Figure 10. Soil septic tank suitability within the Oliver, Olin, and Martin lakes watershed.
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Table 6. Soil types in the Oliver Lake watershed and the features restrictive to their
suitability to serve as a septic tank absorption field.

Soil Unit Soil Name Depth to High Restrictive Features
Water Table
Ad Adrian muck +0.5t0 1 feet | Severe: ponding
BoA, BoB, BoC | Boyer loamy sand >6 feet Severe: poor filter
BoD Boyer loamy sand >6 feet Severe: poor filter, slope
Bp Brady sandy loam 1to 3 feet Severe: wetness, poor filter
ChB, ChC Chelsea fine sand >6 feet Severe: poor filter
CrA Conover loam 1to 2 feet Severe: wetness, percs slowly
Ed Edwards muck +0.5to 0.5 feet | Severe: ponding, percs slowly
Gf Gilford sandy loam +0.51t0 1 feet | Severe: ponding, poor filter
HdA, HdB Hillsdale sandy loam >6 feet Moderate: percs slowly
HdC Hillsdale sandy loam >6 feet Moderate: percs slowly, slope
Ho Homer sandy loam 1to 3 feet Severe: wetness, poor filter
Ht, Hw Houghton muck +0.51t0 1 feet | Severe: ponding, percs slowly
Hx Houghton muck, ponded +2t0 0.5 feet | Severe: ponding, percs slowly
MbB Martinsville sandy loam >6 feet Slight
MeB, MeC Metea loamy sand >6 feet Moderate: percs slowly
OsA, OsB, OsC | Oshtemo loamy sand >6 feet Severe: poor filter
OsE Oshtemo loamy sand >6 feet Severe: poor filter, slope
OuB Oshtemo-Hillsdale- >6 feet Severe: poor filter
Chelsea complex
Pm Palms muck +0.5to 1 feet | Severe: ponding
Pv Pits, gravel -- --
Rb Rensselaer loam +0.5to 1 feet | Severe: ponding, percs slowly
Se Sebewa loam +0.5t0 1 feet | Severe: ponding
Ud Udorthents 3 to >6 feet -
WeB Wawasee fine sandy loam >6 feet Slight
WeC2 Wawasee fine sandy loam >6 feet Moderate: percs slowly, slope
WhC3 Wawasee loam >6 feet Moderate: percs slowly, slope
WhD3 Wawasee loam >6 feet Severe: slope
Wit Whitaker sandy loam 1 to 3 feet Severe: wetness

2.5 Natural History

Geographic location, climate, topography, geology, soils, and other factors play a role in
shaping the native floral and faunal communities in a particular area. Various ecologists (Deam,
1921; Petty and Jackson, 1966; Homoya et al., 1985; Omernik and Gallant, 1988) have divided
Indiana into several natural regions or ecoregions, each with similar geographic history, climate,
topography, and soils. Because the groupings are based on factors that ultimately influence the
type of vegetation present in an area, these natural areas or ecoregions tend to support
distinctive native floral and faunal communities. The OOM lakes watershed lies within Homoya's
Northern Lakes Natural Region. Similarly, the OOM lakes watershed lies in the southeastern
portion of Omernik and Gallant's Southern Michigan/Northern Indiana Till Plains Ecoregion
(Omernik and Gallant, 1988). The OOM lakes watershed also lies within the transition zone
between Petty and Jackson’s Oak-Hickory and Beech-Maple Climax Forest Associations (Petty
and Jackson, 1966). As a result, the native floral community of the OOM lakes watershed likely
consisted of components of neighboring natural areas and ecoregions in addition to
components characteristic of the natural area and ecoregion in which it is mapped.
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Homoya et al. (1985) noted that prior to European settlement, the region was a mixture of
numerous natural community types, including bog, fen, marsh, prairie, sedge meadow, swamp,
seep spring, lake, and deciduous forest. The dry to dry-mesic uplands were likely forested with
red oak, white oak, black oak, shagbark hickory, and pignut hickory. More mesic areas
probably harbored beech, sugar maple, black maple, and tulip poplar. Omernik and Gallant
(1988) describe the region as consisting mostly of cropland agriculture, with remnants of natural
forest cover. Forests are mainly oak-hickory, dominated by white oak, red oak, black oak,
bitternut hickory, shagbark hickory, sugar maple, and beech. Wetter soils support red maple,
white oak, American elm, and basswood, and forested wetlands are swamps supporting white
ash, red maple, quaking aspen, and black cherry. Petty and Jackson (1966) list pussy-toes,
common cinquefoil, wild licorice, tick clover, blue phlox, waterleaf, bloodroot, Joe-pye-weed,
woodland asters, goldenrods, wild geranium, and bellwort as common components of the oak-
hickory forest understory in the watershed'’s region, and rue anemone, jack-in-the-pulpit, spring
beauty, cutleaf toothwort, pretty bedstraw, mayapple, false Solomon’s seal, and wild ginger as
common components of the beech-maple forest understory.

Historically, wet habitat (ponds, swamps, marshes, and bogs) intermingled with the upland
habitat throughout the OOM lakes watershed. The hydric soils map indicates that wetland
habitat existed throughout the OOM lakes watershed. These wet habitats supported very
different vegetative communities than the drier portions of the landscape (Homoya et. al, 1985).
Sycamore, American elm, red elm, green ash, silver maple, red maple, cottonwood, hackberry,
and honey locust likely dominated the floodplain forests. Swamp communities bordering lakes
typically consisted of red maple, silver maple, green ash, American elm, black ash, and yellow
birch. Marshes associated with lake communities typically contained swamp loosestrife,
cattails, bulrush, marsh fern, marsh cinquefoil, and sedges. Aquatic species within the lake
community included spatterdock, water shield, fragrant water lily, pickerel weed, hornwort, wild
celery, pondweeds, Virginia arrow arum, and sedges.

2.6 Land Use

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

Table 7 and Figure 11 present current land use information for the Oliver Lake watershed. (Land
use data from the U.S. Geological Survey (USGS) form the basis of Figure 11.) Like many
Indiana watersheds, agricultural land use dominates the Oliver Lake watershed, accounting for
approximately 76.8% of the watershed. Row crops comprise the greatest percentage of
agricultural land use at 58.9%, while pastures or hay vegetate another 17.9%. Most of the
agricultural land in the Oliver Lake watershed and throughout LaGrange County (USDA, 2002)
is used for growing soybeans and corn. LaGrange County ranks the highest of all 92 state
counties for forage (land used for hay, haylage, grass silage, and greenchop) production and
sales of donkeys, ponies, mules, burrows, and horses and also cattle sales. County-wide tillage
transect data for LaGrange County provide an estimate for the portion of cropland in
conservation tillage for the Oliver Lake watershed. In LaGrange County, soybean producers
utilize no-till methods on 64% of soybean fields and some form of reduced tillage on 28% of
soybean fields (IDNR, 2004b). LaGrange County corn producers used no-till methods on 14%
of corn fields and some form of reduced tillage on 24% of corn fields in production (IDNR,
2004a). Overall, LaGrange County ranked 56" for usage of no-till on corn fields and 46™ for use
of no-till on soybean fields. The percentages of fields on which no-till methods were used in
LaGrange County were above the statewide median percentage for soybean production, but
below the median percentage for corn production.

Land uses other than agriculture account for the remaining 23.2% of the watershed. Natural
landscapes, including forests and wetland, cover approximately 22.5% of the watershed. Most
of the natural acreage in the watershed is associated with the woody wetland areas around the
lakes and along some of the streams. Additional smaller tracts are located in the northeastern
and southeastern portions of the watershed. These natural areas consist of small tracts of
wooded wetlands or deciduous forest. Open water, including Oliver Lake, Olin, and Martin
lakes, several small ponds, and streams and ditches, accounts for another 7.5% of the
watershed. The remaining 0.7% of the watershed is occupied by low intensity residential
development, high intensity commercial/industrial/transportation, and high intensity residential
development. High intensity development only accounts for 0.2% of the land in the Oliver Lake
watershed. Much of the residential land lies in one location in the western end of Oliver Lake,
and long several of the roads in the northern and eastern portions of the watershed.

Table 7. Detailed land use in the Oliver Lake watershed.

Land Use Area (acres) Area (hectares) % of Watershed
Row Crops 4,038.4 1,634.3 58.9%
Pasture/Hay 1,223.9 495.3 17.9%
Open Water 513.5 207.8 7.5%
Deciduous Forest 507.7 205.5 7.4%
Woody Wetlands 446.8 180.8 6.5%
Emergent Herbaceous Wetlands 75.2 30.4 1.1%
Low Intensity Residential 31.3 12.7 0.5%
Evergreen Forest 9.7 3.9 0.1%
High

Intensity:Commercial/Ind/Trans 4.3 1.7 0.1%
High Intensity Residential 3.9 1.6 0.1%
Mixed Forest 1.3 0.5 <0.1%
Entire Watershed 6,856.0 2,774.5 100.0%

File No.070874.00 Page 21



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Figure 11. Land use in the Oliver, Olin, and Martin lakes watershed.

Impervious surface coverage was calculated by using adapted impervious values for selected
land used in Lee and Toonkel (2003), but does not include road surfaces. Impervious surfaces
cover approximately 2.0% of the watershed. This estimate of impervious surface coverage is
below the threshold (10%) at which the Center for Watershed Protection has found an
associated decline in water quality. The land uses contributing to the impervious surface
coverage in the Oliver Lake watershed are agricultural (1.4%), residential (0.4%), and
commerical (0.3%).

2.6.2 Olin Lake Watershed

Land use within the Olin Lake watershed parallels that of the entire Oliver Lake watershed.
Agricultural land use dominates the Olin Lake watershed (Table 8; Figure 11). Row crops cover
approximately 66.8% of the watershed, while pasture or hay covers an additional 11% of the
watershed. Natural land uses cover approximately 21.1% of the watershed. Most of the natural
acreage in the watershed is associated with the woody wetland areas and deciduous forests
around the lake and drainages. Open water in the form of Olin Lake and its associated streams
and ditches accounts for approximately 3.7% of the watershed. The remaining 0.1% of the land
in the Olin Lake watershed is used by low intensity residential and high intensity commercial
development.
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Table 8. Detailed land use in the Olin Lake watershed.

Land Use Area (acres) Area (hectares) % of Watershed
Row Crops 2,311.0 935.2 66.8%
Pasture/Hay 379.9 153.7 11.0%
Deciduous Forest 298.5 120.8 8.6%
Woody Wetlands 296.4 119.9 8.6%
Open Water 129.6 52.4 3.7%
Emergent Herbaceous Wetlands 35.3 14.3 1.0%
Evergreen Forest 7.9 3.2 0.2%
Mixed/Forest 1.3 0.5 <0.1%
High

Intensity:Commercial/Ind/Trans 1.0 0.4 <0.1%
Low Intensity Residential 0.4 2 <0.1%
Entire Watershed 3461.2 1,400.7 100%

2.6.3 Martin Lake Watershed

Land use within the Martin Lake watershed also parallels that of the entire Oliver Lake
watershed. Agricultural land use dominates the Martin Lake watershed (Table 9; Figure 11).
Row crops cover approximately 71.7% of the watershed, while pasture or hay covers an
additional 12% of the watershed. Natural land uses cover approximately 16.2% of the
watershed. Most of the natural acreage in the watershed is associated with the woody wetland
areas and deciduous forests around the lake and its associated streams and ditches. Open
water in the form of Martin Lake and its associated streams and ditches accounts for
approximately 1% of the watershed. Developed areas such as low intensity residential and high
intensity commercial/industrial/transportation account for the remaining 0.1% of the land in the
Martin Lake watershed.

Table 9. Detailed land use in the Martin Lake watershed.

Land Use Area (acres) Area (hectares) % of Watershed
Row+ Crops 2,054.4 831.4 71.7%
Pasture/Hay 344.2 139.3 12.0%
Woody wetlands 318.5 128.8 7.5%
Deciduous Forest 185.1 74.9 6.5%
Emergent Herbaceous Wetlands 30.6 12.4 1.1%
Open Water 29.5 11.9 1.0%
Evergreen Forest 3.1 1.3 0.2%
High

Intensity:Commercial/Ind/Trans 1.0 04 <0.1%
Mixed Forest 0.6 0.2 <0.1%
Low Intensity Residential 0.4 0.2 <0.1%
Entire Watershed 2,863.9 1,159.0 100.00%
2.7 Wetlands

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

The United States Fish and Wildlife Service’'s (USFWS) National Wetland Inventory (NWI) Map
(Figure 12) shows that wetlands cover approximately 21% of the Oliver Lake watershed. Table
10 presents the acreage of wetlands by type according to the National Wetland Inventory.
Oliver, Olin, and Martin lakes account for approximately one-third of this wetland acreage (7.4%
of the watershed). Forested wetlands account for another third of the wetland acreage (7.0% of
the watershed). Shrub-scrub and herbaceous wetlands cover approximately 6.3% of the
watershed. The largest contiguous tracts of wetland habitat lie along the south shore of Oliver
Lake, around Olin Lake, along the south shore of Martin Lake, and along Dove Creek and the
southern unnamed tributary to Martin Lake. Additional large tracts of wetland lie along Bert Hart
Ditch, and in the northeastern and southeastern portions of the watershed, and small tracts are
scattered throughout the watershed. Ponds account for the remaining wetland acreage (0.2%).

Figure 12. National wetland inventory wetlands in the Oliver, Olin, and Martin lakes
watershed.
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Table 10. Acreage and classification of wetland habitat in the Oliver, Olin, and Martin
lakes watershed.

Wetland Type Area (acres) Area (hectares) Percent of Watershed
Lacustrine 504.5 204.2 7.4%
Palustrine forested 478.5 193.6 7.0%
Palustrine emergent 310.6 125.7 4.5%
Palustrine scrub/shrub 119.8 48.5 1.7%
Ponds 11.3 4.6 0.2%
Total 1424.7 576.6 20.8%

Source: National Wetlands Inventory.

The USFWS NWI data differ in their estimate of wetland habitat acreage in the watershed from
the USGS data presented in Table 7 and Figure 11. The USGS Land Cover Data Set suggests
that wetlands cover approximately 7.6% of the OOM lakes watershed and open water covers an
additional 7.5% of the watershed (Table 7), while the USFWS NWI data show that
approximately 13.2% of the watershed is covered by wetland and 7.6% is covered by open
water. The primary difference between the two data sets is the distribution of wetland acreage
between forested and emergent habitats. The USGS reports that approximately 446.8 acres of
forested wetland and 75.2 acres of emergent wetland exist in the OOM lakes watershed,
compared to approximately 598.3 acres of forested and scrub/shrub wetland and 310.6 acres of
emergent wetland reported by the USFWS. The differences in reported wetland acreage in the
OOM lakes watershed reflect the differences in project goals and methodology used by the
different agencies to collect land use data.

The U.S. Fish and Wildlife Service estimates an average of 2.6% of the nation’s wetlands were
lost annually from 1986 to 1997 (Zinn and Copeland, 2005). The IDNR estimates that
approximately 85% of the state’s wetlands have been filled or drained (IDNR, 1996). The
greatest loss has occurred in the northern counties of the state such as LaGrange County. The
last glacial retreat in these northern counties left level landscapes dotted with wetland and lake
complexes. Development of the land in these counties for agricultural purposes altered much of
the natural hydrology, eliminating many of the wetlands. Hamilton (1965) estimated that nearly
71% of the wetlands within the Lake Michigan Basin in Indiana have been lost (cited in
EarthSource, 1991).

Development within the OOM lakes watershed has undoubtedly reduced wetland acreage in the
watershed as well. Hydric soils, which formed under wetland conditions, cover nearly the entire
length of all of the streams and ditches in the watershed, and are scattered throughout the
watershed (Figure 13). Areas mapped in the wettest of hydric soils, such as Houghton muck,
Rensselaer loam, and Whitaker sandy loam, have largely remained undeveloped. Overall,
hydric soils cover approximately 1,780 acres (720.3 ha or 26%) of the OOM lakes watershed.
When compared to the acreage of wetlands mapped by the USFWS NWI (909 acres or 367.9
ha), approximately 51% of wetlands remain in the OOM lakes watershed.

Figure 14 displays the FEMA (Federal Emergency Management Agency) floodplain maps. The
highlighted areas in Figure 14 show those areas with a 1% annual chance of flooding and a
26% chance of flooding over the life of a 30-year mortgage (FEMA). As shown, the potential for
flooding within the OOM lakes watershed appears to be restricted to the immediate areas
around the lakes and along a portion of Dove Creek in the northern part of the watershed.
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Figure 13. Hydric soils in the Oliver, Olin, and Martin lakes watershed.
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Figure 14. FEMA map indicating areas within the one-percent flooding zone.

2.8 Natural Communities and Endangered, Threatened, and Rare Species

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

Appendix A presents the results from the database search for the OOM lakes watershed. (For
additional reference, Appendix B provides a listing of endangered, threatened, and rare species
(ETR) documented in LaGrange County.) No federally listed endangered, threatened, and rare
species are known to exist in the watershed. The state of Indiana uses the following definitions
when listing species:

» Endangered: Any species whose prospects for survival or recruitment with the state are in
immediate jeopardy and are in danger of disappearing from the state. This includes all
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species classified as endangered by the federal government which occur in Indiana. Plants
known to occur currently on five or fewer sites in the state are considered endangered.

= Threatened: Any species likely to become endangered within the foreseeable future. This
includes all species classified as threatened by the federal government which occur in
Indiana. Plants known to occur currently on six to ten sites in the state are considered
endangered.

= Rare: Plants and insects known to occur currently on from eleven to twenty sites.

The Indiana Natural Heritage Data Center database contains more than 35 species listings and
documents more than five high quality natural communities present within the OOM lakes
watershed. This listing including habitats and species identified in the Marsh Wren Nature
Preserve and in the Olin Lake Nature Preserve. In total two state endangered birds, the Marsh
Wren (Cistothorus palustris) and the Black-crowned Night-heron (Nycticorax nycticorax), were
historically located within the watershed. Both birds were last documented in 1986. Additionally,
three state endangered reptiles, including Blanding's turtle (Emydoidea blandingii), the eastern
massasauga (Sistrurus catenatus catenatus), and the spotted turtle (Clemmys guttata), were
historically present within the OOM lakes watershed. Blanding's turtles and eastern
massasauga were documented as recently as 2002 and 2000, respectively; however, spotted
turtles have not been documented in the area since 1954. Two species of special concern, the
lake herring or cisco (Coregonus artedi) and the great blue heron (Ardea Herodias) were also
historically documented within the watershed. Both sightings occurred relatively recently, with
herons documented as soon as 1997 and cisco as recently as 1988.

Numerous state endangered, state threatened, and state rare plant species were historically
documented in the OOM lakes watershed. These include the state endangered mud sedge
(Carex limosa), horse-tail spikerush (Eleocharis equisetoides), prairie white-fringe orchid
(Platanthera leucophaea), highbush cranberry (Viburnum opulus var. americanum), american
scheuchzeria (Scheuchzeria palustris spp. americana) thinleaf sedge (Carex sparganioides var.
cephaloidea), american water-pennywort (Hydrocotyle americana), and northeastern
bladderwort (Utricularia resupinata). Additionally, state rare species including rushlike aster
(Aster borealis), Robbin’s spikerush (Eleocharis robbinsii), whorled water-milfoil (Myriophyllum
verticillatum), red baneberry (Actaea rubra), shining ladies’ tresses (Spiranthes lucida), thinleaf
sedge (Carex sparganioides var. cephaloidea), and false asphodel (Tofieldia glutinosa) also
occur within the OOM lakes watershed. Two state threatened species the horned bladderwort
(Utricularia cornuta) and white-stem pondweed (Potamogeton pralongus) were also historically
known in the Olin Lake Nature Preserve. Most of the vascular plant listings occurred from 1914
to 1935; however, whorled watermilfoil was documented as recently as 1985 and was observed
during the spring aquatic plant survey completed as part of this project

Other records exist for the OOM lakes watershed which document high quality natural
communities. These include mesic upland forest, fen, lake, forested swamp, shrub swamp,
circumneutral bog, dry upland forest, and marsh. Additionally, LaGrange County supports a
variety of endangered, threatened, and rare animals and plants as detailed by the Indiana
Natural Heritage database listing for LaGrange County, which was last updated in 2005. The
listed animals include four freshwater mussels (slippershell mussel, snuffbox, ellipse, and rayed
bean), three amphibians (northern leopard frog, four-toed salamander, and blue-spotted
salamander), four reptiles (spotted turtle, Blanding’s turtle, copperbelly water snake, and
eastern massasauga), and two fish (cisco and greater redhorse). More than fifty insects, more
than twenty-five birds, and six mammals (star-nosed mole, northern river otter, bobcat, least
weasel, Indiana bat, and American badger) have been documented in LaGrange County. More
than eighty plant species, many of which are hydrophytic (wetland or aquatic species), are also

File No.070874.00 Page 28



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

included in the database for LaGrange County. The county also supports fifteen high quality
communities.

The IDNR Olin Lake Nature Preserve located on the southwest shoreline of Olin Lake and two
other IDNR Nature Preserves in the Martin Lake watersheds are important components of the
watershed because they represent a relatively large area within the watershed that are not
subject to the same pressures of development, land use changes, or conventional agriculture
(Figure 15). Although there are several water quality concerns currently within the largest unit
of Olin Nature Preserve (See Section 6 for more information), the Nature Preserve provides
habitat and land use diversity to the OOM watershed. Areas adjacent to the nature preserves
should be considered top priority acquisition or restoration to increase the effect that the nature
preserves provide to the OOM watershed.

Figure 15. Map of the Olin Lake Nature Preserve and other IDNR preserves in the
watershed.

2.9 Prior Studies

A variety of fisheries studies have been completed within or have included the OOM lakes.
These studies have varied from a carp removal experiment in Oliver Lake, the introduction of
Chinook salmon, the abundance and distribution of cisco, trout stocking programs, and general
fishery management reports. Studies involving water quality have also been completed by the
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Indiana Clean Lakes Program (CLP). Table 11 lists the prior studies that have been completed
within or involved OOM lakes.

Table 11. List of Prior Studies conducted within the OOM chain.

Year Organization | Topic Study/Report
1950 IDNR Fisheries Carp removal experiment at Oliver Lake
1950 IDNR Fisheries E:i]epopulatlon estimate and creel census of Oliver
1955 IDNR Fisheries Cisco distribution in Indiana lakes
1970- . . Chinook salmon introduction experiment in the
1972 IDNR Fisheries OOM lakes
1970- . .
1973 IDNR Fisheries Creel census
. . Distribution and abundance of the cisco in the
1973 IDNR Fisheries Elkhart River Watershed
1975 IDNR Fisheries A summary of cisco investigations 1971-1974
1979 IDNR Fisheries Creel census in OOM lakes from 1973-1977
1983 IDNR Fisheries Fish Management Report, Oliver, Olin, Martin Lakes
1986 IDNR Fisheries Spot check survey of Olin Lake
1990 IDNR Fisheries Trout Management Report
1990 IDNR Fisheries Creel census
1994 IDNR Fisheries Cisco distribution in Indiana lakes
1993, Water
2000, CLP Qualit Indiana Clean Lakes Program
2003,2006 y

3.0 STREAM ASSESSMENT

3.1 Stream Assessment Introduction

To better understand the transport of nutrients and other pollutants to the lakes of Oliver, Olin,
and Martin lakes from their watersheds, this study included an evaluation of the water quality at
four sampling sites, Dove Creek (Oliver Lake), Burt Hart Ditch (Oliver Lake), Truman Flint Ditch
(Martin Lake), and an unnamed tributary to Martin Lake. The water quality evaluation consisted
of the collection of water samples from the streams. These samples were analyzed for an array
of physical and chemical parameters and results of the analysis were compared to historical
data, state standards (if available), and other known measures of stream water quality.

The biological communities of the streams were also assessed to supplement the findings from
the physical and chemical parameter analysis. A stream’s biological communities (fish,
macroinvertebrates, and periphyton communities) tend to reflect the stream’s long-term water
quality. For example, streams that carry significant sediment loads on a regular basis tend to
support few or no stoneflies, since stoneflies are sediment-intolerant organisms. Evaluating the
biological community characteristics, such as species diversity and composition, helps
understand the stream’s water quality over a longer term than can be assessed with the
collection of only grab samples.

While a stream’s biota serve as a useful means for assessing the stream’s water quality, it is
important to remember that water quality is not the only factor that shapes a stream'’s biological
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community. Habitat quality, energy source, flow regime, and biological pressures (predation,
parasitism, competition, etc.) also affect a stream’s biological community composition (Karr et
al., 1986). For example, a stream fish community dominated by very tolerant fish does not
necessarily mean the water quality is very poor. Lack of appropriate spawning habitat or
changes in the stream’s hydrological regime could play a larger role in shaping the stream’s fish
community than water quality in some instances.

To provide a complete assessment of water quality of the streams, the study included the
collection of water chemistry and biological (macroinvertebrate) samples. Water quality
samples were collected twice, once during base flow or normal conditions and once following a
storm event, at the locations indicated in Figure 16 and Table 12. The biological community was
sampled during base flow conditions as required by standard protocol. Sampling occurred in
mid-summer to avoid the May and October macroinvertebrate diversity peaks. The in-stream
and riparian habitat along all stream reach was also evaluated to help in isolating which factors
are responsible for shaping the creek’s biotic communities. The following section outlines the
stream sampling methods in greater detalil.

Figure 16. Stream sampling locations within the Oliver, Olin, and Martin lakes watershed.
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3.2 Stream Assessment Methods

3.2.1 Water Chemistry

The water sampling and analytical methods used to assess the streams in the OOM lakes
watershed were consistent with those used by the IDNR’'s Lake and River Enhancement
Program. Stream sites were sampled under base flow conditions in the Olin, Oliver, and Martin
watershed (Table 12) on July 23, 2008. The LARE sampling protocol requires assessing water
guality of each designated stream site once during base flow and once during storm flow. This
is because water quality characteristics change markedly between these two flow regimes. A
storm flow sample will be influenced by runoff from the land, which usually contains soil and
associated nutrients. A base flow sample represents the ‘usual’ water characteristics of the
stream and does not include influences such as overland flow.

Table 12. Location of stream sampling sites.

Site | Stream Name Sampling Latitude Longitude
No. Location
1 Dove Creek CR 455S 41° 34’ 38.105” 85° 24’ 56.555”
2 Burt Hart Ditch CR 150E 41° 34’ 25.787" 85° 23’ 40.752"
3 Truman Flint Ditch Martin north 41° 34’ 10.150” 85° 22’ 32.312"
4 Unnamed Tributary Martin south 41° 33’ 18.507” 85° 22’ 4.825”

Conductivity, temperature, and dissolved oxygen were measured in situ at the stream sampling
sites with an YSI Model 85 meter. Stream water velocity was measured using a Marsh-
McBirney Flo-Mate current meter. The cross-sectional area of the stream channel at each site
was measured and discharge calculated by multiplying water velocity by the cross-sectional
area.

In addition, water samples were collected for the following parameters:
° pH

o total phosphorus (TP)

e soluble reactive phosphorus (SRP)

e nitrate-nitrogen (NOg)

e ammonia-nitrogen (NH4")

o total Kjeldahl nitrogen (TKN)

e total suspended solids (TSS)

o turbidity

e E. coli bacteria

These samples were placed in the appropriate bottle (with preservative if needed) and stored in
an ice chest until analysis at Indiana University School of Public Affair's (SPEA) laboratory in
Bloomington. SRP samples were filtered in the field through a Whatman GF-C filter. The E. coli
bacteria samples were taken to Sherry Laboratories in Warsaw, Indiana for analysis. All
sampling techniques and laboratory analytical methods were performed in accordance with
procedures in Standard Methods for the Examination of Water and Wastewater, 21st Edition
(APHA, 2005).

The comprehensive evaluation of streams requires collecting data on a number of different, and

sometimes hard-to-understand, water quality parameters. Some of the more important
parameters that were analyzed include:
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Temperature. Temperature can determine the form, solubility, and toxicity of a broad range of
agueous compounds. Likewise, life associated with the aquatic environment in any location has
its species composition and activity regulated by water temperature. Since essentially all
aguatic organisms are ‘cold-blooded’ the temperature of the water regulates their metabolism
and ability to survive and reproduce effectively (EPA, 1976). The Indiana Administrative Code
(327 IAC 2-1-6) sets maximum temperature limits to protect aquatic life for Indiana streams. For
example, temperatures during the month of May should not exceed 80 °F (23.7 °C) by more
than 3 °F (1.7 °C). June temperatures should not exceed 90 °F (32.2 °C).

Dissolved Oxygen (D.Q). D.O. is the dissolved gaseous form of oxygen. It is essential for
respiration of fish and other aquatic organisms. Fish need at least 3-5 mg/L of D.O. Cold-water
fish such as trout generally require higher concentrations of D.O. than warm water fish such as
bass or Bluegill. The IAC sets minimum D.O. concentrations at 6 mg/L for cold-water fish. D.O.
enters water by diffusion from the atmosphere and as a byproduct of photosynthesis by algae
and plants. Excessive algae growth can over-saturate (greater than 100% saturation) the water
with D.O. Conversely, dissolved oxygen is consumed by respiration of aquatic organisms, such
as fish, and during bacterial decomposition of plant and animal matter.

Conductivity. Conductivity is a measure of the ability of an aqueous solution to carry an
electric current. This ability depends on the presence of ions: on their total concentration,
mobility, and valence (APHA, 2005). During low discharge, conductivity is higher than during
storm water runoff because the water moves more slowly across or through ion containing soils
and substrates during base flow. Carbonates and other charged particles (ions) dissolve into
the slow-moving water, thereby increasing conductivity measurements.

Rather than setting a conductivity standard, the IAC sets a standard for dissolved solids (750
mg/L). Multiplying a dissolved solids concentration by a conversion factor of 0.55 to 0.75 umhos
per mg/L of dissolved solids roughly converts a dissolved solids concentration to specific
conductance (Allan, 1995). Thus, converting the IAC dissolved solids concentration standard to
specific conductance by multiplying 750 mg/L by 0.55 to 0.75 umhos per mg/L yields a specific
conductance range of approximately 1000 to 1360 umhos. This report presents conductivity
measurements at each site in pmhos.

pH. The pH of water is a measure of the concentration of acidic ions (specifically H*) present in
the water. The pH also determines the form, solubility, and toxicity of a wide range of other
agqueous compounds. The IAC establishes a range of 6-9 pH units for the protection of aquatic
life.

Alkalinity. Alkalinity is a measure of the acid-neutralizing (or buffering) capacity of water.
Certain substances, if present in water, like carbonates, bicarbonates, and sulfates can cause
the water to resist changes in pH. A lower alkalinity indicates a lower buffering capacity or a
decreased ability to resist changes in pH. During base flow conditions, alkalinity is usually high
because the water picks up carbonates from the bedrock. Alkalinity measurements are usually
lower during storm flow conditions because buffering compounds are diluted by rainwater and
the runoff water moves across carbonate-containing bedrock materials so quickly that little
carbonate is dissolved to add additional buffering capacity.

Turbidity. Turbidity (measured in Nephelometric Turbidity Units) is a measure of particles
suspended in the water itself. It is generally related to suspended and colloidal matter such as
clay, silt, finely divided organic and inorganic matter, plankton, and other microscopic
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organisms. According to the Hoosier Riverwatch, the average turbidity of an Indiana stream is
11 NTU with a typical range of 4.5-17.5 NTU (White, unpublished data). Turbidity
measurements >20 NTU have been found to cause undesirable changes in aquatic life (Walker,
1978).

Nitrogen. Nitrogen is an essential plant nutrient found in fertilizers, human and animal wastes,
yard waste, and the air. About 80% of the air we breathe is nitrogen gas. Nitrogen gas diffuses
into water where it can be “fixed”, or converted, by blue-green algae to ammonia for their use.
Nitrogen can also enter lakes and streams as inorganic nitrogen and ammonia. Because of
this, there is an abundant supply of available nitrogen to aquatic systems. The three common
forms of nitrogen are:

Nitrate (NO3") — Nitrate is an oxidized form of dissolved nitrogen that is converted to
ammonia by algae. It is found in streams and runoff when dissolved oxygen is present,
usually in the surface waters. Ammonia applied to farmland is rapidly oxidized or
converted to nitrate and usually enters surface and groundwater as nitrate. The Ohio
EPA (1999) found that the median nitrate-nitrogen concentration in wadeable streams
that support modified warmwater habitat (MWH) was 1.6 mg/L. Modified warmwater
habitat was defined as: aquatic life use assigned to streams that have irretrievable,
extensive, man-induced modification that preclude attainment of the warmwater habitat
use (WWH) designation; such streams are characterized by species that are tolerant of
poor chemical quality (fluctuating dissolved oxygen) and habitat conditions (siltation,
habitat amplification) that often occur in modified streams (Ohio EPA, 1999). Nitrate
concentrations exceeding 10 mg/1 in drinking water are considered hazardous to human
health (IAC 2-1-6).

Ammonia (NH;") — Ammonia is a form of dissolved nitrogen that is the preferred form for
algae use. It is the reduced form of nitrogen and is found in water where dissolved
oxygen is lacking. Important sources of ammonia include fertilizers and animal manure.
In addition, bacteria produce ammonia as a by-product as they decompose dead plant
and animal matter. Both temperature and pH govern the toxicity of ammonia for aquatic
life.

Organic Nitrogen (Org N) — Organic nitrogen includes nitrogen found in plant and
animal materials. It may be in dissolved or particulate form. In the analytical
procedures, total Kjeldahl nitrogen (TKN) was analyzed. Organic nitrogen is TKN minus
ammonia.

Phosphorus. Phosphorus is an essential plant nutrient, and the one that most often controls
aguatic plant (algae and macrophyte) growth in freshwater. It is found in fertilizers, human and
animal wastes, and yard waste. There are few natural sources of phosphorus to streams other
than what is attached to soil particles, and there is no atmospheric (vapor) form of phosphorus.
For this reason, phosphorus is often a limiting nutrient in aquatic systems. This means that
the relative scarcity of phosphorus may limit the ultimate growth and production of algae and
rooted aquatic plants. Therefore, management efforts often focus on reducing phosphorus
inputs to receiving waterways because: (a) it can be managed and (b) reducing phosphorus can
reduce algae production. Two common forms of phosphorus are:

Soluble reactive phosphorus (SRP) — SRP is dissolved phosphorus readily usable by
algae. SRP is often found in very low concentrations in phosphorus-limited systems
where the phosphorus is tied up in the algae themselves. Because phosphorus is

File No.070874.00 Page 34



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

cycled so rapidly through biota, SRP concentrations as low as 0.005 mg/L are enough to
maintain eutrophic or highly productive conditions in lake systems (Correll, 1998).
Sources of SRP include fertilizers, animal wastes, and septic systems.

Total phosphorus (TP) — TP includes dissolved and particulate phosphorus. TP
concentrations greater than 0.03 mg/L (or 30ug/L) can cause algal blooms in lakes and
reservoirs. The Ohio EPA (1999) found that the median TP in wadeable streams that
support MWH for fish was 0.28 mg/L.

While the United States Environmental Protection Agency (USEPA) has established some
nutrient standards for drinking water safety, it has not established similar nutrient standards for
protecting the biological integrity of a stream. The USEPA, in conjunction with the States, is
currently working on developing these standards. According to the USEPA (2008), the State of
Indiana is in the process of developing numeric water quality standards for total phosphorus,
total nitrogen, turbidity, dissolved oxygen, biological communities, and chlorophyll a for lakes
and streams by the end of 2010. The USEPA has issued recommendations for numeric nutrient
criteria for streams (USEPA, 2000b). While these are not part of the Indiana Administrative
Code, they serve as potential target conditions for which watershed managers might aim. The
Ohio EPA has also made recommendations for numeric nutrient criteria in streams based on
research on Ohio streams (Ohio EPA, 1999). These, too, serve as potential target conditions
for those who manage Indiana streams. Other researchers have suggested thresholds for
several nutrients in aquatic ecosystems as well (Dodd et al., 1998). Lastly, the IAC requires that
all waters of the state have a nitrate concentration of less than 10 mg/L, which is the drinking
water standard for the state.

Researchers have recommended various thresholds and criteria for nutrients in streams. The
USEPA’s recommended targets for nutrient levels in streams are fairly low. The agency
recommends a target total phosphorus concentration of 0.076 mg/L in streams (USEPA,
2000b). Dodd et al. (1998) suggest the dividing line between moderately (mesotrophic) and
highly (eutrophic) productive streams is a total phosphorus concentration of 0.07 mg/L. The
Ohio EPA recommended a total phosphorus concentration of 0.08 mg/L in headwater streams
to protect the streams’ aquatic biotic integrity (Ohio EPA, 1999). (This criterion is for streams
classified as Warmwater Habitat, or WWH, meaning the stream is capable of supporting a
healthy, diverse warmwater fauna. Streams that cannot support a healthy, diverse community
of warmwater fauna due to “irretrievable, extensive, man-induced modification” are, as
previously mentioned, classified as Modified Warmwater Habitat (MWH) streams and have a
different criterion.)

The USEPA sets aggressive nitrogen criteria recommendations for streams compared to the
Ohio EPA. The USEPA'’s recommended criteria for nitrate-nitrogen and total Kjeldahl nitrogen
concentrations for streams in Aggregate Nutrient Ecoregion VIl are 0.633 mg/L and 0.591 mg/L,
respectively (USEPA, 2000b). In contrast, the Ohio EPA suggests using nitrate-nitrogen criteria
of 1.0 mg/L in WWH wadeable and headwater streams and MWH headwater streams to protect
aquatic life. Dodd et al. (1998) suggests the dividing line between moderately and highly
productive streams using nitrate-nitrogen concentrations is approximately 1.5 mg/L.

It is important to remember that none of the threshold or recommended concentrations listed
above is a state standard for water quality. As previously mentioned, the State of Indiana is
developing numeric nutrient criteria for water quality in lakes and streams, which should be
available by the end of 2010 (USEPA, 2008). Only time will tell whether the State adopts the
USEPA recommendations, uses other recommendations from the OEPA or another state, or
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develops Indiana-specific standards. Until there are established state standards, recommended
or published criteria values presented here provide a frame of reference for the concentrations
found in streams in the OOM lakes watershed. The IAC sets only nitrate-nitrogen and
ammonia-nitrogen standards for waterbodies in Indiana. The IAC requires that all waters of the
state have a nitrate-nitrogen concentration of less than 10 mg/L, which is the drinking water
standard for the state. The IAC standard for ammonia-nitrogen depends upon the water’s pH
and temperature, since both can affect ammonia-nitrogen’s toxicity. The 2006 303(d) list of
impaired waterbodies listing criteria indicates that the IDEM will include waterbodies with total
phosphorus concentrations greater than 0.3 mg/L on subsequent lists of impaired waterbodies
(IDEM, 2006).

Total Suspended Solids (TSS). A TSS measurement quantifies all particles suspended and
dissolved in stream water. Closely related to turbidity, this parameter quantifies sediment
particles and other solid compounds typically found in stream water. In general, the
concentration of suspended solids is greater during high flow events due to increased overland
flow. The increased overland flow erodes and carries more soil and other particulates to the
stream. Although the State of Indiana sets no standard for TSS, total dissolved solids should
not exceed 750 mg/L. In general, TSS concentrations >80 mg/L have been found to be
deleterious to aquatic life (Waters, 1995).

E. coli Bacteria. E. coliis one member of a group of bacteria that comprise the Fecal Coliform
Bacteria and is used as an indicator organism to identify the potential for the presence of
pathogenic organisms in a water sample. Pathogenic organisms can present a threat to human
health by causing a variety of serious diseases, including infectious hepatitis, typhoid,
gastroenteritis, and other gastrointestinal illnesses. E. coli can come from the feces of any
warm-blooded animal. Wildlife, livestock, and/or domestic animal defecation, manure fertilizers,
previously contaminated sediments, and failing or improperly sited septic systems are common
sources of the bacteria. The IAC sets the maximum standard at 235 colonies/100 ml in any one
sample within a 30-day period or a geometric mean of 125 colonies per 100 ml for five samples
collected in any 30-day period. A study conducted by students at IU SPEA in the spring of 2000
found average fecal coliform levels of <200 colonies/100 ml in unglaciated, gravel-bottom
creeks in the Stephen’s Creek Watershed in Monroe County, Indiana (Klumpp et al., 2000). In
general, fecal coliform bacteria have a life expectancy of less than 24 hours.

3.2.2 Macroinvertebrates

Macroinvertebrate samples were used to calculate a macroinvertebrate index of biotic integrity
(mIBI). Aquatic macroinvertebrates are important indicators of environmental change. The
insect community composition can reflect water quality. Research shows that different
macroinvertebrate orders and families react differently to pollution sources. Indices of biotic
integrity are valuable because aquatic biota integrate cumulative effects of sediment and
nutrient pollution (Ohio EPA, 1995)

Macroinvertebrates were collected during base flow conditions on July 23, 2008, using the
multihabitat approach detailed in the USEPA Rapid Bioassessment Protocols for Use in
Wadeable Streams and Rivers, 2" ed. (Barbour et al., 1999). This method was supplemented
by qualitative picks from substrate and by surface netting. Two researchers collected
macroinvertebrates for 20 minutes; a third researcher aided in the collection for 10 minutes, for
a total of 50 minutes of collection effort. All available habitat types were sampled, which did not
include a riffle kick as no riffles were present at the sampled sites. The macroinvertebrate
samples were processed using the laboratory processing protocols detailed in the same
manual. Organisms were identified to the family level according to McCafferty (1983) and
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Peckarsky et al. (1990). The family-level approach was used: 1) to collect data comparable to
that collected by IDEM in the state; 2) because it allows for increased organism identification
accuracy; 3) because several studies support the adequacy of family-level analysis (Furse et al.,
1984, Ferraro and Cole, 1995, Marchant, 1995, Bowman and Bailey, 1997, Waite et al., 2000).

Macroinvertebrate data were used to calculate the family-level Hilsenhoff Biotic Index (HBI).
Calculation of the HBI involves applying assigned macroinvertebrate family tolerance values to
all taxa present that have and assigned HBI tolerance value, multiplying the number of
organisms present by their family tolerance value, summing the products, and dividing by the
total number of organisms present (Hilsenhoff, 1988). A higher value on the HBI scale indicates
greater impairment. In addition to the HBI, macroinvertebrate results were analyzed by applying
an adaptation of the IDEM miBI (IDEM, 1996). mIBI scores allow comparison with data
compiled by IDEM for wadeable riffle-pool streams. IDEM developed the classification criteria
based on five years of wadeable riffle-pool data collected from throughout Indiana. The data
were lognormally distributed for each of the metrics. Each metric’s lognormal distribution was
then pentasected with scoring based on five categories using 1.5 times the interquartile range
around the geometric mean. Table 13 lists the eight scoring metrics used in this study with
classification scores of 0-8. The mean of the eight metrics is the mIBI score. mIBI scores of 0-2
indicate the sampling site is severely impaired, scores of 2-4 indicate the site is moderately
impaired, scores of 4-6 indicate the site is slightly impaired, and scores of 6-8 indicate that the
site is non-impaired.
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Table 13. Benthic macroinvertebrate scoring criteria used by IDEM.

SCORING CRITERIA FOR THE FAMILY LEVEL
MACROINVERTEBRATE INDEX OF BIOTIC INTEGRITY(mIBI) USING
PENTASECTION AND CENTRAL TENDENCY ON THE LOGARITHMIC
TRANSFORMED DATA DISTRIBUTIONS OF THE
1990-1995 RIFFLE KICK SAMPLES
CLASSIFICATION SCORE

0 2 4 6 8
Family Level HBI >5.63 5.62-5.06 5.05-4.55 4.54-4.09 <4.08
Number of Taxa <7 8-10 11-14 15-17 >18
Percent Dominant | >61.6 61.5-43.9 43.8-31.2 31.1-22.2 <22.1
Taxa
EPT Index <2 3 4-5 6-7 >8
EPT Count <19 20-42 43-91 92-194 >195
EPT Count To
Total Number of | <0.13 0.14-0.29 0.30-0.46 0.47-0.68 >0.69
Individuals
EPT Count To <0.88 0.89-2.55 2.56-5.70 5.71-11.65 >11.66
Chironomid Count
Chironomid Count >147 146-55 54-20 19-7 <6

Where: 0-2 = Severely Impaired, 2-4 = Moderately Impaired, 4-6 = Slightly
Impaired, 6-8 = Nonimpaired

3.2.3 Stream Habitat

Physical habitat was evaluated using the Qualitative Habitat Evaluation Index (QHEI) developed
by the Ohio EPA for streams and rivers in Ohio (Rankin 1989, 1995). Various attributes of the
habitat are scored based on the overall importance of each to the maintenance of viable,
diverse, and functional aquatic faunas. The type(s) and quality of substrates, amount and
quality of in-stream cover, channel morphology, extent and quality of riparian vegetation, pool,
run, and riffle development and quality, and gradient are some of the metrics used to determine
the QHEI score which generally ranges from 20 to 100. Examples of the QHEI data sheet are
given in Appendix B.

Substrate type(s) and quality are important factors of habitat quality and the QHEI score is
partially based on these characteristics. Sites that have greater substrate diversity receive
higher scores as they can provide greater habitat diversity for benthic organisms. The quality of
substrate refers to the embeddedness of the benthic zone. Small particles of soil and organic
matter will settle into small pores and crevices in the stream bottom. Many organisms can
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colonize these microhabitats, but high levels of silt in a streambed can result in the loss of
habitat within the substrate, thus sites with heavy embeddedness and siltation receive lower
QHEI scores for the substrate metric.

In-stream cover, another metric of the QHEI, represents the type(s) and quantity of habitat
provided within the stream itself. Examples of in-stream cover include woody logs and debris,
aquatic and overhanging vegetation and root wads extending from the stream banks. The
channel morphology metric evaluates the stream'’s physical development with respect to habitat
diversity. Pool and riffle development within the stream reach, the channel sinuosity and other
factors that represent the stability and direct modification of the site are evaluated to comprise
this metric score.

A wooded riparian buffer is a vital functional component of riverine ecosystems. It is
instrumental in the detention, removal and assimilation of nutrients. Riparian zones govern the
quality of goods and services provided by riverine ecosystems (Ohio EPA, 1999). Riparian
zone and bank erosion were examined at each site to evaluate the quality of the buffer zone of
a stream, the land use within the floodplain that affects inputs to the waterway, and the extent of
erosion in the stream, which can reflect insufficient vegetative stabilization of the stream banks.
For the purposes of the QHEI, a riparian buffer is a zone that is forest, shrub, swamp, or woody
old field vegetation. Typically, weedy, herbaceous vegetation has higher runoff potential than
woody components and does not represent an acceptable riparian zone type for the QHEI (Ohio
EPA, 1989).

Metric 5 of the QHEI evaluates the quality of pool/glide and riffle/run habitats in the stream.
These zones in a stream, when present, provide diverse habitat and in turn can increase habitat
quality. The depth of pools within a reach and the stability of riffle substrate are some factors
that affect the QHEI score in this metric.

The final QHEI metric evaluates the topographic gradient in a stream reach. This is calculated
using topographic data. The score for this metric is based on the premise that both very low
and very high gradients in elevation will have negative effects on habitat quality. Moderate
gradients receive the highest score, 10, for this metric. The gradient ranges for scoring take into
account the varying influence of gradient with stream size.

The QHEI is used to evaluate the characteristics of a stream segment, as opposed to the
characteristics of a single sampling site. As such, individual sites may have poorer physical
habitat due to a localized disturbance yet still support aquatic communities closely resembling
those sampled at adjacent sites with better habitat, provided water quality conditions are similar.
QHEI scores from hundreds of segments around Indiana have indicated that values greater
than 64 are considered fully supporting of aquatic life use, scores between 51-64 are partially
supporting, and scores less than 51 are non-supporting (IDEM, 2002).

3.3 Stream Assessment Results and Discussion

3.3.1 Water Chemistry

Physical Concentrations and Characteristics

Physical parameter results measured during base and storm flow sampling of the inlet streams
of Oliver, Olin, and Martin Lakes (Site 1. Dove Creek, Site 2: Burt Hart Ditch, Site 3: Truman
Flint Ditch, Site 4: Unnamed Tributary) are presented in Table 14. Stream discharges measured
during base and storm flow conditions for all streams are shown in Figure 17. Storm flow
sampling occurred after a 2 inch (5 cm) rainfall event. Site 1 was not sampled at base flow due
to inadequate level of flow. Site 3 was not sampled at base flow due to inadequate flow velocity
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— although water was present in the ditch it was backed-up from the lake approximately 1000
feet (305 m) upstream from the designated sampling site. Comparison of base and storm flow
conditions within a sampling site will be limited to Sites 2 and 4 throughout the remaining portion
of the section. Information obtained from Sites 1 and 3 will be used to understand the storm
flow conditions of the streams they represent.

Table 14. Physical characteristics of the Oliver, Olin, and Martin lakes watershed stream
samplings on 7/09/08 (storm flow) and 7/23/08 (base flow).

Flow | Temp | D.O. D.O. Cond. TSS Turbidity

Site | Date Timing | (cfs) | (°C) (mg/L) | Sat. (%) | (umhos) | (mg/L) | (NTU)

1 7/9/2008 | Storm | 0.84 | 19.5 2.9 31.5 565 25.95 |5.2
7/23/2008 | Base -- -- -- -- -- -- --

5 7/9/2008 | Storm | 0.29 | 13.6 9.4 90.3 756 7.52 3.6
7/23/2008 | Base 0.24 | 13.8 10.0 96.2 709 54.07 | 16

3 7/9/2008 | Storm | 0.08 | 16.9 7.4 76.7 745 1240 |25
7/23/2008 | Base -- -- -- -- -- -- --

4 7/9/2008 | Storm | 5.33 | 16.7 8.6 87.7 634 12.61 |5.8
7/23/2008 | Base 0.58 | 12.8 8.7 78.2 627 5.41 2.9

Figure 17. Discharge measurements during base flow and storm flow sampling of Oliver,
Olin, and Martin lakes inlet streams.

Dissolved oxygen concentrations in the OOM streams ranged from a high of 10.0 mg/L (96.2 %
saturation) in Site 2 during base flow to a low of 2.9 mg/L (31.5% saturation) in Site 1 during
storm flow. Oxygen is usually at saturation in flowing water because the turbulence helps
equilibrate oxygen concentrations with the atmosphere, resulting in 100% saturation.
Supersaturated (>100%) result from intense photosynthesis which, in a stream, comes primarily
from periphyton (algae attached to rocks) and from rooted aquatic plants or from hyperaeration
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due to drop structures such as impoundments or waterfalls. Undersaturated (<100%) stream
water is indicative of excessive oxygen consumption, usually from biological oxygen demand
(BOD) or the amount of oxygen consumed by the respiration of stream microorganisms. None
of the site sampled displayed optimal oxygen saturation indicating high BOD in all sites.

Temperatures in the measured streams were either cooler or comparable during base flow
compared to during storm flow (Figure 18). Due to the small size of the sampled streams they
are most like fed by groundwater, which explains the lower temperatures during base flow as
opposed to storm flow. Groundwater maintains a relatively stable temperature of 52-57° F
(11.1-13.9° C) in northern Indiana.

Water Temperature

25

20 F—=

O Storm
O Base

15 -

10 1

Temperature ( °C)
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Figure 18. Water temperatures measured at Oliver, Olin, and Martin lakes stream
sampling sites during storm flow and base flow conditions.

Storm flow turbidity varied from site to site with base flow measurements at Site 2 ~7.1 times
higher during base flow than during storm flow (7.52 mg/L compared to 54.07 mg/L), while
turbidity at Site 4 was ~2.3 times less during base flow as it was during storm flow (5.41 mg/L
compared to 12.61 mg/L; Figure 17). The erosive force of storm runoff often washes soil and
other particulates from the land into streams, resulting in higher turbidity and NTU
concentrations. When we see lower storm flow turbidities, one of several things may be
happening: 1) The watershed might be relatively undisturbed, especially in the riparian zone,
limiting the availability of erodible materials, or 2) Pollen, phytoplankton, and/or localized
disturbances may cause temporary increases in base flow turbidities.

Similarly, Nephelometric Turbidity Units (NTU) concentrations usually increase with increased
stream flow because of instream scouring and inputs from overland flow from surrounding
lands. Sites 2 and 4 displayed the same relationship between timing and NTU. Site 2 had
approximately 4.5 times as much material during base flow as compared to storm flow, while
Site 4 had about half as much material during base flow as compared to storm flow. The high
level of development and agriculture at Site 2 as compared to Site 4 probably explains this
opposite relationship.
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Figure 19. Total suspended solids measured at Oliver, Olin, and Martin lakes stream
sampling sites during storm flow and base flow conditions.

Chemical and Bacterial Characteristics

As discussed in Section 3.2.1, there are no state standards for phosphorus and nitrogen
concentrations in streams. On the national or regional level, values vary and there is no
consensus on a standard value for a particular nutrient. In a recent study of 85 relatively
undeveloped basins across the United States (reference basins), the USGS reported the
following median concentrations: ammonia (0.020 mg/L), nitrate (0.087 mg/L), soluble reactive
phosphorus (0.010 mg/L), and total phosphorus (0.022 mg/L; Clark et al., 2000). These values
can be considered reference points of relatively healthy, naturally-functioning streams and
watersheds that can be compared to the streams and subwatersheds of the OOM lakes
watershed.

The State of Indiana does regulate the acceptable E. coli concentration in recreational water
bodies at 235 colonies/100 ml. The sampling streams are not suitable for recreation (Site 4 was
adjacent to a church and appeared to have a baptism pool excavated); however, we will use this
value for the purpose of comparison.

The chemical and bacterial characteristics are shown in Table 15. Except for two instances,
nutrient concentrations within the OOM streams exceeded these reference basin concentrations
with some parameters exceeding them by several orders of magnitude. Below is a more
detailed description of individual water quality parameter measured during the study. Most of
the data found in Table 15 will be repeated in graphic form as a way to provide a different way
to illustrate a pattern.

File No.070874.00 Page 42



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

Table 15. Chemical and bacterial characteristics of the Oliver, Olin, and Martin lakes
watershed stream samplings on 7/09/08 (storm flow) and 7/23/08 (base flow).

Alkalinity | NH3 NO3- | TKN TP SRP E. coli

Site Date Timing | pH | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (#/100 ml)

Reference Basins  (USGS

report) 0.02 0.087 0.01 0.022 | 235

1 7/9/2008 | Storm | 7.4 | 221 0.118 | 1566 |1.329 |[0.163 | 0.102 | 9200
7/23/2008 | Base - |- -- -- -- -- -- 64

5 7/9/2008 | Storm | 8.3 | 264 0.056 |2.176 | 0.442 |0.021 | 0.010* | 845
7/23/2008 | Base 8.3 |287.5 0.272 |16.483 |1.496 | 0.204 | 0.045 | 540

3 7/9/2008 | Storm | 7.5 | 273 0.070 |8.808 | 0.528 |0.064 | 0.047 | 6000
7/23/2008 | Base - |- -- -- -- -- -- 160

4 7/9/2008 | Storm | 8.2 | 309 0.025 |3.164 |0.861 |0.074 | 0.033 | 2700
7/23/2008 | Base 8.0 | 279 0.036 | 1.291 |0.400 |[0.037 |0.017 | 690

* Method Detection Limit

Alkalinity concentrations were typical of well buffered streams — evidence of the presence of
carbonates and other alkalinity-producing materials in the watershed’s bedrock. Alkalinity
ranged from 221 to 309 mg/L CaCOs;. Values for pH were on the alkaline side of neutrality,
ranging from 7.4 to 8.3.

The median nitrate concentration of wadeable streams found by the Ohio EPA to support
modified warmwater habitat (MWH) is 1.6 mg/L (Ohio EPA, 1999). Although all sites exceed the
USGS reference site nutrient loads, Site 1 storm flow and Site 4 base flow are within OEPA
criteria (Figure 20). Sites 2 and 3 exceed OEPA criteria by 2-5 times in both flow regimes.
During storm flow, Site 3 had the highest nitrate concentrations of the four streams. Heavy
agricultural usage upstream from all sites could contribute to the high nitrate concentrations.
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Figure 20. Nitrate concentrations at Oliver, Olin, and Martin lakes stream sampling sites
during storm flow and base flow conditions.

Small streams are typically well oxygenated because of the turbulent flow; therefore, ammonia
is usually oxidized to nitrate. However, the low gradient profile (less turbulence) and high
agricultural usage within the watershed suggest that there is a high BOD resulting in higher than
expected concentrations of ammonia (Figure 21).
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Figure 21. Ammonia concentrations at Oliver, Olin, and Martin lakes stream sampling
sites during storm flow and base flow conditions.
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Typically, storm flow concentrations of Total Kjeldahl Nitrogen (TKN) exceed base flow since
runoff liberates significant organic material stored within the stream and in riparian areas
adjacent to the stream. This occurred at Site 4; however, the base flow TKN concentration was
higher than storm flow concentration at Site 2 (Figure 22). The high base flow TKN
concentration at Site 2 could be related to the agricultural activity upstream.
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Figure 22. Total Kjeldahl nitrogren concentrations measured at Oliver, Olin, and Martin
lakes stream sampling sites during storm flow and base flow conditions. Reference
value of 0.591 mg/L comes from USEPA (2000b) recommendations.

Since phosphorus readily adsorbs onto soil particles and organic matter, eroded soil carried by
overland flow can contain a significant amount of phosphorus. Consequently, total phosphorus
(TP) concentrations typically increase during storm events in disturbed watersheds. This
occurred only at Site 4 (Figure 23). The narrow riparian zone and surrounding agricultural land
use likely contributed to this. Lower storm flow TP concentrations at Site 2 suggest less
availability of this nutrient and possible interception by the vegetated stream riparian zone.
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Figure 23. Total phosphorus concentrations measured at Oliver, Olin, and Martin lakes
stream sampling sites during storm flow and base flow conditions. The reference value
of 0.075 mg/L is the average recommendation from the USEPA (2000b) and OEPA (1999).

Six samples from the OOM streams exceeded the Indiana state E. coli standard for recreational
waterbodies, while two base flow samples were in compliance (Figure 24).
concentrations ranged from 64 col/100ml at Site 1 (base flow) to 9,200 col/100ml at Site 1
(storm flow). These high E. coli concentrations likely resulted from land use activities
associated with livestock and/or inadequate septic systems.
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Figure 24. E.coli concentrations measured at Oliver, Olin, and Martin lakes stream
sampling sites during storm flow and base flow conditions.

Chemical and Sediment Loading

While pollutant concentration data provides an understanding of the water quality at a given
time and the conditions to which stream biota are subjected, pollutant loading data provides an
understanding of how much actual pollutant (mass) is delivered to a downstream waterbody per
unit of time. For example, an inlet stream that has high pollutant concentrations does not
necessarily contribute the greatest amount of pollutants to its downstream lake. If the inlet
stream possesses a very low discharge (i.e. water flow), it likely does not transport as much
pollution to the lake as other inlets to the lake that have higher discharge levels might. Thus, is
it important to evaluate inlet streams’ pollutant loading rates to fully understand which inlet is
contributing the greatest amount of pollutants to a lake. This information is essential to
prioritizing watershed management.

Table 16 lists the chemical and sediment loading data for the OOM lakes watershed sites.
Figures 25 to 30 present mass loading information graphically. Loading rates were typically
higher during storm flow than during base flow conditions. This is to be expected as both
concentrations and water volume typically increase as overland flow increases.
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Table 16. Chemical and sediment load characteristics of the Oliver, Olin, and Martin lakes
watershed streams on July 9, 2008 (storm flow) and July 23, 2008 (base flow).

Nitrate | Ammonia TKN SRP TP TSS
Site Date Timing | Load Load Load Load Load Load
(kg/d) (kg/d) (kg/d) | (kg/d) | (kg/d) | (kg/d)
g“el— 7/9/08 Storm | 3.23 0.24 274 | 0.34 | 021 | 53.50
ove
Creek 7/23/08 Base -- -- -- -- -- --
Site 2 - 7/9/08 Storm | 1.50 0.01 0.36 | 0.006 | 0.02 5.48
Bert Hart
Ditch 7123/08 Base | 379 0.15 083 | 003 | 012 | 31.45
Site 3 - 7/9/08 Storm | 1.66 0.01 0.10 | 0.01 0.01 2.34
Truman
Flint Ditch 7/23/08 Base -- -- -- -- -- --
Site 4 - 7/9/08 Storm | 41.24 0.33 11.23 | 0.43 0.96 |164.33
Unnamed
Tributary 7/23/08 | Base | g 0.05 056 | 002 | 005 | 7.62
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Figure 25. Nitrate loads in the Oliver, Olin, and Martin lakes streams as sampled during
storm flow and base flow conditions.
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Figure 26. Ammonia loads in the Oliver, Olin, and Martin lakes streams as sampled
during storm flow and base flow conditions.
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Figure 27. Total Kjeldahl nitrogen loads in the Oliver, Olin, and Martin lakes streams as
sampled during storm flow and base flow conditions.
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Figure 28. Soluble reactive phosphorus loads in the Oliver, Olin, and Martin lakes

streams as sampled during storm flow and base flow conditions.
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Figure 29. Total phosphorus loads in the Oliver, Olin, and Martin lakes streams as

sampled during storm flow and base flow conditions.
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Figure 30. Total suspended solids loads in the Oliver, Olin, and Martin lakes streams as
sampled during storm flow and base flow conditions.

As expressed in Figures 25-30, Site 4 contributes the highest daily load for all sediment and
nutrient metrics during storm events followed by Site 1. Sites 2 and 3 appear to be contributing
little during storm events. Site 4 (unnamed tributary to Martin Lake) and Site 1 (Dove Creek)
have the largest watersheds of all the sampling sites and could account for this increased level
of nutrient and sediment loading.

3.3.2 Macroinvertebrates

The results of the macroinvertebrate analysis conducted at the OOM lakes stream sampling
sites is given in Table 17. Table 16 presents the mIBI scores as well as the individual
classification scores for each site. Macroinvertebrates were not collected at Sites 1 and 3 due
to lack of an inadequate level of flow. The mIBI scores for Sites 2 and 4 indicate impairment of
the macroinvertebrate community. Descriptions of the macroinvertebrate community sampled
at each site can be found in the site descriptions in Section 3.3.3.
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Table 17. Classification Scores and mIBI Score for each sampling site directly entering

Oliver, Olin, and Martin lakes watershed, 7/23/08.

Macroinvertebrate Metric Site 2 Site 4
HBI 6 6
No. Taxa (family) 2 4
Total Count (# individuals) 2 2
|% Dominant Taxa 0 4
EPT Index (# families) 0 0
EPT Count (# individuals) 0 4
EPT Count/Total Count 0 4
EPT Abun./Chir. Abun. 0 8
Chironomid Count 8 8
ImIBI Score 2.0 4.4

Where: 0-2 = Severely Impaired, 2-4 = Moderately Impaired, 4-6 = Slightly Impaired, 6-8 =

Nonimpaired

3.3.3 Stream Habitat
Table 18 displays the results of the habitat classification for the OOM lakes stream sampling

sites.

Following the table is a site-by-site description of particular characteristics that

contributed to the evaluation results. The Indiana Department of Environmental Management
considers QHEI scores less than 51 indicates poor habitat (IDEM, 2002). Three of the sites fall

well below this standard while only Site 4 exceeds it.

and lack of riffle habitat at these stream sites generally resulted in very few QHEI points.

Table 18. QHEI Scores for the OOM lakes stream sampling sites, 07/23/08.

The silty substrate, human development,

Site Substrate | Cover Channel Riparian Pool Riffle | Gradient | Total
Score Score Score Score Score | Score Score Score
Maximum
Possible 20 20 20 10 12 8 10 100
Score
Site 1 7 12 7 5.5 2.0 0 6 39.5
Site 2 5 10 10 55 0 0 8 38.5
Site 3 5 11 5 3.5 5 0 2 31.5
Site 4 12 15 13 7 9 2 8 66
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Oliver,Olin, and Martin Stream Sampling Site Descriptions

Site 1 - Dove Creek. Row crop agriculture and residential development were the landscape
features surrounding the stream site. The stream marked the boundary between two houses
south of CR 455. The houses appeared to be observing a 6 - 10 feet (1.8 - 3.0 m) un-mowed
buffer consisting of shrubs with some grasses along the creek, but large trees stabilizing the
bank were mostly absent. On the north side of the road, the field was planted with corn.
Instream cover at the site was sparse, one deep pool was present at the outlet of a drainage
culvert under the road but little flow was entering or exiting the pool at that time. There was a
great deal of woody debris in the creek, most likely because the creek lacked sufficient
discharge to remove it. Bank erosion was moderate. Channelization of the stream channel to
create and preserve the property boundaries in the past was apparent, but there was no
evidence of recent modification. Consequently, sinuosity and pool and riffle development were
low. The prominent substrate at the site was a mixture of sand, silt, and gravel with extensive
embeddedness. Site 1 scored poorly within the OOM watershed with a QHEI score of 39.5 out
of 100.

Site 2 - Burt Hart Ditch. Agricultural fields and residential yards were the prominent land use
characteristics at this stream site. The size of the riparian buffer was variable (0-100 or more
feet; 0 — 30.5 m), but the upstream extent was not more than 1,000 feet (305 m). Vegetation
located within the buffer was a young successional forest composed of trees and shrubs. The
stream contained moderate instream cover with a great deal of woody debris. Although
undercut banks were present in some places they did not appear to be stable for long periods
as bank erosion was high along both banks. The stream site sinuosity was low and riffles and
pools were absent. Channelization and bank maodifications had occurred downstream from the
sampling site where it passed under the road and entered the lake. Channelization had also
likely occurred without bank modifications to better define property boundaries. A mixture of
sand, silt, and muck were the dominant substrate types. This lack of quality substrate
contributed significantly to the low QHEI score of 38.5 out of 100 points. The mIBI for site 2 was
a 2.0 indicating that the stream was moderately impaired. Eighty-one percent of all the
macroinvertebrates collected were Amphipoda:Gammaridae, which is a family that is
moderately to highly tolerant of poor water conditions.

Figure 31. Example of the sampling Site 2, Burt Hart Ditch.
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Figure 32. Burt Hart Ditch at sampling Site 2.

Site 3 - Truman Flint Ditch. Open pastures and residential land were the prominent land use
features surrounding the stream site. The riparian buffer was absent on the right side of the
stream and narrow, between 16 and 30 feet (5 and 9 m) on the left side. Vegetation on the right
bank was comprised of tall grasses while the left bank was dominated by a steeper slope with
trees growing on it. Instream cover, except overhanging grasses, a few shrubs, and poorly
stabilized undercut banks was absent. The stream was still channelized and lacked sinuosity, as
a result, riffles and runs were also absent. The dominant substrate in the stream was silt and
muck with sand present in lower quantities. The channelization, poor cover and substrate, and
lack of riffles contributed to the low QHEI score of 31.5 points out of 100.

Site 4 - Unnamed Tributary. Urban lawn, row crop agriculture, and forest were the dominant
land use features at, upstream, and downstream from the site respectively. Fifty feet of the left
side of the stream and 20 feet (6.1 m) of the right side of the stream had been mowed to the
water's edge. Consequently, instream cover in these areas was nearly absent. The deep pool
appears to be manmade for use by the adjacent church in baptisms, although this pool is deep,
there is no overhanging vegetation shading or otherwise providing cover near the pool. Bank
erosion could be observed in the sections where vegetation had been removed. Downstream
from the site, was state forest land and the riparian zone were very wide and there was a large
amount of woody vegetation. Upstream and downstream from the site showed relatively good
sinuosity with decent pool and riffle development. The dominant substrate components were
sand and gravel which were moderately embedded. All categories scored fairly well with the
exception of riffle and substrate metrics — this resulted in the highest score in the watershed with
a QHEI score of 66 out of 100. The mIBI metric for this site was 4.4 which corresponds to a
ranking of slightly impaired. The macroinvertebrate community was again dominated (45%) by
the pollution tolerant family Amphipoda:Gammaridae. Indicators of good water quality, the
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pollution intolerant Ephemeroptera:Baetidae and Trichoptera:Hydropsychidae, in total
comprised about 47% of the macroinvertebrate community.

Figure 33. Site 4 - Unnamed Tributary at manmade pool

Figure 34. Site 4 - Unnamed Tributary looking downstream with researcher at sampling
site.

The Qualitative Habitat Evaluation Index (QHEI) is used as a screening tool for regional
variation in habitat quality (Rankin, 1989). The overall assessment of habitat quality for this
study of Oliver, Olin, and Martin chain of lakes indicates that, by IDEM’s standards, only one of
these streams is capable providing habitat which will support aquatic life. Sites 1-3 lacked key
elements of natural, healthy stream habitats, which in turn limits the functionality of these
ecological systems. The QHEI evaluations from these sites indicate that the streams are
lacking adequate substrate. Stream bottoms are dominated by silty materials that offer little
habitat for stream macroinvertebrates. In addition many of the streams are lacking sufficient
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pool and riffle development, and generally have poor in stream cover despite its presence in the
QHEI. The watersheds of these streams are composed primarily of agricultural fields, with
some residential development. This results in a riparian buffer incapable of sufficiently filtering
the agricultural runoff. The mIBI scores at Sites 2 (moderately impaired) reflect the poor silty
substrate and the mIBI at Site 4 (slightly impaired) reflects the higher quality sand and gravel
substrate.

Heavy sediment loading is an apparent factor in the degradation of the study sites; Site 2 in
particular has accumulated a considerable amount of silt. This sedimentation leads to extensive
substrate embeddedness which severely limits habitat diversity within the stream channel by
filling in gaps among rocks and gravel that benthic organisms would inhabit. This heavy
sediment loading is also reflected in the poor substrate scores of the QHEI evaluations. This,
again, is due to the heavy agricultural usage within the watersheds as well as the lack of
riparian buffer in most cases. The range of substrate scores was 5 to 12 out of a possible 20,
with all but one of the sites scoring below 7 (Table 18). Most of the sites show moderate
streambank erosion which can be a source for some of the sediment, however, the surrounding
land use most likely plays the dominant role in sediment loading.

Watersheds that are dominated by agricultural activity typically contain streams that have had
their stream channel morphology greatly manipulated through bank shaping, dredging, and
straightening. This puts to risk the integrity of the biological communities. Riffles and pools are
important habitats in streams that provide greater habitat diversity and thus, greater
macroinvertebrate and fish diversity. The lack of pool development is likely associated with land
use alterations, past stream channelization, and the heavy sedimentation. These combined
activities interfere with typical sorting of particles that forms both riffles and pools (Allen, 1995).

The OOM lakes watershed mIBI scores indicated slight and moderate impairment at the two
sites sampled (Table 17). Healthy streams contain a diverse community of both species that are
tolerant and intolerant to pollution. Streams which become impaired or polluted will tend to have
few intolerant organisms, and will be largely comprised of tolerant species. Within the metrics of
the miBlI, the Hilsenhoff Biotic Index (HBI) is calculated to rate the tolerance of the species
found. Individual Taxa are assigned values between 0 and 10 with O being least tolerant and 10
being the most tolerant (Hillsenhoff, 1988). The HBI scores were 4.5 at both sites indicating
that, while not dominated by pollution sensitive species, enough sensitive species can thrive
there. Therefore other indices will be more revealing as to the health of the stream.
Ephemeroptera, Plecoptera, and Trichoptera (EPT) represent “pollution sensitive” orders, and
their presence is often associated with healthy streams. Site 4 supported a total of 44 EPT in
two families while Site 2 contained only 1 individual. This difference in EPT species present
accounts for the difference in mIBI scores. This general lack of EPT taxa at Site 2 suggests the
presence of pollution, most likely the heavy silt load, in its watershed.

Along with suitable habitat in which to live, benthic communities also need sufficient water
quality. The Ohio EPA found degraded biotic communities to be present when median nitrate-
nitrogen concentrations exceeded 3-4 mg/L; base flow data should be used because base flow
conditions will represent the residual nutrient concentrations in the stream (Ohio EPA, 1999).
This would further explain the degradation of Site 2 vs. 4 since at base flow Site 4 had a nitrate
concentration of 1.3 mg/L while Site 2 had a concentration of 6.5 mg/L.

According to QHEI and mIBI scores, the northern watershed of the OOM lakes is moderately
impaired while the southern watershed (note only 1 stream) is only slightly to moderately
impaired. Only Site 2 was supportive of aquatic life by the QHEI standards set by IDEM. All of

File No.070874.00 Page 56



Oliver, Olin, and Martin lakes Diagnostic Study October 16, 2009
LaGrange County, Indiana

the mIBI scores recorded in the streams also indicate slight to moderate impairment based on
the macroinvertebrate assemblages. These scores indicate that there is excess sedimentation
in the watershed causing QHEI scores to be low.

4.0 LAKE ASSESSMENT

4.1 Morphology

A lake’s morphology can play a role in shaping the lake’s biotic communities. For example, the
OOM chain is characteristically deep, with steep drop-offs and few shallow areas and would
suggest the chain does not support an extensive rooted plant community. Based on Oliver, Olin,
and Martin Lake's water clarity, the littoral zone (or the zone capable of supporting aquatic
rooted plants) extends from the shoreline to the point where water depths are approximately
20.5, 19, and 17.4 feet (6.2, 5.8, and 5.3 m) respectively. This depth is determined using the 1
% light level metric or the depth at which only 1% of available surface light penetrates. Using the
depth-area curve (Figures 36, 39, and 41) the area able to support aquatic rooted plants within
Oliver, Olin, and Martin Lakes is 30, 24.5, and 28.6 % of the lakes surface area, respectively.
The size of the littoral zone can have an impact on other biotic communities in a lake such as
fish that use the plant community for forage, spawning, cover, and resting habitat.

A lake’s morphology can indirectly influence water quality by shaping the human communities
around the lake. The shoreline development ratio is a measure of the development potential of
a lake. It is calculated by dividing a lake’s shoreline length by the circumference of a circle that
has the same area as the lake. A perfectly circular lake with the same area as Oliver Lake
(391.9 acres or 158.6 ha) would have a circumference of 14,642.4 feet (4,463 m). Dividing
Oliver Lake’s shoreline length (29,200 feet or 8,900.1 m) by 14,642.4 feet (4,463 m) yields a
ratio of 2:1, which is relatively common for most lakes. Olin and Martin Lakes have a slightly
lower shoreline development ratio, 1.6 and 1.5, respectively, which is considered relatively low.
Oliver, Olin, and Martin are relatively round and lack extensive shoreline channeling contrasting
those ratios observed on other popular Indiana lakes such as the Barbee Chain and Lake
Tippecanoe in Kosciusko County. Given the immense popularity of lakes in northern Indiana,
lakes with high shoreline development ratios are often highly developed. Increased
development around lakes often leads to decreased water quality.

4.1.1 Oliver Lake

Oliver Lake is a medium-sized, deep lake with a surface area of 391.9 acres (158.6 ha), and
volume of 15,416 acre-feet (19,014,846 m°). Depth-area and depth-volume curves were
prepared for Oliver Lake using a bathymetric map (Figure 35) prepared by the IDNR Division of
Water in 1954 (IDNR, 1954). According to the depth-area curve (Figure 36), roughly 78.4 acres
(31.7 ha) of the lake is covered by water less than 5 feet (1.5 m) deep, while 172.4 acres (69.8
ha) is covered by water less than 20 feet (8.1 m) deep. This translates into a low shallowness
ratio of 0.20 (ratio of area less than 5 feet (1.5 m) deep to total lake area) and a moderate
shoalness ratio of 0.44 (ratio of area less than 20 feet (8.1 m) deep to total lake area) (Table 19)
as defined by Wagner (1991). Figure 36 shows that below 5 feet (1.5 m) Oliver Lake steadily
deepens to the maximum depth of 93 feet (28.3 m). The low slope of the curve from 0 — 5 feet
(0-1.5 m) indicates that there are shallows capable of supporting rooted aquatic plants.
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Figure 35. Oliver Lake bathymetric map. Source: IDNR, 1956.

Table 19. Lake characteristics for Oliver Lake.

Characteristic Value

Surface Area 391.9 acres (158.6 ha)

Volume 15,416 acre-ft (19,014,846 m3)
Maximum Depth 93 ft (28.3 m)

Mean Depth 40 ft (12.2 m)

Shallowness Ratio 0.20

Shoalness Ratio 0.44

Shoreline Length 29,200 ft (8,900.2 m)

Shoreline Development Ratio | 2.0
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Depth-Area Curve - Oliver Lake
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Figure 36. Depth-area curve for Oliver Lake

Figure 37 shows that volume gradually increases until about 70 feet (21.3 m) where after the
curve steepens indicating a greater change in depth per unit volume. Therefore, there is only a

very small volume of water deeper than 70 feet (21.3 m) in Oliver Lake.

Depth-Volume Curve - Oliver Lake
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Figure 37. Depth-volume curve for Oliver Lake

4.1.2 Olin Lake

Olin Lake is a small-sized lake with a surface area of 101.4 acres (41 ha), and volume of 3,949
acre-feet (4,870,889.3 m®). Depth-area and depth-volume curves were calculated for Olin Lake
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using a bathymetric map (Figure 38) prepared by the IDNR Division of Water in 1954 (IDNR,
1956). According to its depth-area curve (Figure 39), roughly 23.3 acres (9.4 ha) is covered by
water less than 5 feet (1.5 m) deep, while 53.7 acres (21.7 ha) is covered by water less than 20
feet (6.1 m) deep. This translates into a low shallowness ratio of 0.23 and a low shoalness ratio
of 0.53 (Table 20), as defined by Wagner (1991). Figure 39 shows that below ~7 feet (2.1 m)
Olin Lake steadily deepens to its maximum depth of 83 feet (25.3 m). The low slope of the
curve from 0 — 7 feet (0-2.1 m) indicates that there are shallows capable of supporting rooted
aguatic plants. The relative straightness of the curve indicat