'ER RESOURCE AVAILABILITY
HE LAKE MICHIGAN REGION,
ANA

=

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF WATER

1994




WATER RESOURCE AVAILABILITY IN THE
LAKE MICHIGAN REGION, INDIANA

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF WATER

Water Resource Assessment 94-4

Printed By Authority of the State of Indiana
Indianapolis, Indiana: 1994



STATE OF INDIANA
Evan Bayh, Governor

DEPARTMENT OF NATURAL RESOURCES
Patrick R. Ralston, Director

DIVISION OF WATER
John N. Simpson, Director

Project Manager: Judith E. Beaty
Editors: Judith E. Beaty, Rajindra Gosine, and Michael A. Smith
Cover Design: Ed Reynolds

Compilation and development of the final report was the primary responsibility of the
Basin Studies Section of the Planning Branch

For sale by Division of Water, Indianapolis, Indiana
Price $7.50



Professional and Technical Staff of the

Division of Water

John N. Simpson, P.E. Director
James J. Hebenstreit, P.E., Assistant Director - Planning
Michael W. Neyer, P.E., Assistant Director - Regulations
Kenneth E. Smith, P.E., Assistant Director - Engineering
Marcia S. Petty, Administrative Assistant

ENGINEERING BRANCH

Matthew R. Abriani, Water Planner

Dale F. Baker, Engineering Assistant

Tamara M. Baker, Water Planner

David B. Barnhill, Programmer

Andrew J. Birkle, Surveyor

Lanny J. Crawley, Surveyor

Brent M. Cripe, Surveyor

George W. Crosby, C.P.G., Engineering Geologist
Melanie R. Ellison, Hydraulic Engineer

Jeffrey S. Foreman, Draftsman

Mark P. Glazier, Surveyor

Jay A. Kemp, Surveyor

James R. Kirk, Surveyor

Rebecca A. Kuhr, Engineering Geologist

Jon E. LaTumer, P.E. Hydraulic Engineer
Raju Maharjan, Systems Analyst

Abbie G. McNabb, Draftsman

Rodney D. Neese, L.S., Surveyor

Sreedevi Racherla, Hydraulic Engineer

Edwin A. Reynolds, III, Information Specialist
Daniel W. Settle, Engineering Technologist
Timothy A. Shaffer, Draftsman

Emest H. Vandivier, Engineering Technologist
Edwin B. Vician, P.E., L.S., Hydraulic Engineer
Robert W. Wilkinson, L.S. , Surveyor

Charles D. Woodard, Draftsman

PLANNING BRANCH

Sheikh Mohammed Arshad Ali, Hydraulic Engineer
Shakeel Baig, Hydraulic Engineer

Dena C. Barnhouse, Hydraulic Engineer

Mark E. Basch, C.P.G., Engineering Geologist
Frederick K. Bayon, Engineering Assistant
Judith E. Beaty, C.P.G., Engineering Geologist
Jacqueline M. Bell, Water Planner

Phillip R. Bonneau, Engineering Geologist
William E. Bye, Engineering Geologist

Joel L.M. Cruz, P.E., Hydraulic Engineer
Stephen E. Davis, Water Planner

Dawn M. Deady, Grants Coordinator

Scott A. Dinwiddie, Engineering Assistant
Brian M. Garcia, Water Planner

Glenn E. Grove, Engineering Geologist
Robert J. Harris, Engineering Assistant
William C. Herring, Engineering Geologist
David B. Knipe, Hydraulic Engineer
Debra K. Lowe, Engineering Assistant
Randall D. Maier, Engineering Geolgoist
Gregory A. Main, Water Planner

Roy B. McClure, Water Planner

Jack L. McGriffin, Water Planner
Surender Sayini, Hydraulic Engineer
Peggy L. Shepherd, P.E., Hydraulic Engineer
Debra J. Smith, Water Planner

Michael A. Smith, Engineering Geologist
Terri C. Swoveland, Program Specialist

REGULATIONS BRANCH

Camileo L. Bagsby, Engineering Assistant
Matthew S. Baird, Hydraulic Engineer
George C. Bowman, P.E., Hydraulic Engineer
Steven M. Bradley, Hydraulic Engineer
Jomary Crary, Engineering Assistant

Jeffrey D. Dalton, Engineering Assistant
James J. Drouin, Engineering Asssistant
Anthony D. Foreman, Engineering Assistant
David M. Griffee, Hydraulic Engineer
Andrea S. Gromeaux, Environmental Scientist
John D. Hall, P.E., Hydraulic Engineer
Sherry A. Harris, Engineering Assistant
Janet L. Henderson, Engineering Assistant
Beth M. Hernly, Engineering Assistant

Amy S. James, Program Coordinator

D. Scott McClarney, Environmental Manager
Douglas L. McKinney, Engineering Assistant
Timothy R. Padgett, Engineering Assistant
Julie A. Perry, Hydraulic Engineer

Jessica J. Sasseville, Hydraulic Engineer
Hadi Yamin, P.E., Hydraulic Engineer
Jimmy N. Yee, Hydraulic Engineer



CONTENTS

Page
INTRODUCGTION.......ooiiiiietenttitttie st a st bt st et e bs st et s ses et e st s b a2 st e e a e saassanstetnasbennsennesseeseentessssnnenes 1
Background and apProaChi.........c.c it s b s 1
Purpose and scope..............
Previous investigations....
ACKNOWIBAEEIMENLS. ......ooneitiiiiiiiiie et ettt sttt s s e st e s e et e eesssasssssassbasbesnnenssnresreontesseenns sen
SOCIOECONOMIC SETTING.......ccoociiiintiiiiiiitiisieescentsrcrsersseesesstestessessesstessestnssssasastessassessassssssessesssssessesssssossssssssesesssasses 9
POPUIALION. .....eoviiiiiicictecerc ettt et et et s st et st e et er e R e R s et e be e et e s eneeseesae st be s et ansensansanean 9
Historic and projected POPUIAION..........coviciiimrerrnirteeniereceeesieestestee e st ss s e e se et e eee e e eesreseessasesassesneseeseraes 9
Economy........ccccvvvmeiiiiiiniineinnninneciinnns PO PO SO
Land Use.........ccoeceeeee.
Agricultural land.
Other land............

Water Use Overview.................

Lake and urban effects....
Precipitation......................
Temperature.............
Evapotranspiration............ccecceeevernvieiceninnnicnccereeennns
Climatic eXtIMES......coviiuirrrrarerecrreeereenrieeereeeeeesssaneesseenes
Geology
Sources Of ZEOIOZIC AtA...........cciiiiiiieiicctrceier ettt et e e ra e et sa s e beseese st esesnebesbasemeen
PhySIOZIAPIY ... ccoiiiiiiiiiitiitii ettt et s e st e st e s e se et e s be et e aa et e s seeenesrees e s tsase s e aneseeentenaenaens
The Valparaiso Morainal Area.....
The Calumet Lacustrine Plain......
Surficial geology......cccovvevvenveerevrrrennneen.
Valparaiso Morainal Complex...
Lake Border Moraine..........c......
Calumet Lacustrine Plain..........cccocoomnmniiinicnnicinnn,
Bedrock geology......coceiimerciiiiece e
Bedrock physiography.........ccccooeveriiiennnacn.
Bedrock stratigraphy and lithOIOZY........ccucicirircnmicniiiireneerereete ettt re e sb e s 38

Lake Michigan and its coast in INAIANA.......c.cocccericmerrirenierintr et ee st ese e s s s s s s saene e e snas
Natural ProCeSSEs......civuiiiiimricciriicict ettt
Lake-level fluctuations...........coeceeereeenmnreceenrinreeneeninansnens

Coastal processes and erosion...

Seasonal climate and EIOSION..........cccoueeieuiririeiitrrietrer et sttt s et e sear s snsaraas e e et s e sesesneseeresessessssassseennas

HUmMan INfTUENCE........oiiiiiitii e ettt e e et e b et cee e s e srestesseeatssesess st snasresseesaestaans

Structures perpendicular to the ShOTEHNE.........cccciviiiiiiiieecc et

Effects of shore-paralle]l man-made SIIUCLUIES..........c.cciererirreeerurieerereresieeeseesssseresrssessssesesseeseesessenensene 52
Erosion on the downdrift side of man-made SIUCIUTES.........ccoeiveercrrerereereeeeeete ettt eeeeee s ens 53
Shoreline management in INAIANA.........ccieiceirenieniiiee ettt e s et eme 56



Coastal Zone Management PrOraml..........cccooivimiiiiiiiiiiicccctccccc e s a s saa e 56

SURFACE-WATER HYDROLOGY ...coeotriiriiriiricicerietinreteiense st st s s st s sss st se s s b esae s s s e b besesnssansnnatsssnennssbanssennes 59
HiSLOTICAL PEISPECIIVE...coutiuririaiiiiiieretitt ittt ettt ettt bt E et e s e et et e b et e s s et et s E e e et e bt e e s n et s sieens 59

Early and recent NiSLOIY........cccoiieiiirniiiienniininece sttt .59

The Calumet RiVEr SyStemMi......ccccecriceiiricciiniiiiiiiienienie e ...60

Levees and flood CONIOL...........cccoiiiiiiiiiii ittt sttt aa e 61

The Little Calumet River Basin.. e reeeireeraseesaseeesssseessseeessseeessseassteeesseasisresssrenasseesarnenes 61
Major deVEIOPIMENLS. ....c..cciuiiicieiiceeiiitt et et bbb s s e e nesasnaebe b e s nas 62
TTAIL CLOEK eneneeeeeeeiiieeeee ettt eeeeetsesessssssssnnsnnsesesaraasassasassasssssssssasasssssttsbaeaaaaaseesasssesassssssesbarenenenneesanns 63
GAlENA RIVET....eeeiiiiieeeeeeceetieeeeeeeee e ettt eeeeareee e e s srtnaeeaaaensneeanaesnnnneeas eeererreeeeenae 64

SUITACE-WALET TESOUICTES. ..vveeeeurrrrtrerararersrreraereeaeeersneesssstesnatssssessatessiatsssnarsssstesssstnesssbessosastssterssiantssnnetssssssssesosssassanne 64
R Y1 Ta P OO PPN ....64
Inventory of basin Wetlands.........cccooiiiiiiiiiiimniic e ...64

Wetland protection programs.......... et ....68

;) =T OO OO USRS ...68
Lake Michigan and the Great Lakes System. ... 68

Sources of hydrologic data.................... ...69

Factors affecting Water SUPPLY......cccciiimimiiiiiicctc ettt b s e 71

(0311 gl U1 <= OSSOSO SRN 72

Lake-level fluctuations e .75

SEIAITIS..ee.veeeeeeieeaeeeereeeetereneee e e seeeeme e s e s sessntssansenns e oo ... 76
Sources Of Stream-flow data........cccoceiveeiciiiiiniii i e e s 76
Factors affecting stream flOW.........cccoiiimiiiiiiirie e e 79

Surface-water development potential..............cceeueeee. reerenene81
Lake Michigan and the other Great Lakes........coooiiiiiiiininiinniinisineinse e s nnes 82
Wetlands and 1aKES.......cccoiiiiiiiriiii it e e e e e res
Streams....cccovecvveceeeniccncnnnennn.

MEthodS Of ANAIYSIS...cerierrerteierieicirerrrt et bbb s n s n b 83
AVETAZE TLOW..eeiiiieiiceeire e bbb b e e b bbb an 83
Flow duration.. ...83
LOW flOWS..eirieiienieeic ettt e e e ...84
Hydrograph Separation.........cc..coccocecrcniiiiiiiiieis et st e e ern e 86
Average runoff of Lake Michigan Region..

Supply potential of streams..........ccococveeveiericninnene
Little Calumet River System....

Trail CreeK....cccooveeviiviinnnnnnn,

Flooding .
Flood-flow characteristics of the Lake Michigan Region........ccccovvininvinieciinnnniinininnnnns reeeeeereennre st sarenaarrnns 94
FIOOA fTEQUEIICY . ..veiiieiiiieteticitei ittt e s s s et e e et e st et e e et e et e st e e nae et e e e anssese s eressesaennas 95
Floodplain management......... et e e 95

Surface-water quality............... eeeete e e eas et te e 97
Historical OVeIrVIEW.....ococveeiemriicceecccnnrenisiinerernnannns e eeenteeaaee e e e e et e e ar et et e e E ettt aee e e a st e e e et e e e re e e nr e e bbee s sbaaean 97

Water-quality planning in northwest Indiana.........cc.oooiiiii 97

Current water-quality management efforts................ ... 101
The Northwest Indiana ACHON Plan..........cccociiiiiiiniiiiiiiiincree e e e 101
The Remedial Action Plan for the Grand Calumet River/Indiana Harbor Canal-Nearshore
Lake Michigan Area Of CONCEIM.......ccccoociiciiiiiniiiin it e a b en 101
The Lakewide Management Plan........c.c..oooiiiiiiiiiiiiiiiii e 102
The Great Lakes IMILIATIVE.. ... cceeeceriirieeiecereiticetsrrie s saa s s ae saat b aa s s san e b e s saae e 103
Trail Creek Watershed Management Plan... .104
Designated surface-water uses in Indiana............. ... 104
Water quality StAndards........cccoceeiriieiiiicciiie e e 106
Water-quality monitoring and data collection.... ettt s sae e 109
Stream quUality......cccoovieiiiiiiiinii e et 114
Sources Of data fOr ANALYSIS......ccccouieieeirieniri e e e 114

Seasonal variations in water QUAlLILY........cccccooiiiiiiiiniiinii s 114
Spatial variations in water quality
Additional aspects of stream QUALILY.......c.cccoiieimiininiiii e 117




DISSOIVEA OXYBON.ceiieciiiiieeeeirieeriinreeeeresereeesesseneessesssestassrssnmnrereasaseesensasassassssssnssnssemssnseesssssssssesnn 117

Toxic compounds... ORIt 122
Coliform bacteria.................... ... 123
Water quality and stream biology.......c..ccccocceeece ... 124
Fish and water quality........cccoovmvnniiicncncnnnnns ... 125

East Branch Little Calumet DiviSION........ccccoiviniriiiriiieieenieneeerecesesereisre e see s eeeeeas 126
Lake Michigan Basin DiVISION.........cccooiiiiimiiiiincir et se e reesaeeess e 127
Fish consumption adviSOTies.........c.covererciieieinieneesenietntecc et e e eseere e 127
Sediments and water quality.......cccooceccemreereconnanne ... 128
Dredging SEAIMENTS.....cc.coiiieiieieeieeee it eeter ettt et e et st e et e e rr e st e see e s beaeteeaaeenessrrestassrnas 130
Contaminated sediment remediation. . .......c.coocceeiriiierereniieiiene e eeiee e e s e s e e s et eaeebeseseeens 132
Lake quality......ccocoevvmiiiiiiiineiiiiiniinienicnin e, R 132
Lake Michigan........ccooiiiciiiiiiiciinirciinc e e reen e ee et ee st et e e enaeeas 132
Factors affecting water quality in Lake MiChigan........ccccoiiimimrinreinriininiinessnneecresienecvenseseee s 132
Sources of Lake Michigan water-quality data.........c.cccevevnirinninneeeiirceec et 135
Analysis of water quality in Lake Michigan...... ... 135

OLher LaKeS....uiiiciiiiiiiiiiiiiiiiiiiiii sttt et et e e e saeree st r e s aae s ea s e e s ebneeanrassebaeesatasnnns

Sources of lake-quality data............ccooiiiiiiiiiieeerie ettt e eans

Assessment of lake quality....

WO LaKE....oveciiiiitiiiniiiniitii ittt ettt see st st see e e e s st e snnasaesbanes
GROUND-WATER HYDROLOGY ......coiviiiiiuiniiiiiiiitiiitiniitoiieseenienesstieessstenssemeassesserssrsensessassesss ssessessensassansessesssssesans 145
GTOUNA-WALET TESOUICES...cieuriiiiruriirereieirtsisateiineesiiessinttaeseteesisstsenneetateseesmessanessastteassetsssoressssstrassserassesasteressssssssnsesars 145
Ground-water levels............ ....146
Piezometric surface... e eie et e et e et et e e et e st e s b aes sneeernneeanee 146
AQUITET SYSEEINIS ...ttt et e et e e e c e et e e e e e e eesen s e se e e e mee bt e e besese s sab et e et e e nasaaeeanrasraaaasaesabenseesatessesrbasnnas 149
Unconsolidated aquifer SYSIEIIS..........coiiiiiiiiriicciiciee e ree e e e e et ettt e e st ee et e st e s e e srssaesbeesnesanansen 149
Valparaiso Moraine Aquifer System................ ... 149

Valparaiso OQutwash Apron AqQUIfer SYSIEIM.......c.ccocciciiiiiiiiiririiiiiiitiseiesiesirreesieeeserrseerseeres sereseeesseesnean 151

Kankakee Aquifer System...... wrresrrrneniseennssescenns 132
St. JOSEPh AQUIET SYSLEIM.....cccieiomeciiiicieerceiettreesteeetseertesteteut s s etes st reeesentesanssatesssstassenteseessensesensenrenren 152
Lacustrine Plain AQUIfer SYSEIML......c.cooiiiiiiiiic ettt ee e sbesressae s e e s e 153
Calumet Aquifer System.........ccouvvviivininiiiennens ...153
Bedrock Aquifer Systems.........cccocooriiiiiiciicicnnnnnicnnn. ....154
Silurian-Devonian Carbonate Aquifer System.... ...154
Devonian Shale AQUITET...... ..ottt e et s e e st srenebeenr s 155
Ground-water development POIENTIAL ........cieiiiiiiciiicieic ettt e e reere st e s sttt eesre s seneeessressseestsesnbsssnsnesnensen 155
Transmissivity........ccccccevenconninnnns ... 156

Recharge.............. e e eeeeeefeeeeeieaceierieerieseeteseesestesaetiaateiateietesaeasteeteasnnereenanneres 159

Ground-Water QUALIEY.......oceviiriiiiniiiiiiinc ittt ettt e st eer et e set e e st et s e et et e e e st e s e saaetsernennnneenes 159
Sources of ground-water quality data................. ....160
Factors in assessment of ground-water quality...... ....161
Analysis of data.........ccccoocviiiinnniiiceeee e ...161

Trilinear diagram analysis......... .163
Assessment of ground-water qUAality........c..ccooeociiniiriicinenieneccte et ... 166
Alkalinity and pPH.......ocoiiieeee et Lerreerenre e sen e e nenes 166
Hardness, calcium and mMAagneSilmL........ccccocevirrciicriienir e nirreenreseeernnesee e e e essreresesessstssseessesanees 166
Chloride, sodium and potassium......... ....168
Sulfate and SUIfIde...... ..ottt sttt sae e erees 170
FIUOTIAR. ..ottt sttt et n e st e bt st e sae e e e e s ensaateabsesabrnnenneeaean 172
Iron and manganese......... e e 172
Nitrate-nitrogen.............. PO OO 174
Total dissolved solids..........ccccooovierverniennene. e ...176
Ground-water CONtAMINALION. ......cccerreemtrriereernireeetrienieessesaeseestesaassesassnsssessenses ...176
Ground-water sampling StUdies.........ccooeiiiiiicrirrceiiccecrnre e . 177

Susceptibility of aquifers to CONtAMINALION.........cccrceeriereeriectrieeerierteite et res e sba b ses s ernene 181
Protection and management Of Zround-WateT TESOUICES.........cccevuraiereereerearerararesrereessraseserssesssnsseessssessasnen 182



WATER RESOURCE DEVELOPMENT .......cccoiviiiiiiiiittc ettt st st bt sns s s sns 185

Water use and PrOJECHONS. .......cccoiiiiiiiiiiiiiii it e b s s e asssat e b e st s abesressanssate e 185
WILRATAWAL USES...ccuuuiiiiiiiiriiiiitiic et s s e a e e s e s b e s e m b e san s s smsesenns 185
Region overview........ccccoovveveneennen. BT PPPOUPPUPPPRRRTTTOR 186

Registered facilities................... eeeenreaas 186

Industrial self-supplied.... e 186

ENergy Production..........cocceciiiiroiiienireeee et cs e s ee s et e e e s e s enee e smeesnsembneen 189
PUDBLIC SUPPLY ..ot e e e 190
Agricultural........cooocevienicniiiieniee e et eeee e 192
MISCEIHANEOUS. ..o et be bbb b e e s e e e e e s e sae e e eemeanan 192
NON-TegIStEred USE CALEZOTIES.....cerreimririieireernteercenreeeser e s e e e e sae s eeeasre s e s e e e semresea e e aaneare s esemeeneesenan 192
Domestic self-supplied........ e eeeeeeeeeeereeeeereeseesteeeeeebe et aebe et e st et e et n e e ae e ae s 192

Instream USesS.........ccceevrecrncecciuneniunenns ... 193
Surface water development...... rereereraseeeeer—ereaareraaerreaennn 194
Lake Michigan.................. et et ae e ae e 194

LimitatiOns ON USE....cueivrimmiieiiiiiiiiicieci s r s e s r e s e s s s s s n e s sae s s aa s s bs e s n e s s e s ba s ba e ... 194
DAVETSIONS....c.oviiiiiiiiitiiiiiiiittit e et et oo s e bbb e b e s st s bbb e asebs s s bt et e i 194

COoNSUMPEVE USE....coeieiirieeiiciie et e S RN 194

Impact of diversions and consumptive use on Great Lakes Water.........cccoovcerecrcereccenerencnnencecenns 195

Legal and political constraints

Wetlands and 1aKes..........ccoccoiiiiiiinii e e e
Streams.........cccceveeenn
Stream rights......
Ground-water development
Ground-water TIZRES........coociiiiiiiiii i e ee e e e e s e ae st e eates

SUMMARY ...t bbb e e b e s e s R e e E e e RS e a e S e eE R e e e st s s et e b e e e ns 199

SOCIOECONOMIC SELLIME. ....cooviiiiiiitiiiiiiiiie ettt st e e e e s em e e e et e e s e e s ar e s e eemeeesaee sae s meenneseaeraresenennnn
Physical €NVITONMEIL.......ccoiovuiiiiiiiiiiiii e et a s s sas e st e s saate s bsssntssasetssoneennntasannns
Coastal ENVITOMMENE. ...........oiiiiiiiii it rr e e oo c e ee e e e e e e e e e oe e e s e e e ame s s e s meenane s s e e aneneeeareeresmneersenaren
Surface-water hydrology....
Surface-water quality.........
Ground-water hydrology....
Ground-water quality.............
Water use and projections.......

Water 1resource deVEIOPIMENL.........ccoiiiuiiiiiiiicic et e sns b nt s b sbeeabe s sbees 206

L6 00 L L (OOt 209

SELECTED REFERENCES........coooiiiititimiiii et st s e s ea e n s b e b e e b s a e s s 215

APPENDICES ...ttt st b s et a s e RS ea e R s R e sa e e ab st b a s e ne e 227



Plates

Figures

W N =

O B W

10-11

12
13-22

23
24
25-26

27-28

29-31

32-36

37
38-40

ILLUSTRATIONS

Page
Generalized piezometric surface of unconsolidated aQUIfers..........c..evuoeeeeererrvvseerennreesreennen. In Pocket
Unconsolidated and bedrock aquifer systems...............cccconn.... .... In Pocket
Locations for ground-water chemiStry ANALYSIS.............cccrvevvereeomserereeeesereeessereseeeeeesesessoesoeesona In Pocket

Map showing location of Indiana water management basins and status of water availability

TEPOTES ..ottt et a e st s e s e bt et e m e e st e e s bansee et essee saesstessreentaes et enneesenentsrseeteeenesses
Schematic showing major components of hydrologic cycle....
Diagram showing factors influencing water availability..........
Map showing location of Lake MicChigan ReZiON........cov.eovimioicreeneeeeeeeeereeeeoeeees e
Graphs showing:
5 Historic and projected in-basin POPUIALION. ........cececeecviveiteeceereeeeee e e
6  Recent and projected population for selected cities and towns
7 Unemployment rate for in-basin COUNLES.........oo.uveveeeeeeeeeeeeeeeeereeeesesereseeseseeeeeses s
8  Per capita income for in-basin counties
9  Employment and earnings by employment sector for in-basin counties............c..oo............... 13
Maps showing:
10 Counties which benefit directly or indirectly from Burns International Harbor .................. 14
11 Land use and 1and COVET.........cccommimomimmreieceiectete e tes s reneses

Diagram showing percentage of registered water use by category
Maps showing:
13 Location of National Weather Service stations and mean annual snowfall in and near

the Lake Michigan Basil...........cccooeivimmiereeciinccetecsceeeee et steseseeeses e ees st 22
14 Extent of major ice lobes in Indiana during the Wisconsinan glaciation........ccoceveecereennnnen. 29
15  Physiographic regions Of INGIANA...........c.cooevueieecmcmeeeeeeeeeeee e e e 30

16 Major physiographic fEALUIES ...........c.ooeiviceeceeeiviiceree oo eseeees e ee e oo 32
17 Surficial Geology......cccovivvvevreiverenanan, e e e e s ne e e e e aaee 33
18  Thickness of unconsolidated AEPOSILS...........o.c.oeeeeeeereeremeeeeereseemeees e 35

19 Regional Bedrock SLIUCIUTE.........coovieiuiiienieitreacecesteieeeece et seeees s es e ses e oo 38

20  Bedrock topography................ s 39

21 BEAIOCK ZEOIOZY.....c.coeuieitiiriririrenaeeteeeteest et eeeeeeeeesesteee e e s et eeee e s e se et oo e s 41

22 Location of major soil assoCiations................ceceeevereeeeversrerernnn, e 43
Representative profile across Lake Michigan Coastal AT€a............cooceoreeoomemerossmooososeosoosooooonn 48
Schematic of wind set-up and reSUltNG EIOSION..............iveeeeecmrcreeereeeeeresreeeees oo oo 49
Maps showing:

25  Net direction of littoral transport, Lake Michigan ShOTEHNE...........o...oveeveoooovooooooooo 50

26 Location of five littoral cells along the Lake Michigan shoreline in Indiana........................ 52
Diagrams showing:

27  Shore-perpendicular structure impact on the ShOTElinNe.........ovveoveveoovoeooeooeooeoeoooooooe 53

28  Shore-parallel structure impact on the ShOrEliNe.........oovoveeeeveeeeeoeeeeeooeoeoooooooooooo 53
Maps showing:

29 LoCAtion Of WEHANMS..........oeeeveeeremrisrentectieeseesceeseeeeeeeseeeeeeeessesees e eese e eeeeeeese e

30 Location of Great Lakes.....................

31  Location of stream-gaging stations
Graphs showing:

32 Variation of mean monthly runoff, precipitation, and teMPperature. ..........cocevereeienreceecennranes 79
33 Duration curves of daily mean stream flow for Deep River at Lake George outlet,

Salt Creek at McCool, and Trail Creek at Michigan CREY s 80
34  Relation of average annual discharge at continuous-record gaging stations to total

ATAINAZE BICA...cuitveeeitiiei ettt eee s st s e s ee e e tee e e 84
35  Frequency curves of annual lowest mean discharge for indicated number of consecutive

days for Trail Creek at Michigan City and Salt Creek at McCOOL..........voooveeooooooeo 85
36 Example of stream-flow and base-flow hydrographs

Map showing selected stream-flow CharaCteriStCs. ........oemuvvvesusveoveeeemeesseoeooo
Graphs showing:
38  Duration curves of daily mean stream flow for gaging stations of Trail Creek and selected
tributaries of Little Calumet River............ccooovevveemnnnnn.., Attt 91



39  Relation between drainage area and 10-year flood discharge for Trail Creek and selected

tributaries of Little Calumet RIVET....coocooiiiiiiereiiccriiiiiinie e tisse e e e ease s 94

40  Relation between drainage area and 100-year flood discharge for Trail Creek and selected
tributaries of Little Calumet RIVEI.....ccccoieveiimrriiriciiiiiiene ettt e e renen s 94
41  Map showing location of surface-water quality stations in the Lake Michigan Region......ccccoeeevvne. 111

42-48  Graphs showing:
42  Seasonal median dissolved oxygen at selected StAtiONS..........ccocouieeeniiiicnniiceerenncncsines
43  Seasonal median temperature at selected stationms................
44  Seasonal median specific conductance at selected stations
45  Statistical summary of selected water-quality constituents for selected stream momtormg

SEALIOTIS « e eevveerseeseessrereeeseessesereaseeaseesseaeraeeessssteersarasesnsrsersssras st aasassbessanstansesteantasnneseensennes 119
46  Percent of monthly samples at selected stations which violate dissolved oxygen
TEQUITETIIETIES. .. v evveeeereresisssssascarasenasasassasassss s o s s s s st e RSO eRs b s bbb 118
47  Statistical summary of selected water-quality constituents for selected Lake Michigan
MONIEOTING STALIOMS. .....evecurierviieiririster e sttt st ss et b s sa s 137
48  Median monthly dissolved oxygen values for selected Lake Michigan monitoring
SEALIOMIS. .. e veeeeoveerssrearsseeesareesaataeaesmeeseasstosssssissssasesssseeeaesbae e s s st e e s s e e aa st e e eabttesaaeeasasseenaantssas 139
49  Schematic showing aquifer types and ground-water movement ... 145
50 Map showing location of ObSErvation WellS.......ocmiiiniiiniiiier 147
51-52  Graphs showing:
51  Comparison of river stage, precipitation, and water-level fluctuations in a confined
AQUITET. .1t ree ettt 148
52  Comparison of river stage, precipitation, and water-level fluctuations in an unconfined
AT+ ecemeeeien e ettt ettt e e e 148
53  Schematic showing generalized cross sections of unconsolidated aquifer SyStems..........cccooveeeiinens 150

54-55  Maps showing:
54 Regional estimates of aquifer FANSISSIVILY........oierimiininimmmnininiiet e
55 Estimated recharge rates of unconsolidated aquifer systems..
56  Schematic showing explanation of box-and-whiSker PlOtS...... it
57-66  Maps showing:
57  Generalized areal distribution of alkalinity in ground water from unconsolidatd aquifers

and statistical summary for alkalinity in ground water from all aquifer systems................. 167
58  Generalized areal distribution of hardness in ground water from unconsolidatd aquifers

and statistical summary for hardness in ground water from all aquifer systems.................. 167
59  Generalized areal distribution of chloride in ground water from unconsolidatd aquifers '

and statistical summary for chloride in ground water from all aquifer systems................. 169
60 Generalized areal distribution of sodium in ground water from unconsolidatd aquifers

and statistical summary for sodium in ground water from all aquifer systems.................... 169
61 Generalized areal distribution of sulfate in ground water from unconsolidatd aquifers and

statistical summary for sulfate in ground water from all aquifer SySIEMS........coevriirivnnnen. 171
62  Generalized areal distribution of fluoride in ground water from unconsolidatd aquifers

and statistical summary for fluoride in ground water from all aquifer systems.................. 171
63  Generalized areal distribution of iron in ground water from unconsolidatd aquifers and

statistical summary for iron in ground water from all aquifer systems.........c.cocvcueivrrinnns 173
64 Generalized areal distribution of manganese in ground water from unconsolidatd aquifers

and statistical summary for manganese in ground water from all aquifer systems............... 173
65 Generalized areal distribution of nitrate in ground water from unconsolidatd aquifers

and statistical summary for nitrate in ground water from all aquifer systems.............cceveeene 175

66 Generalized areal distribution of total dissolved solids in ground water from
unconsolidatd aquifers and statistical summary for total dissolved solids in ground
water from all aquifer SYSLEIMS.......coeviveeiremririteesee ettt e 175
67 Diagram showing capability and withdrawal of registered water use by Calegory........coeirsrenremsecoce 186
68 Map showing location of registered withdrawal faCIHLES........oovrmmimiitiimimiemrits e 187
69 Graph showing variation of MONthly WALET USE........ccooimiimmmmmiitiiiniii e 190




Table

Appendix

OO R WN =

[EE—
— OO0~ AW -

—
[\

—
w

TABLES

Page
Area of Indiana counties within the Lake Michigan Region........ccooieiiiiiiiiicceeeene 5
Selected land use data for farmland...........cociiiviniiiiiini e 17
Area of timberland...........ccovveeiiiiniiii e .18
National Weather Service stations in and near the Lake Michigan Region...... .23

Normal monthly, seasonal and annual precipitation for the period 1951-80...........

Normal seasonal maximum and minimum temperatures for the period 1951-80....
Mean monthly pan evaporation at South Bend and Valparaiso..........cccccocciciinnc ...28
Man-made land along the shoreline of Lake Michigan...................... .51
Estimated number and area of wetlands.............ccooociiiiiniininn. .67
Selected data for major 1aKes...........ccccooiiiniininiiin s 73
Stream ZAgiNg SLALIONS.....cocoviiimiiiiiiiiieis ittt et e e et e s s b e s s b e e b b et e s e be s e neeaans 78
Average runoff of subareas within the Lake Michigan Region..........c.oooiiiiiciniinccieenee 87
Stream-flow characteristics at selected continuous-record gaging Stations.........cc...ceceveervcercnens .88
Community participation in the National Flood Insurance Program for major region counties............ 96
Designated uses and use support status of selected streams in the Lake Michigan Region...... ... 105
Use-specific surface water standards in IRiana..........c.coveieiiiiiineiiieeiiieecceceeeseseeens 106
IDEM water-quality stations in the Lake Michigan Region........ccoccooiiiiiciencnicenneenennns ... 108
Stream-quality monitoring stations with radiation measurements -Lake Michigan Region..... ... 110
Stream-quality data from USGS gaging stations - Lake Michigan Region..........cocvnieiinincinnnen. 113
Attributes of Index of Biotic Integrity (IBI) classification, total IBI scores, and integrity classes...... 126
Summary of active and discontinued observation Wells..........ccocoierrceenieeniiicinnieriree e 147
Hydrologic characteristics of unconsolidated aquifer SYStEMS.........c.cccoeverieenenerecrnerreeeeeieeneneees 152
Summary of registered water-use during 1990.........c.cciiiiiiiiie e e 189
Projected annual water use for industry and public SUPPLY......cccoiciiiiiirnninciecrrneee e 191
Public water supply facilities and type of water use during 1990...........cccoiiiiiiiirinicnennereeene 191
Estimated recreation participation by local residents of the region.........cococovviicvnicnicnncinnnnne, 193
APPENDICES

Page
Historic and projected county and in-basin pOPUlAtion...........ccoieeeiierriiirenieeri e eenas 228
Land- use for the Lake Michigan ReZIOMN......c.ccoiiiiiiiiiiiiiie e 229
Geologic column from surface of Valparaiso Moraine to Precambrian basement.........cccccceecereernrnens 230
Erosion and accretion conditions along Indiana’s coastline..........c.ccoeevercvecrnnrernnns ...231
Description of wetland protection programs...........cocccceerernecercenacas ..236
Standards and suggested limits for selected inorganic constituents.... ....238
Statistics of selected constituents for streams and lakes.................... ...239
Summary of fishery surveys on selected streams and lakes. .. 241
Results of chemical analysis from selected water WellS.......ccocevveericervircineece vt 242
Piper trilinear diagrams of ground-water quality data for major aquifer systems.........cccceecerceevinvneen 252
Statistical analysis of calcium, magnesium, and potassium in ground water of the major aquifer
SYSEEIIIS. c.cveeereeerereessesanseseensesesesesesesasasesasesasesesesasesssasesssesssanssasass st et et et e et e sesasesssssnsnsstesasetensebassrnnraen 254
Statistical analyses of ground water within and outside the boundary of the Indiana Dunes National
LaKeSOTE. ..o et e s e s e s e e saeenene 255



MAJOR ACRONYMS AND ABBREVIATIONS

DOW Division of Water

IDEM Indiana Department of Environmental Management
IDNR Indiana Department of Natural Resources

IGS Indiana Geological Survey

Ic International Joint Commission

ISBH/ISDH Indiana State Board of Health/Indiana State Department of Health
NOAA National Oceanic and Atmospheric Administration
NWS National Weather Service

USDA U.S. Department of Agriculture

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

USACE U.S. Army Corps of Engineers

bg billion gallons

cfs cubic feet per second

°F degrees Fahrenheit

I.C. Indiana Code

m.s.L. mean sea level

gpd gallons per day

gpm gallons per minute

MCL maximum contaminant level

mg million gallons

mgd million gallons per day

mg/L milligrams per liter

ml milliliter

SMCL secondary maximum contaminant level

sq. mi. square miles

SELECTED CONVERSION FACTORS

Multiply By To obtain
AREA
Acres 43,560 Square feet
0.001562 Square miles
VOLUME
Acre-feet 0.3259 Million gallons
43,560 Cubic feet
FLOW
Cubic feet per second 0.646317 Million gallons per day
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WATER RESOURCE AVAILABILITY
IN THE LAKE MICHIGAN REGION, INDIANA

INTRODUCTION

Water is a vital resource which greatly influences
Indiana’s socio-economic development. Ground-wa-
ter and surface-water supplies serve a diversity of
human needs, ranging from non-withdrawal uses such
as instream recreation to large water withdrawals.for
public supply, industry, power generation and agricul-
ture. Demands on the water resource are expected to
increase as Indiana’s economy and population contin-
ue to grow. Effective management of the water re-
source is possible only through a continuing assess-
ment of the interactions between water availability and
use.

BACKGROUND AND APPROACH

Issues concerning water supply and use in Indiana
historically have been addressed on a case-by-case
basis. The need for a comprehensive approach to
conservation and management of Indiana’s water re-
source led to the 1983 enactment of the Water Resource
Management Act (I.C. 13-2-6.1).

Under this legislative mandate, the Natural Resourc-
es Commission must 1) conduct a continuing assess-
ment of water resource availability, 2) conduct and
maintain an inventory of significant withdrawals of
surface water and ground water, and 3) plan for the
development and conservation of the water resource
for beneficial uses.

The legislation further mandates the continuing in-
vestigation of 1) low stream-flow characteristics,
2) water use projections, 3) the capabilities of streams
and aquifers to support various uses, and 4) the poten-
tial for alternative water supply development.

The Indiana Department of Natural Resources, Divi-
sion of Water, serving as the commission’s technical
staff, is achieving these legislative directives through
ongoing investigations of water resource availability,
water use, and conflicts involving limited water supply
or competing uses.

Although conflicts between supply and demand
typically are of a local nature, ongoing assessments of
water availability and use are being conducted on a
regional scale using the 12 water management basins
designated by the Natural Resources Commission (fig-
ure 1).

A drainage basin, or watershed, is defined by the land
surface divide that separates surface-water runoff be-
tween two adjoining regions (figure 2). A basin encom-
passes all of the land that eventually drains to a
common river.

One disadvantage of using a drainage divide as the
boundary of a water management unit is the potential
oversight of factors that influence water resource is-
sues but are located geographically outside of the
basin. On the other hand, the basin approach allows
local conditions or problems to be evaluated as parts of
a unified hydrologic system. This integrated approach
to a basin’s water resource stems primarily from a
recognition of the interrelated elements of the hydro-
logic cycle (figure 2), a continual exchange of water
between the atmosphere and earth.

A comprehensive assessment of a basin’s water
resource requires an understanding of the socioeco-
nomic setting, physical environment and hydrologic
regime (figure 3). The complex interactions among
these natural and manmade factors define the avail-
ability of a suitable water supply, which subsequently
influences urban and industrial expansion, economic
and agricultural development, and population growth.
The water availability reports prepared by the Division
of Water address these interactions in an attempt to
comprehensively assess the water resource and its
potential for further -development.

PURPOSE AND SCOPE

This report describes the availability, distribution,
quality and use of surface water and ground water in the
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Figure 1. Location of Indiana water management basins and status of water availability reports

Lake Michigan Region, Indiana (figure 4). The fourth
in a series of 12 regional investigations (figure 1), the
report is intended to provide background hydrologic
information for persons interested in managing or
developing the region’s water resource.

The Lake Michigan Region in Indiana is predomi-
nantly urban and is one of the state’s most heavily
populated and industrialized areas. It has been de-
scribed as the area having the greatest concentration of
iron and steel mills and electric-generating facilities in
the world. The Region also maintains one of the largest
refineries in the United States. The highly developed
industrial/urban complex is served by major transpor-
tation networks including rail systems, interstate and
local highways, and the St. Lawrence inland water
navigation system. Yet, the Region also contains hun-
dreds of acres of natural areas including wetland,
woodland, and dune and swale ecosystems.

The eastern shore of the Lake Michigan Region,

2 Water Resource Availability, Lake Michigan Region

where the Indiana Dunes State Park and Indiana Dunes
National Lakeshore have preserved much of the dune
and wetland areas, provides a sharp contrast to the
western urban/industrial complex.

Four Indiana counties lie partly within the Lake
Michigan Region (table 1). The largest city within the
Region is Gary, in Lake County. Other major popula-
tion centers, including Hammond and East Chicago,
coalesce with Gary to form a nearly continuous urban
environment along the western shore of Lake Michi-
gan.

The study region is bounded on the north by Lake
Michigan and the Michigan state line; on the west by
the Illinois state line; and on the south by the crest of
the Valparaiso Moraine (figure 4). About 2 percent of
Indiana’s land area lies within the Lake Michigan
Region.

The Lake Michigan Region, as defined in this study,
encompasses a total of approximately 604 sq. mi.
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Water that falls to the earth as precipitation follows many paths
on its way back to the atmosphere. Precipitated water may be

intercepted and taken up by plants; it may infiltrate the soil, it may
be stored in small depressions, wetlands and lakes; or it may flow

over the land surface to a nearby stream channel.

'

AT

EVAPOTRANSPIRATION

|

WETLAND — =

; Some of the water used by plants returns to the atmosphere
; through the process of transpiration. Some of the water in streams,
/ ’,gAS'N lakes and soils returns to the atmosphere through the process of

,,\,\\
i
o P
B
3

————

evaporation.

Precipitated water that is not taken up by plants, evaporated, or
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Figure 2. Major components of Hydrologic cycle

Most of the streamflow leaving the Region to enter
the state of Michigan eventually reaches Lake Michi-

(square miles) of land in northwest Indiana and approx-
imately 241 sq. mi. of Lake Michigan. The Region, as

it exists today, forms a portion of two separate major
drainage basins. Of the total area in the Region, about
81 percent (489 sq. mi.) is drained by streams that flow
directly into the Indiana portion of Lake Michigan. The
remaining 115 sq. mi. or 19 percent is drained by
streams that flow either into the state of Illinois or
Michigan.

gan. However, little if any, of the streamflow leaving
the Region to enter the state of Illinois reaches Lake
Michigan. The latter travels through the Mississippi
River Basin and into the Gulf of Mexico (figure 4).
Streams of the Région include the Little Calumet,
Grand Calumet, Galena, Trail Creek and an extensive
network of smaller tributary streams and ditches. Sur-

face drainage within the Lake Michigan Region is quite
complex. The natural hydrology has been altered con-
siderably because of modification of the landscape,
urbanization and industrializaton of the Region.

Although the Lake Michigan Region drainage sys-
tem covers parts of two drainage basins in three states,
this report examines only the Indiana portion unless
otherwise indicated. In general, discussions apply to
in-basin portions of Lake, Porter and LaPorte Counties,
which constitute 99.5 percent of the study area (figure
4, table 1).

Unless otherwise noted, data in this report are com-
piled only for areas lying within the study boundary.
However, some economic, land use and agricultural
information are for entire counties.

The information presented in this report should be
suitable as a comprehensive reference source for pub-
lic and private interests including governmental, agri-
cultural, commercial, industrial, and recreational.
However, the report is not intended for evaluating site-
specific water resource development projects. Persons
involved in such projects should contact the Division

Figure 3. Factors influencing water availability
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Region

of Water for further information.

The contents of the report follow the generalized
scheme shown in figure 3. An overview of the popula-
tion, economy, land use, and categories of water use is
followed by a discussion of climate, geology and soils.
The report then describes the Region’s surface-water
and ground-water hydrology, including water quality.
The final section of the report summarizes current and
potential water use, and examines areas of past or
potential conflicts between water demand and avail-
able water supply.

Because the report is written for a wide spectrum of
readers, key technical words within the text are itali-
cized the first time they appear, and where appropriate
thereafter. Brief definitions are given in the glossary.
An appendix includes data tabulations and illustrations
which supplement the information found within the
body of the report.

4 Water Resource Availability, Lake Michigan Region

Figure 4. Location of Lake Michigan Region
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Water-use information presented in this report was
derived from data compiled by the Division of Water
on a continuing basis. Water-well records and other
data on file at the division were used to define the
hydrogeologic conditions of the basin.

Field investigations conducted by the Division of
Water and the Indiana Geological Survey between
1986 and 1988 provided additional data on the geology
and ground-water quality of the basin. A series of
gamma-ray logs and test borings in areas of sparse
geologic data were conducted in order to better define
the Region’s geology and the hydraulic characteristics
of surficial materials. The collection and analysis of 25
water-well samples yielded information on ambient
ground-water quality throughout the study region.

The remainder of the information in this report was
derived, summarized or interpreted from data, maps
and technical reports by various state and federal



Table 1. Area of Indiana counties within the Lake
Michigan Region

Total In-region  Percent of

area area total region
County (sq mi) (sq mi) area
Lake 501 266 44.0
LaPorte 600 138 22.9
Porter 419 197 32.6
St. Joseph 459 3 0.5
Total 1979 604 100

agencies. Specific sources of data are referenced with-
in the report. A list of selected references is included at
the end of the report.

PREVIOUS INVESTIGATIONS

Because published and unpublished documents re-
lating to the Lake Michigan Region in Indiana and
Illinois are so numerous, only the primary sources used
to prepare this report are discussed below. These
primary documents and other major references are
cited at the end of the report. Additional sources of
information are listed within these cited references.

The first attempt in the Region to systematically
collect and record all available information on the
water resource in Lake and Porter Counties was pub-
lished by the Lake-Porter Regional Transportation and
Planning Commission (1970, revised in 1971). The
water resource inventory includes summaries of water
uses and sources, water quality programs and sampling
results, summaries and outlines of related planning
studies, and an extensive bibliography. The Northwest
Indiana Regional Planning Commission (1976) pre-
pared a regional plan for Northwest Indiana which
includes a description of the region’s water resource,
population and economic base and sets forth a compre-
hensive plan for future development. Major compo-
nents of the plan are land use, housing, and economic
development. The Great Lakes Basin Commission
(GLBC) in 1975 and 1976 published a Great Lakes
Framework Study which encompassed the Lake Mich-
igan Region. The GLBC study includes a framework
study report, 25 appendix volumes and an environmen-
tal impact statement. The framework study was devel-
oped to provide an information base, identify prob-

lems, and determine future needs for the Great Lakes
Basin; it includes surveys of the physical, biological,
social and political resources which make up the Great
Lakes Basin. A report by the Governor’s Water Re-
sources Study Commission (1980) assessed various
aspects of water availability and use for 18 planning
and development regions in the state of Indiana. The
Lake Michigan Region lies primarily in one of these
planning and development regions. Topics addressed
in the 1980 report include flood hazard mitigation, land
use, soil erosion, sedimentation, water supply, water
quality, drainage, irrigation, fish and wildlife habitat,
and outdoor recreation.

The geology and ground-water resources of several
Indiana counties lying wholly or partly within the
Region are addressed in a series of reports by the
Indiana Department of Natural Resources and the U.S.
Geological Survey (Rosenshein, 1961, 1962, 1963;
Rosenshein and Hunn, 1962a, 1968a, 1968b). Maps
and reports by the Indiana Geological Survey describe
the surficial and bedrock geology of northwestern
Indiana (Wayne 1956,1958,1963; Pinsak and Shaver,
1964; Lineback, 1970; Schneider and Keller, 1970;
Doheny and others, 1975; Gray, 1982, 1983, 1989;
Droste and Shaver, 1982, 1983; Shaver and others,
1986; Gray and others, 1987; Thompson, 1987). Var-
ious aspects of geology which are important to environ-
mental planning were presented by Hartke and others
(1975) for Lake and Porter Counties and by Hill and
others (1979) for LaPorte County. A regional ground-
water assessment was compiled by the Northwestern
Indiana Regional Planning Commission (1981).

The U.S. Geological Survey (USGS) and the Nation-
al Parks Service have been studying the hydrology and
hydrochemistry of Indiana Dunes since 1973. The first
study of the National Lakeshore was a general assess-
ment of both surface- and ground-water quality through-
out the Lakeshore (Arihood, 1975). A more detailed
study of surface-water quality, of both biological and
chemical characteristics, was done by Hardy (1984).
Much of the USGS work was done in the area around
Cowles Bog National Natural Landmark, a S6-acre
tract at the western end of the Great Marsh. Several
studies were initiated to assess the potential for chang-
es in the water table and ground-water quality caused
by seepage from fly-ash settling ponds and from de-
watering for excavation (Marie, 1976; Meyer and
Tucci, 1979; and Gillies and Lapham, 1980; Hardy,
1981; Cohen and Shedlock, 1986; Wilcox and others,
1986; and Shedlock and others, 1987). In 1988, Ban-
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aszak and Fenelon discussed water quality in a thin
water-table aquifer adjacent to Lake Michigan within
a highly industrialized region of Indiana, and Watson
and Fenelon described the geohydrology of the same
aquifer. A preliminary analysis of the shallow ground-
water system in the vicinity of the Grand Calumet
River/Indiana Harbor Canal was provided by Watson
and others (1989). In 1992, the geohydrology and
hydrochemistry of the unconsolidated aquifer system
at the Indiana Dunes National Lakeshore and the
surrounding area are described by Shedlock and others,
and the geohydrology and water quality of the Calumet
Aquifer in the vicinity of the Grand Calumet River/
Indiana Harbor Canal are discussed by Fenelon and
Watson (1993).

The quality of the environment in the heavily indus-
trialized Northwest Indiana has been the focus of a
number of studies and planning efforts over the past
several decades. Summary tables and a brief descrip-
tion of major environmental studies and sampling
projects are presented by the Indiana Department of
Environmental Management (IDEM), 1988b. The
IDEM report also includes an extensive bibliography
and a detailed description of known contamination
sites and potential contamination sources.

The U.S. Environmental Protection Agency (US
EPA) has funded-a number of initiatives to identify,
understand, and mitigate environmental problems in
the region. One initiative was a four-phase ground-
water strategy study for Lake and Porter counties
prepared by the Indiana State Board of Health (1983b).
A Master Plan for Improving Water Quality in the
Grand Calumet River and Indiana Harbor Canal was
developed by the U.S. EPA (1985a). More recent
initiatives include: a Northwest Indiana Environmen-
tal Action Plan (IDEM, 1987); a draft Northwest
Indiana Environmental Action Plan/Area of Concern
Remedial Action Plan, IDEM (1988b); the Stage One-
Remedial Action Plan (RAP) for the Indiana Harbor
and Canal, the Grand Calumet River, and the Near-
shore Lake Michigan, IDEM (1991); and the Stage
Two- RAP: Water Quality Component (1993).

The surface-water hydrology of the Region has been
addressed primarily by the U.S. Army Corps of Engi-
neers (USACE) and the Indiana Department of Natural
Resources (IDNR), especially in regard to acute flood-
ing problems in the Region. In 1948, the U.S. Army
Corps of Engineers was directed by Congress to study
the flooding problems along the Little Calumet River
drainage system. A report by the USACE in 1965

6 Water Resource Availability, Lake Michigan Region

identifies areas subject to flooding along the Little
Calumet River and its tributaries. The IDNR contract-
ed with Horner and Shifrin (1968) to provide discharge
hydrographs at various points along the Little Calumet
River and its tributaries in Indiana and to also include
information on the low flow, flow duration and flood
frequency characteristics of the Little Calumet River
and its tributaries. The IDNR (1971a) published a
summary report on hydrologic data for the Little
Calumet River and tributarties for use in flood plain
management. In 1973, the U.S. Army Corps of Engi-
neers published a series of reports describing flood-
plain information on numerous streams and ditches
including Deep River, Turkey Creek, Hart Ditch, and
Cady Marsh Ditch. An engineer’s report and final
environmental impact statement were also prepared by
the USACE in 1973 which defined Little Calumet
flood control options; supplemental information was
added in 1984. The Little Calumet River Basin Com-
mission (1976) published a summary of publications
and studies related to flooding along the Little Calumet
River.

Crawford and Wangsness (1987) define the stream-
flow and water quality of the Grand Calumet River in
Lake County, Indiana and Cook County, Illinois during
October 1984.

The Chicago and Calumet Rivers were diverted from
the Lake Michigan watershed by the construction of
the Sanitary and Ship Canal (Main Canal) in 1900 and
the Calumet-Sag Channel in 1922. Cooley, (1913)
prepared an early brief of facts and issues concerning
the diversion of waters of the Great Lakes. The Chicago
Diversion resulted in numerous legal actions, the ear-
liest which culminated in the Supreme Court decision-
Sanitary District of Chicago v United States, 161
U.S.405 (1925) which allowed the Secretary of War to
issue diversion permits. Keifer and Associates (1978)
performed a study to determine flows crossing the Lake
Michigan diversion boundary line at the Grand Calu-
met River in Hammond, Indiana and the Little Calumet
River at Munster, Indiana. An evaluation of flow
measurements and accounting methods for the Lake
Michigan diversion was prepared by Harza Engineer-
ing Company in 1981. A manual of procedures for
Lake Michigan diversion accounting was prepared by
the Northeastern Illinois Planning Commission (1985).
The latter publication also has a bibliography of legal
actions related to the Chicago diversion. Espey and
others (1987) prepared, for the U.S. Army Corps of
Engineers, the findings of a committee for review of



diversion flow measurements and accounting proce-
dures for the Lake Michigan Diversion. The Espey
publication includes a narrative on the history of the
diversion, including a discussion on the most recent
U.S. Supreme Court amendment (1980) to the diver-
sion permit.

As aresult of high water levels on the Great Lakes in
the 1950°s, the U.S. House of Representatives request-
ed the U.S. Army Corps of Engineers (1965¢) to
determine the feasibility of measures to prevent the
recurrence of damages related to high lake levels.
Extremely high lake levels recurring in the early
1970’s generated additional concern. A report was
presented to the International Joint Commission (IJC)
by the International Great Lakes Levels Board (1973)
concerning potential changes in regulation plans at
existing regulatory sites on the lakes as a means of
alleviating problems caused by high lake levels. The
Great Lakes Basin Commission in their Great Lakes
Basin Framework Study, devoted an appendix to dis-
cussion of Great Lakes levels and flows (1975b). In
1981, the International Great Lakes Diversion and
Consumptive Use Study Board examined effects of
consumptive use and diversions on water levels and
flows of the Great Lakes Basin. Record high lake levels
occurring in 1985 and 1986 resulted in a series of
studies and publications concerning Great Lakes water
levels. Bixby (1985) prepared, for the Center for the
Great Lakes, an overview of Great Lakes Water levels.
The U.S. Army Corps of Engineers (1985) prepared a
publication about Great Lakes water level facts. Brief-
ings were held by the Corps and the International Joint
Commission (1985) with Senators and representatives
of the Great Lakes basin states concerning water levels
of the lakes. The Great Lakes Commission (1986)
published a report concerning water level changes and
factors influencing the Great Lakes. A recent investi-
gation has been undertaken by the International Great
Lakes Levels Board-International Joint Commission at
the request of the United States and Canadian govern-
ments to examine and report on methods of alleviating
the adverse consequences of fluctuating water levels in
the Great Lakes-St. Lawrence River Basin using the
most up-to-date techniques and information. Phase I of
the IJC investigation, a progress report, was completed
in 1989. Phase II, which produced a final recommen-
dations document, was completed in 1993.

Shoreline erosion in the Indiana Coastal Zone has
been addressed primarily by the Indiana Department of
Natural Resources and the U.S. Army Corps of Engi-

neers. A fairly comprehensive summary of studies
preceeding 1979 was prepared by the Indiana Depart-
ment of Natural Resources (1979b). More recent stud-
iesinclude U.S Army Corps of Engineers (1982}, Davis
and others (1981), Wood and Davis (1986), and Wood
and others (1988).
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SOCIOECONOMIC SETTING

The demand for water in the Lake Michigan Region
is directly linked to the area’s population, economy and
land use. Industrial processes create the greatest total
demand for water in the Region. Water requirements
also are high for energy production. Moreover, large
quantities of water are needed in and near highly-
populated urban centers for public supply. In rural
areas, water is needed primarily for domestic and
agricultural uses.

POPULATION

In 1990, the estimated population of the Lake Mich-
igan Region (607,424) constituted nearly 11 percent of
Indiana’s total population (5,544,159). The in-basin
portions of Lake, LaPorte and Porter Counties each had
at least 65,000 residents in 1990, with Lake County
accounting for almost 72 percent of the Region’s
population.

About 86 percent of the Region’s total population in
1990 lived in urban areas of at least 2,500 persons.
Fifteen of the 21 urban areas in the Region had popu-
lation totals of 10,000 persons or greater. Gary and
Hammond, the Region’s largest cities, had populations
of 116,646 and 84,236, respectively. The remainder of
the Region’s residents in 1990 lived in rural areas,
which are defined by the U.S. Bureau of the Census as
non-urban farm and non-farm areas of less than 2,500
persons.

Historic and projected population

Historic and projected population totals for in-basin
portions of the four counties comprising the Lake
Michigan Region are presented in appendix 1. The
appendix also includes population values for entire
counties and for urban areas within the Region. In-
basin population values were derived by using county,
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Figure 5. Historic and projected in-basin population of the three most populous counties
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township, and urban area U.S. Bureau of Census data.
Figure 5 illustrates the historic and projected popula-
tion changes for the in-basin portions of the Region’s
three most populous counties Lake, LaPorte, and Por-
ter. These three counties comprise 99.98 percent of the
population for the Region.

Since 1910, there has been a 5-fold increase in total
population for the Lake Michigan Region (figure 5 and
appendix 1). The most rapid increases in population for
the Region occurred during the 1950’s and 1960°s.
After reaching a peak in the early 1970’s, the total
population in the Region began to decline and is
expected to continue to decline for the next two de-
cades. Of the three most populous counties in the
Region, only Porter County has a population which

continues to grow, while Lake County experiences the
greatest decline in population (10 percent) since 1980.
The primary loss of population in the Region has been
in the urban areas in northern Lake County (appendix
1). Of the 21 urban areas in the Region, more than one-
half of the towns or cities have experienced population
declines since 1980, with New Chicago, Gary and East
Chicago experiencing the greatest percentage of de-
cline in population. Schererville, St. John, Dyer and
Valparaiso had the greatest percentage increases in
population for the same time period. Figure 6 illus-
trates the historic and projected population changes for
selected cities.

The contrasting projections for communities within
Lake County primarily reflect the southward shift of
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Figure 6. Recent and projected population of selected cities and towns

10 Water Resource Availability, Lake Michigan Region



population from highly urbanized areas near Lake
Michigan to urban and suburban areas lying near the
southern boundary of the Lake Michigan Region.

ECONOMY

Economic activity within the Lake Michigan Region
is an important factor determining water use because
different types of industry have specific water resource
requirements. In turn, the availability of water resourc-
es partially determines the type of industries that can
be located in an area.

The lakeshore areas of the Lake Michigan Region
form one of the largest industrial and commercial
complexes in the world. The lake provides a plentiful
supply of water and invaluable transportation for this
industrial complex.

Lake Michigan is also part of the St. Lawrence
navigation system, one of the most important inland
waterway systems in the world. Four deep-draft com-
mercial harbors in the Lake Michigan Region of Indi-
ana provide access to this waterway: Indiana Harbor,
Gary Harbor, Buffington Harbor and Burns Interna-
tional Harbor.

The following discussion on the economy of Lake,
LaPorte and Porter Counties is based on data that were
obtained from a computerized database (STATIS)
which is maintained by the Indiana Business Research
Center, Indiana University. The economic data refer to
entire counties, and thus include areas lying outside the
Lake Michigan Region.

Unemployment rates in Lake, LaPorte and Porter
Counties were above the state average for most of the
1980’s (figure 7). During the decade, unemployment
rates in the Lake Michigan Region were highest in
Lake County, peaking at 16.3 percent in 1982. LaPorte
and Porter Counties experienced peak unemployment
during 1983 when the rates were about 14.8 percent in
both counties (figure 7). Toward the end of the 1980°s
unemployment rates were above the state average in
Lake and LaPorte Counties but were below the state
average in Porter County.

During the 1980’s, the estimated per capita income
in the Lake Michigan Region was highest in Porter
County, staying above the state average during the
entire decade (figure 8). Per capita income in Lake and
LaPorte Counties was above the state average during
the early 1980°s. However, from 1984 to 1989 per
capita income in Lake County was lower than the state
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average, whereas income in LaPorte County was very
close to the state average (figure 8).

Employment and earnings by industry in Lake,
LaPorte and Porter Counties are based to a large extent
on manufacturing, trade, services and government
(figure 9). In 1988, these economic sectors employed
more than 253,000 people or about 81 percent of the
total workforce, and had a total payroll of $5.9 billion
or almost 81 percent of the total earnings in the three
counties (figure 9).

Manufacturing had the largest payroll among the
economic sectors of Lake, LaPorte and Porter Counties
during the period 1980-88 (figure 9). In 1988, the
manufacturing sector employed only 22.4 percent of
the total workforce, but had a payroll of about 36
percent of total earnings in the three counties (figure 9).

Steel manufacturing plants which dominate the in-
dustrial complex of the Lake Michigan Region utilize
inexpensive and abundant surface water from Lake
Michigan. Many of the steel mills in Lake and Porter
Counties are operated by four of the nation’s largest
stee]l makers: Bethlehem Steel Corporation, Inland
Steel Company, LTV Steel Company and the USS
Division of USX. A $100 million steel finishing mill
is being built by the Beta Steel Corporation at Burns
International Harbor, and if it is successful, a second
production facility will be built on an adjacent parcel

of land (Indiana Port Commission, 1990b).

Indiana is currently the leading steel-producing state
in the country with more than 20 percent of the nation’s
production in 1988. Although employment has stabi-
lized in the steel industry, the installation of labor-
saving machinery in the steel plants has resulted in an
increase in steel production over the last few years.

The service and trade sectors of the economy of
Lake, LaPorte and Porter Counties have experienced
steady growth in employment and earnings since 1984
(figure 9). Since 1986, the service sector has had the
largest workforce among the economic sectors in the
combined area of Lake, LaPorte and Porter Counties.
The shifting or restructuring of the regional economy
from a manufacturing base to a service and trade base
is the result of expansion in transfer economy (relief,
pensions and social security payments), health care,
personal care, financial services, legal services and
insurance, many of which are financed from external
sources (Singer, 1989)

In addition, retail trade and service expansion along
U.S. Highway 30 in Lake and Porter Counties are
drawing shoppers from a large geographic area. The
lakeshore community of Michigan City, the retail hub
of LaPorte County, continues to attract numerous
shoppers from the eastern part of the Lake Michigan
Region. Investments in restaurants, retail shops and
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recreational facilities in the tourist areas of northemn
LaPorte County and the marina districts in Lake,
LaPorte, and Porter Counties are expected to stimulate
local economic growth. Like the regional trade and
service industries, government activities are also con-
centrated in the urban areas.

The transportation network in the Lake Michigan
Region is vital to the economic sectors of the Region.
Harbors in the Lake Michigan Region link Indiana to
other ports in the Great Lakes and the world. Cargo
shipped through the ports in the Lake Michigan Region
includes coal/coke, iron ore, steel and steel related
products, fertilizer, grain, salt, limestone and petro-
leum. Burns International Harbor handled more than
8.6 million tons of cargo in 1989, which accounted for
more than $46 million in sales and purchases. Counties
in northern, central, and even southern Indiana (figure
10) benefit directly or indirectly from Burns Interna-
tional Harbor (Indiana Port Commission, 1990a).

EMPLOYMENT (THOUSANDS)

The major industries and communities within the
Lake Michigan Region are linked together by the
Chicago South Shore and South Bend Railroad, Inter-
states 80/90 and 94, and U.S. Highways 12, 20 and 30.
Studies by the Northern Indiana Commuter Transpor-
tation District (NICTD) show that the South Shore
trains helped Indiana residents bring in $120 million a
year in wages and salaries (in 1987 dollars) from jobs
in Chicago (Smerk, 1990).

The smaller economic sectors of Lake, LaPorte and
Porter Counties include construction, finance, agricul-
ture, agricultural services, and mining. However, these
economic sectors may be important to individual com-
munities that lie within the Region. In 1988 agriculture
in Lake, LaPorte and Porter Counties employed about
0.3 percent of the total workforce and had almost one
percent of the total earnings, despite being the predom-
inantland use in Lake, LaPorte and Porter Counties and
in the Lake Michigan Region.
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Indirect

Figure 10. Counties which benefit directly or
indirectly from Burns International Harbor
in 1989

(adapted from Indiana Port Commission, 1989)

LAND USE

The landscape of the Lake Michigan Region today
bears little resemblance to the natural landscape of pre-
settlement times, Until the early 1800°s, most of the
area north of the Valparaiso Moraine was covered by
a vast marsh and wooded swamp. Many areas in the
Region were characterized by prairie grasses, and oak
savannas, with hardwood forests common on the mo-
rainal uplands. '

The current landscape of the Lake Michigan Region
is dominated by urban and industrial areas in northern
Lake County, and agricultural land in LaPorte and
Porter Counties. Remnants of the natural prairie and
wetland landscape occur only in isolated parcels in the
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Region. The Indiana Dunes National Lakeshore and
the Indiana Dunes State Park in northern LaPorte and
Porter Counties contain the largest expanse of natural
forest in the Lake Michigan Region.

The U.S. Geological Survey has produced a series of
land-use and land-cover maps by using aerial photo-
graphs and other remotely sensed data (Anderson and
others, 1976). Land use refers to man’s activities
which are directly related to the land. Land cover
describes the vegetation, water, natural surface and
artificial constructions at the land surface (U.S. Geo-
logical Survey, 1982). It should be noted that only
urban areas, bodies of water, gravel pits and certain
agricultural areas of at least 10 acres are mapped. For
other land use categories, the minimum mapping unit
is 40 acres.

Figure 11 was produced from digital files of the U.S.
Geological Survey land-use and land-cover maps us-
ing ARC/INFO geographic information system. The
date of the aerial photography for the Lake Michigan
Region was 1979. Land uses in the Region were
grouped into five general categories for illustrative
purposes. Tabular data of acreage for each general
category and numerous subcategories were also gener-
ated from the digital files (appendix 2).

Figure 11 provides a general picture of land use for
the Region. Higher resolution data on different types
of land use may be obtained from other federal, state
and local agencies.

In the Lake Michigan Region, agricultural land
constitutes almost one-half of the land. Urban or built-
up land-accounts for about 29 percent of the Region’s
land area; forest land for about 17 percent; and water,
wetlands and barren land for the remaining 5 percent.

Agricultural land

The U.S. Bureau of the Census compiles and pub-
lishes land use data for agricultural land, which is
designated as “land in farms”. A farm is defined by the
bureau as any place from which the sale of agricultural
products normally amounts to at least $1,000 during
the census year.

Of the five agricultural land use categories defined
by the bureau, the following four are mutually exclu-
sive: cropland, woodland, other land, and land set aside
in federal farm programs. The fifth category, total
pastureland, is the sum of cropland, woodland, and
other land used for pasture or grazing.



H
2

NolANA oo

wmoss

KENTUCKY

LAKE AND WETLAND

EXPLANATION
AGRICULTURE

Tabulated data in Appendix 2.

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES

OIVISION OF WATER

LAKE MICHIGAN REGION

Figure 11. Land use and land cover

(adapted from U.S.G.S., 1982)

ST

RS
BESRERE
e




Agricultural statistics published by the U.S. Bureau
of the Census are available on a county basis, and thus
include areas lying outside the Lake Michigan Region
boundary. However, the data available for the three
major counties lying partially within the Lake Michi-
gan Region nonetheless provide a general overview of
agricultural land use.

Table 2 presents county data for the three major land
uses on farmland. Cropland accounts for an average of
about 90 percent of total farmland in Lake, LaPorte and
Porter Counties. Most of the cropland in the Region is
classified as harvested cropland, which includes not
only land for field crops but also for orchards, vine-
yards, nurseries and greenhouses. Some small tracts of
cropland are used for pasture, grazing, cultivated sum-
mer fallow, idle cropland or soil improvement crops.
During the 10-year period 1978-87, cropland acreage
showed a net increase in Lake County, but a decrease
in LaPorte and Porter Counties.

Woodland accounts for an average of about 4 percent
of all farmland in Lake, LaPorte and Porter Counties
(table 2). Most woodland is used for woodlots, timber
production and Christmas tree production.

Farmland designated as “other land” (table 2) consti-
tutes about 6 percent of all farmland, and includes
primarily land in house and barn lots, ponds, roads and
wasteland. Only small tracts are used solely for pasture
or are considered barren land. It should be noted that
some of the barren land and land in lots or roads which
the U.S. Bureau of the Census considers as agricultural
land may be classified and mapped as barren, non-

Table 2. Selected land use data for farmland

{Values are for entire counties.}

Total area: Acreages are from county land areas listed in Marcus (1985).

agricultural land by the U.S. Geological Survey.

Land used solely for pasture decreased in most of the
counties that comprise the Lake Michigan Region
during the period 1978-87. Land set aside in federal
farm programs probably has increased since the estab-
lishment of the Conservation Reserve Program, which
was created following enactment of the 1985 Food
Security Act.

Other land

Urban or built-up areas occupy about 29 percent of
the land area in the Lake Michigan Region (figure 11).
Most of the urban land is concentrated in the northwest-
ern part of the Region. The built-up areas near the
shoreline of Lake Michigan form an almost continuous
complex across northern Lake County and northwest-
ern Porter County.

Other large tracts of built-up lands in the Lake
Michigan Region are found in and near the communi-
ties of Crown Point in Lake County, Michigan City in
LaPorte County, and Valparaiso, Portage, Chesterton,
Burns Harbor and Ogden Dunes in Porter County.

Forest land, about 17 percent of the land in the Lake
Michigan Region, generally occurs as small parcels
scattered among cropland (figure 11). The predomi-
nant forest types in the Region are oak-hickory, elm-
ash-soft maple, maple-beech, and cherry-ash-yellow
poplar (Smith and Golditz, 1988).

The largest tracts of forested land are located just

Land in farms, total cropland, total woodland, other land: Upper numbers are for 1987 (U.S. Bureau of the Census, 1989); lower

numbers are for 1978 (U.S. Bureau of the Census, 1984a).

Land in farms Total cropland Total woodiand Other land
County Total area Percent of Percent of Percent of Percent of
(acres) Acres | total area | Acres | farmiand | Acres | farmland | Acres | farmland
Lake 320,640 145,566 45 133,998 92 4,826 3 6,742 5
146,177 130,919 4,561 10,697
LaPorte 384,000 258,506 67 230,944 89 13,011 5 14,551 6
276,416 239,903 16,375 20,138
Porter 268,160 162,544 61 147,170 20 6,233 4 9,141 6
170,470 150,786 9,031 10,653
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south of the Lake Michigan shoreline, particularly
within the Indiana Dunes National Lakeshore and
Indiana Dunes State Park. It should be noted that forest
on these properties and other parts of the Region may
also be classified as forested wetlands by the U.S. Fish
and Wildlife Service.

Data on timberland are available on a county basis
from the U. S. Forest Service (Smith and Golitz, 1988).
Timberland is defined as commercial forest land pro-
ducing or capable of producing crops of industrial
wood and not withdrawn from timber utilization.

Table 3 presents timberland data for Lake, LaPorte
and Porter Counties. Because the tabulated values
include not only forest land held for non-agricultural
uses but also woodland in farms, there is some overlap
between timberland values in table 2 and total wood-
land values in table 3.

The area of timberland reported in the U. S. Forest
Service’s 1986 inventory is greater than the area re-
ported in a 1967 inventory (Smith and Golditz,1988).
One factor in timberland acreage increase may be
procedural changes between the two surveys, includ-
ing the reclassification as forest land of some areas
previously classified as range, pasture and other land
(U.S. Department of Agriculture, 1989). The large
increase in LaPorte County, and to a lesser extent Lake
and Porter Counties, may reflect both changes in
agricultural land use within the Kankakee River Basin
to the south, and increases in timberland near the Lake
Michigan shoreline.

Wetlands, and areas categorized by the U.S. Geolog-
ical Survey as water, including lakes, reservoirs and
rivers, and barren land account for less than 5 percent
of the land area in the Region (figure 11). However, the
figure is not appropriate for all purposes because
agencies may use significantly different classification
schemes for wetlands.

Some areas mapped as cropland in figure 11 may be
classified by the U.S. Fish and Wildlife Service as
wetlands. . Other areas mapped as forested wetlands
may be classified by the U.S. Forest Service as riparian
forest, or by the U.S. Bureau of the Census as wooded
farmland. A discussion of wetlands and wetland
classification used by the U.S. Fish and Wildlife Ser-
vice is found in the Surface Water Hydrology chapter
of this report under the subheading Wetlands. A
discussion of the major lakes is found in the Surface
Water Hydrology chapter of this report under the
subheading Lakes.
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Table 3. Area of timberland

{Values, for entire counties, are from a 1986 inventory report by
Smith and Golitz, 1988.}

Percent of
County Acres county area
Lake 17,800 6
LaPorte 41,700 11
Porter 30,600 11

WATER USE OVERVIEW

The demand for water in the Lake Michigan Region
is influenced by a variety of factors including the level
of urban and industrial development, the physical
environment, and the hydrologic systems. A brief
overview of current water use in the Region is present-
ed below as a prelude to discussions of climate, geol-
ogy, soils and hydrology. Details of current and
projected water use are presented in the last chapter of
this report.

Withdrawal uses

Withdrawals involve the physical removal of water
from its surface-water or ground-water source, and
conveyance to its place of use. The water withdrawn
can be used in either a consumptive or non-consump-
tive manner.

Water applied for irrigation, incorporated into a
manufactured product, lost to evapotranspiration, or
otherwise removed from the immediate water supply is
considered to be consumed if it is unavailable for reuse
in a short period of time. Other applications, such as
public water supply, energy production and many
industrial uses, typically return most of the withdrawn
water to the surface-water or ground-water systems.

Water-use data in Indiana historically has been
obtained by combining limited data for public water
supplies with various estimation techniques and volun-
tary responses to mailed questionnaires. Recent water-
use summaries include those by the Indiana Depart-
ment of Natural Resources (1982a, 1982b) and Solley
and others (1983, 1988).

Since 1985, annual water-use data for large with-
drawal facilities in Indiana have been compiled as
mandated in the 1983 Water Resource Management
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(Total 1990 Registered water use averaged 3089 million gallons per day)

Act (I.C. 13-2-6.1). This legislation requires owners of
significant water withdrawal facilities to register these
facilities and report annual water use to the Natural
Resources Commission through the Indiana Depart-
ment of Natural Resources, Division of Water. Signif-
icant water withdrawal facilities are defined as facili-
ties capable of withdrawing at least 100,000 gallons per
day of surface water, ground water, or surface water
and ground water combined.

Reported water use for registered facilities typically
is determined by metering devices, the multiplication
of pump capacity and total time of pumpage, or by
other methods approved by the Division of Water.
Total non-registered water withdrawals generally are
estimated using approximated values for population
and per capita water use.

Although water withdrawals from a single well or
surface-water intake may serve several purposes, each
registered water withdrawal facility is grouped by the
Division of Water into one of the following six catego-
ries: industrial, energy production, public supply, ru-
ral, agricultural, and miscellaneous. These categories
differ slightly from those used in the 1980 report by the
Governor’s Water Resources Study Commission.

Facilities capable of withdrawing less than 100,000
gallons of water per day are not required to be regis-
tered with the Division of Water or to be monitored for
annual pumpage. However, some types of non-regis-
tered facilities can create a large aggregate demand for
water. It is estimated that non-registered facilities in
the Lake Michigan Region withdrew approximately
2.4 billion gallons of water in 1990.

Registered withdrawals in the Lake Michigan Re-
gion totaled almost 1128 billion gallons during 1990.
More than 99.8 percent of the withdrawals by the 80
facilities in the Region were used for industrial, energy
production and public supply purposes (figure 12).

Industrial self-supplied water uses accounted for
about 60 percent (682 billion gallons) of the total
registered water use in the Lake Michigan Region in
1990 (figure 12). The 19 significant water withdrawal

. facilities used for industrial supplies represent about 24

percent of all registered facilities in the Region.
Energy production was the second highest water-use

_category in the Lake Michigan Region (figure 12). The

four facilities grouped into this category withdrew
about 412 billion gallons of water from Lake Michigan,
or more than 36 percent of the total water withdrawals
in the Region.

Public supply water-use was less than 3 percent of
the total water use in the Lake Michigan Region (figure
12). The 25 facilities grouped into the public supply
category withdrew more than 32 billion gallons of
water. Surface water from Lake Michigan is the
primary public supply source for communities in the
northern parts of the Region, and ground water is the
predominant public supply source for the communities
in the interior parts of the Region.

About 14 percent of the Region’s residents obtain
their water from non-registered, privately owned do-
mestic wells rather than from public supply systems.
Non-registered, domestic self-supplied withdrawals
account for about 0.2 percent (2.4 billion gallons) of all
water withdrawals.
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There were no registered rural withdrawal facilities
in the Lake Michigan Region. Water withdrawals by
fish hatcheries and large-scale livestock operations are
categorized as rural usage.

Registered water withdrawals for agricultural and
miscellaneous purposes constituted approximately 0.2
percent of the total water withdrawals in the Lake
Michigan Region. However, the number of facilities
grouped into either category represent 40 percent of all
registered facilities in the Lake Michigan Region.

Instream uses

Instream uses are defined as non-withdrawal uses
taking place within a stream, lake or reservoir. In-
stream uses in Lake Michigan, the primary surface-
water body in northwestern Indiana, and the surface
drainage networks primarily include commercial trans-
portation, recreation activities, fish and wetland flora
and fauna habitat, and waste assimilation.

Commercial transportation in the northern parts of
Lake, LaPorte and Porter Counties is enhanced by the
linkage of canals, waterways and dredged channels to
Lake Michigan. Several harbors along Indiana’s shore-
line of the lake serve as transportation hubs for both
regional and global cargo.

Water-based recreation activities, which include
fishing, swimming, boating (including motorboating
and sailing), and water skiing also occur on Lake
Michigan. Hunting, camping, nature study, birdwatch-
ing, photography, walking, jogging, running and bicy-
cling are among the activities that are strongly associ-
ated with or enhanced by the presence of water.

Popular recreation opportunities available at both

20  Water Resource Availability, Lake Michigan Region

the Indiana Dunes National Lakeshore and the Indiana
Dunes State Park include camping, hiking, swimming,
fishing and nature study. Activities permitted at the
Langelutting Conservation Area in Porter County and
the Galena Conservation Area in LaPorte County
include fishing, hiking and nature study.

Water-dependent wildlife habitat in the Lake Mich-
igan Region is composed primarily of the wetlands that
lie between the relict dune and beach ridges in northern
Lake, LaPorte and Porter Counties. Furbearers, wood
ducks, waterfowl and deer are common in these areas.

Many of the wetlands in the Region have been
drained or filled as a consequence of development, but
some high-quality wetlands still remain as remnants of
former wetland complexes. Exotic species of flora can
be studied at Pinhook Bog in northwestern LaPorte
County and Great Marsh (including Cowles Bog) in
northern Porter County. In addition to these wetland
areas, there are presently eight nature preserves in the
Lake Michigan Region that are managed by the state.
The conservation of these areas is discussed in the
Surface-Water Hydrology chapter of this report un-
der the subheading Wetlands.

Fisheries are present in the streams and lakes in the
Lake Michigan Region. Because the type of fish
population found in streams and lakes largely depend
on ambient water quality, fisheries are summarized in
the Surface-Water Hydrology chapter of this report
in the section entitled Surface-Water Quality.

The treated effluents of waste-water treatment plants
in the Lake Michigan Region are discharged directly
into Trail Creek, the Grand Calumet River, the Little
Calumet River and some of its tributaries. Wastewater
discharges are discussed in the Surface-Water Qual-
ity section of this report.



PHYSICAL ENVIRONMENT

Climate, geology and soils affect the availability of
surface-water and ground-water resources. Climatic
factors largely determine the amount of available
precipitation in the Region. Geologic and soil factors
determine the proportion of precipitation which runs
off the land to become surface water, as opposed to
that which infiltrates the soil and percolates through
underlying materials to become ground water. Geol-
ogy and soils also determine surface drainage charac-
teristics, the vulnerability of aquifers to contamina-
tion, and the limits of ground-water development.

CLIMATE

Water availability and use in the Lake Michigan
Region is directly linked to the regional climate, which
is the long-term composite of daily weather events.
The climate of the Region is broadly classified as
temperate continental, which describes areas located
in the interior of a large continent and characterized by
warm summers, cool winters, and the absence of a
pronounced dry season. The continentality is partially
modified near Lake Michigan, where the climate can
take on semi-marine characteristics when air masses
that have passed southward over the lake move inland.

Precipitation and temperature throughout the Re-
gion vary considerably on a daily, seasonal and yearly
basis. This variability is primarily the result of inter-
actions between tropical and polar air masses, the
passage of low-pressure systems, and the shifting
location of the jet stream, a powerful air current about
6 miles above the land surface. Localized weather
modifications attributable to the presence of Lake
Michigan and the Gary-South Chicago metropolis are
superimposed on this regional variability.

Sources of climatic data

Most climatic data for Indiana are collected and
analyzed by the National Weather Service (NWS) of
the National Oceanic and Atmospheric Administration
(NOAA). The agency gathers data from more than 100
Indiana stations belonging to one or more of three
networks (climatic, hydrologic or agricultural).

Temperature and precipitation data from the climat-

ic network primarily are intended to represent long-
term conditions over large areas of uniform terrain and
climate. Rainfall-intensity data collected from the
hydrologic network of recording precipitation gages
are used for river forecasting, flood forecasting and
related planning purposes. (About two-thirds of these
recording gages are co-located with non-recording
gages belonging to the climatic network.) Data on
precipitation, air and soil temperature, relative humid-
ity and other parameters are collected at agricultural
stations. All but two of these agricultural stations also
belong to the climatic or hydrologic networks, or both.

At most NWS stations, precipitation and/or temper-
ature data are collected once daily by observers who
typically are employed by water utilities, wastewater
facilities, industries, municipalities or agribusiness.
More detailed meteorological data are collected at four
24-hour NWS offices (including an office at South
Bend) and at the Midwest Agricultural Weather Ser-
vice Center at Purdue University.

Figure 13 shows the location of official NWS sta-
tions in or adjacent to the Lake Michigan Region in
Indiana. Table 4 presents selected information for
these stations and additional stations located within 8
miles of the Region boundary. The 8-mile limit was
selected primarily for convenience rather than meteo-
rological considerations.

Climatic stations in and near the Illinois and Mich-
igan portions of the Region are not listed in table 4 or
shown in figure 13. However, precipitation and tem-
perature data are available for several stations in
Berrien County, Michigan and Cook County, Illinois,
including the NWS forecast office at Chicago’s O’-
Hare International Airport.

An array of climatic data and climate-related data
products for Indiana is available from NOAA’s Nation-
al Climatic Data Center in Asheville, North Carolina
(Hatch, 1983). Climatic data also are available from
the Midwestern Climate Center, a federally funded
regional center housed at the Illinois State Water
Survey in Champaign, Illinois. The center collects,
analyzes and disseminates climatic data for nine mid-
western states. Climatic summaries for stations in
Berrien County, Michigan are available from the Mich-
igan Department of Agriculture as part of a series of
climatological publications (Michigan Department of
Agriculture, 1989).
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Figure 13. Location of National Weather Service stations and mean annual snowfall in and
near the Lake Michigan Region

In the Indiana part of the Region, unpublished pre-
cipitation data are collected at the South Bend waste-
water-treatment plant and at several unofficial NWS
stations. Data from the unofficial stations are collected
once daily by amateur-radio operators as part of a
statewide volunteer network used to enhance the NWS
river and flood forecasting program. Data from this
network would be of limited use for most water man-
agement applications because the network is modified
often and the data are filed only on a temporary basis.

The IDNR Division of Water operates a network of
precipitation stations in Indiana, including a station in
Merrillville in the Lake Michigan Region. Precipita-
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tion records from Merrillville are filed for an indefinite
period at the division.

Climatic features

Although the climate of the Lake Michigan Region
encompasses variations in wind, clouds, humidity,
solar radiation and other elements, the following sec-
tions focus on variations in precipitation, temperature
and evapotranspiration. Precipitation is the source of
fresh water occurring -on or below the land surface.
Temperature defines the frost-free season, and largely



controls the process of evapotranspiration, which ac-
counts for about 70 percent of the average annual
precipitation in northern Indiana.

In some regional overviews of climate, data are
grouped and analyzed on the basis of geographic areas
having homogeneous climate. The U.S. Department of
Agriculture has divided Indiana into nine crop-report-
ing districts, which are identical to the nine climatic
divisions defined by NOAA. In the following sections
of this report, however, summaries of precipitation
and temperature in the Lake Michigan Region are
derived primarily from station data for Gary, Hobart,
Ogden Dunes, and Valparaiso. Some data for LaPorte
and South Bend also are included, because of the long
data record and their proximity to the Region
boundary.

Lake and urban effects

The presence of Lake Michigan produces unique
climatic conditions in parts of northwestern Indiana,
as described by Changnon (1968a), Changnon and
Jones (1972), and Eichenlaub (1979). Although mod-
ifications of climate are most pronounced within a mile
or two of the shore, several lake-effect features extend
about 25 miles inland. This broad area of lake influ-
ence encompasses the entire Lake Michigan Region in
Indiana.’

In general, the Region can experience warmer falls,
cooler springs, higher humidity, more frequent lake-
shore fogs, increased winter cloudiness, and greater
amounts of snow compared to nearby regions of sim-
ilar latitude. The most critical factor producing these

Table 4. National Weather Service stations in and near the Lake Michigan Region

Map number: Station locations are shown in figure 13.

Station: Only active stations are tabuiated. Historical data for discontinued stations in Indiana are available from Gary, Michigan City, and the
University of Notre Dame.

Data network: A, climatological network; B, hydrologic network (National Weather Service); AG, agricultural network (Purdue University).
Data type: P, precipitation; T, temperature; E, evaporation and wind; S, soil temperature; D, detailed data on a variety of parameters.
Publication, ongoing: Precipitation and/or temperature data are published monthly and annually by the National Oceanic and Atmospheric
Administration in the following reports- CD, Climatological Data (precipitation amounts are from non-recording gages); HP, Hourly Precipitation

Data (precipitation amounts are from recording gages); LCD, Local Climatological Data (detailed data published).

Publication, periodic: Climatological summaries are published every 10 years, generally at the end of a 30-year period. Numbers refer to
footnotes.

Period of record: Approximate total length of precipitation record, through 1980 inclusive. Years of record are taken from 1980 annual summaries
of Climatological Data and Hourly Precipitation Data. Hourly precipitation data may not be available for all years of record at hydrologic (B)
network stations.

Map Data Data Publication Period of record
no. - Station name network type Ongoing | Periodic | Years | Dates
1 Hobart A P,T CD 1,2,3 61 1920-
2 Indiana Dunes A PT CD 2,3 29 1952-
National Lakeshore*
3 LaPorte® AB P,T CD,HP 1,2,3 86  1895-
4 Lowell5 A P,T CcD — 18 1963-
5 South Bend NWSOQ?%8 ABAG P.T,D CD,HP.LCD 2,7 93 1888-
6 Valparaiso Waterworks AB PTE CD,HP 2,3 81 1900-
7 Wanatah® AAG P,T.S CcD — 20  1961-

National Oceanic and Atmospheric Administration, 1976.
19824, 1983a.
1985.

Located at Ogden Dunes until May 1989.

Within 8 miles of Region boundary in Indiana.

NWSO, National Weather Service office.

National Oceanic and Atmospheric Administration, 1982b.

NS U RN -
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climate modifications is the slower change of the lake’s
water-surface temperature relative to the change of
the adjacent land-surface temperature.

The slower change in water temperature tends to
moderate extremes in air temperature, a feature which
typically is ascribed to a semi-marine climate rather
than a continental climate. Because the lake retains
some of its summer warmth until midwinter, min-
imum air temperatures near the lake during fall and
early winter are several degrees warmer than in areas
farther south. Conversely, because the lake retains its
winter chill long after the land has thawed, areas near
the lake experience maximum springtime tempera-
tures that are cooler than those expected for the given
latitude.

Local lake breezes reaching a mile or two inland
further moderate temperature extremes along the im-
mediate lakeshore. For example, summer lake breezes
can reduce maximum air temperatures along the lake-
shore by several degrees, whereas land breezes help
maintain warmer minimums.

Lake-induced changes in cloud cover are associated
with changes in air temperature and humidity. A
reduction in summer cloudiness may extend 20 miles
inland when westerly winds blow across the lake and
advect colder off-lake air onto the eastern shore
(Changnon and Jones, 1972); however, summer clouds
are most noticeably reduced over the lake and along the
immediate lakeshore.

Lake-related increases in cloud cover are common
throughout the Lake Michigan Region, especially dur-
ing the fall and early winter when the lake is warm
relative to land. Winter fog may form over the lake
when cold air from the north initially contacts the warm
water. As the air continues to pass southward over the
lake, convection and turbulence transport the acquired
moisture aloft to form clouds, rain or snow. Cloud and
precipitation development may be further enhanced by
the lack of winter icepack on most of the lake, except
in nearshore and harbor areas.

As the warmed off-lake air reaches the shoreline,
upward currents can become stronger because of the
increased friction over land, thereby increasing the
potential for cloud and snow development. An addi-
tional impetus may be provided by orographic lifting
as the air ascends the elevated Valparaiso Moraine
(figure 16), whose crest is as much as 300 feet higher
than the lake surface. It also is possibie that the
additional warmth and the urban-related increases in
ice-forming nuclei from the Chicago-Gary metropolis
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may help create or intensify downwind lake-effect
snows (Eichenlaub, 1979).

Lake-effect snows of the Great Lakes region are
unique because only a few areas of the world experi-
ence this mesoscale feature (Eichenlaub, 1979). In
Indiana, lake-effect snows are most common in Lake,
Porter, LaPorte and St. Joseph Counties.

North or northwest winds sweeping over Lake Mich-
igan can acquire large amounts of warmth and moisture
before crossing the downwind shoreline; consequent-
ly, the major snowbelt of southern Lake Michigan is
located about 5 to 25 miles inland of the southeast
shore. This snowbelt encompasses an area roughly
bounded by Michigan City, LaPorte and South Bend,
Indiana, and extends into Berrien County, Michigan
(figure 13).

Annual snowfall in the snowbelt averages as much as
70 inches, which is twice the annual amount normally
received elsewhere in northern Indiana. In some years,
snowfall amounts may exceed 100 inches, largely due
to the frequency of moderate to heavy lake-effect
snows. Eichenlaub (1970) estimated that lake-effect
snowfall accounts for 30 to 50 percent of the total
snowfall in the Lake Michigan snowbelt.

The climate of the Lake Michigan Region is modi-
fied not only by the presence of Lake Michigan but also
by the Chicago-Gary metropolis of northeast Illinois
and northwest Indiana. In general, large cities and their
environs experience higher average temperatures than
rural areas, more clouds, haze, and local fog, and more
summer convective storms. Many of these differences
are due to the “heat island” effect of urban-industrial
centers and the increased presence of atmospheric
pollutants and particles which serve as nuclei for the
formation of tiny water droplets and/or ice crystals.
Reports by Changnon (1971, 1980a, 1980c), Huff and
Changnon (1972, 1973), Lyons (1974), Changnon and
Semonin (1978, 1979), and Changnon and others (1979a,
1979b) present the results of detailed climatic studies
in the Chicago area.

Inadvertent weather modification by the Chicago-
Gary metropolis has been cited as a possible cause of
increased summer rainfall and severe storm events
recorded at LaPorte from the mid-1930s to the mid-
1960s (Changnon, 1968b, 1980b; Maxwell, 1975;
Changnon and Huff, 1977; Clark, 1979). However, the
validity of an urban-induced anomaly centered at or
near LaPorte has been questioned by those who attrib-
uted the unusual precipitation record to poor gage
exposure or observer error (Holzman and Thom, 1970;



Holzman, 1971a, 1971b; Machta and others, 1977). A
water-resources report for the Kankakee River Basin
(Indiana Department of Natural Resources, 1990) con-
tains a summary of the rainfall anomaly.

Precipitation

Most precipitation in the Lake Michigan Region is
derived from air masses that have passed over the Gulf
of Mexico, although Lake Michigan can be the princi-
pal moisture source for some precipitation events,
particularly snows. The geographic and temporal vari-
ability in precipitation is produced by daytime convec-
tion and the passage of frontal systems.

Most rainfall in late spring and throughout the sum-
mer is produced during localized thundershowers gen-
erated by the passage of cold fronts or by daytime
convection. Local thunderstorms occasionally can
become severe, and may be accompanied by strong
winds, large hail, or frequent lightning. Funnel clouds,
tornadoes, and offshore waterspouts are rare near Lake
Michigan, perhaps because the relatively cool water of
the lake has a stabilizing effect on atmospheric pro-
cesses during spring and early summer. .

Precipitation during spring and autumn, which typ-
ically is associated with the passage of frontal systems,
often occurs in the form of slow, steady rains over large
areas. One exception occurred on October 9-11, 1954,
when heavy storms produced record-breaking rainfall
at many locations in northwest Indiana, including
Hobart, Valparaiso, and Ogden Dunes in the Lake
Michigan Region (National Oceanic and Atmospheric
Administration, 1985; Daniels and Hale, 1955; Huff
and others, 1955).

Precipitation events typically are interspersed among
several dry days and can vary widely in intensity and
duration. Although daily normal values interpolated
from monthly normals do not exhibit the daily random
patterns, normals can be used to compute average
precipitation for selected time intervals (National Oce-
anic and Atmospheric Administration, 1982b). Nor-
mal daily precipitation amounts calculated for South
Bend range from 0.07 inch in February, the driest
month, to 0.14 inch in April and June, the wettest
months.

Monthly precipitation during the frost-free season
commonly ranges from about 2 to 5 inches (see Nation-
al Oceanic and Atmospheric Administration, 1985),
but monthly extremes recorded in the Region range

from trace amounts to about 14 inches. Normal
seasonal precipitation at Gary, Hobart, Ogden Dunes,
and Valparaiso averages 5.8 inches in winter, 10.1
inches in spring, 11.4 inches in summer, and 9.0 inches
in fall (table 5). In general, total monthly rainfall
amounts are greater and more variable during warm
months than during cool months.

Normal annual precipitation at Gary, Hobart, Ogden
Dunes and Valparaiso averages 36.2 inches for the
period 1951-80 (see table 5). Total annual precipita-
tion recorded for this period ranges from about 23
inches to nearly 50 inches.

Annual probability data (National Oceanic and At-
mospheric Administration, 1983a) show that there is a
9-in-10 chance that the annual precipitation over a long
period of time will average 28 inches or greater. There
is only a 1-in-10 chance that the annual precipitation
will average 44 inches or greater.

Annual snowfall is quite variable in the Region
because of the lake effect. Annual averages range from
about 35 inches near the Indiana-Illinois state line to
about 70 inches in the lake-related snowbelt. The
predominant snow season is from November to March,
but snowfall has occurred as early as September and as
late as May. On -average, snowfall constitutes 10
percent of the annual precipitation in the Region’s
western portions, and 19 percent of the annual precip-
itation in the snowbelt.

Temperature

The normal annual temperature averages 50° F
(degrees Fahrenheit) at Gary, Hobart, Ogden Dunes,
and Valparaiso, and 49° F at South Bend, Indiana and
Eau Claire, Michigan. Normal seasonal temperature in
the Indiana part of the Region averages 49° F in spring,
72° F in summer, 54° F in autumn, and 27° F in winter
(National Oceanic and Atmospheric Administration,
1982a).

Spring and autumn months generally are character-
ized by moderate temperatures, although brief periods
of unusually cool or warm temperatures may occasion-
ally occur. Summer months bring warm, humid con-
ditions and occasional periods of oppressive heat.
Winter months are characterized by short periods of
extreme cold alternating with several days of milder
temperatures.

January, the coldest month, has an average normal
monthly temperature of 23° F and an average normal
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Table 5.

Normal monthly, seasonal and annual precipitation for the period 1951-80

{All values in inches; monthly data are from the National Oceanic and Atmospheric Administration, 1982a}

Month Gary Hobart LaPorte! Ogden Dunes South Bend Valparaiso
SPRING
March 27 2.4 3.2 2.8 3.1 2.9
April 3.8 3.8 4.3 3.8 4.1 4.3
May 37 3.3 3.2 3.2 28 3.6
Seasonal 10.2 9.5 10.7 9.8 10.0 10.8
SUMMER
June 3.8 3.8 4.2 4.0 3.9 4.1
July 3.8 3.8 4.5 3.8 3.7 4.0
August 3.6 3.5 4.1 3.4 3.9 4.0
Seasonal 11.2 11.1 12.8 11.2 11.5 12.1
AUTUMN
September 3.4 3.5 3.8 3.4 3.2 3.7
October 29 2.9 3.8 3.1 3.2 3.4
November 2.3 24 2.8 2.3 2.8 2.6
Seasonal 8.6 8.8 10.4 8.8 9.2 9.7
WINTER
December 24 2.2 3.1 24 3.0 2.6
January 1.7 1.7 2.4 2.0 25 - 2.0
February 1.4 1.5 2.2 1.6 2.0 1.6
Seasonal 5.5 5.4 7.7 6.0 7.5 6.2
ANNUAL 35.5 34.8 41.6 35.8 38.2 38.8

1 Base data may be anomalous

daily minimum of 15° F. On average, about 3 or 4 days
in January have minimum daily temperatures less than
0°F.

July, the warmest month, has an average normal
monthly temperature of 73° F and an average normal
daily maximum of 84° F. Maximum temperatures of
at least 90° F typically occur on about 5 or 6 days.

The range in daily temperature is generally least in
winter, and greatest in summer. The average differ-
ence between normal daily maximum and minimum
témperatures in the Lake Michigan Region is 16° F in
winter, 20° F in spring and fall, and 21° F in summer
(table 6). Due to the moderating effect of Lake
Michigan, these average temperature fluctuations are
about 3 degrees less than average fluctuations else-
where in northern Indiana.

According to comparisons of monthly and seasonal
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normal temperatures at climatic stations in and near the
Lake Michigan Region (National Oceanic and Atmo-
spheric Administration, 1982a), Hobart has the great-
est average temperature fluctuations, and Gary has the
least (table 6). A combination of the lake effect and
urban-related heating probably explains the warmer
average spring and summer minimums at Gary, where-
as the lake effect probably is responsible for maintain-
ing warmer average minimums during fall and winter
at Ogden Dunes (table 6).

Because the presence of Lake Michigan reduces the
risk of early fall frosts and unusually late spring frosts,
the frost-free season within about 10 miles of the
lakeshore generally is 2 to 3 weeks longer than the
season elsewhere in northern Indiana. In the Lake
Michigan Region, the frost-free season typically lasts
from late April or early May to the middle of October.



Table 6.

Normal seasonal maximum and minimum temperatures for the period 1951-80

{Values, in degrees F, are derived from monthly normals published by the National Oceanic and Atmospheric Administration, 1982a}

Spring Summer Fall Winter
Station max min max min max min max min
Gary 57.5 39.2 81.9 62.1 62.9 44.6 33.9 18.7
Hobart 60.1 38.4 83.6 60.3 65.2 43.4 35.4 18.9
LaPorte 59.0 38.0 82.8 60.1 63.0 42.7 33.8 18.3
Ogden Dunes 58.1 38.5 81.9 61.3 63.6 44.9 34.4 19.7
South Bend 57.6 38.1 81.1 60.4 61.8 43.3 334 19.0
Valparaiso 59.1 37.9 81.8 59.6 63.2 42.6 34.0 17.9

The average number of consecutive frost-free days
ranges from about 175 days near the lakeshore to about
165 days near the Region’s southern boundary (Nation-
al Oceanic and Atmospheric Administration, 1985). A
season of this length is comparable to the season
typically found in much of central and south-central
Indiana; however, the season length near Lake Mich-
igan changes rapidly within short distances, as opposed
to a more gradual change in central and southern
Indiana (Schaal and Newman, 1981).

The longer frost-free season, in combination with the
moderate temperatures, higher humidity, rolling ter-
rain, and loamy or clayey soils on and north of the
Valparaiso Moraine produce an environment suitable
for the growing of frost-sensitive fruit crops such as
apples, pears, peaches, grapes and berries. Fruit pro-
duction is especially common in northern LaPorte
County, Indiana and in Berrien County, Michigan.

During the warm season when Lake Michigan is cool
relative to land, local lake breezes may limit extremely
high temperatures within a mile or two of the shore.
Conversely, land breezes at night help maintain tem-
peratures that are warmer than those farther inland,
hence, 24-hour temperature averages are not signifi-
cantly modified by local lake winds.

Extreme temperatures recorded in the Lake Michi-
gan Region range from -23° F to 104° F for the period
1951-80. Very hot weather typically occurs when
tropical air masses reach the region from the south
without first passing over Lake Michigan. Record high
temperatures occurred at several stations during the
summer drought of 1988, when southerly winds pre-
dominated.

Winter cold snaps generally are less severe in the
Lake Michigan Region than in other areas of northern
Indiana, but northeast winds not moderated by the lake

influence can occasionally bring extremely low tem-
peratures.

Evapotranspiration

Precipitated water is being returned continually to
the atmosphere as vapor through the processes of
evaporation and plant transpiration. Measurements of
evaporation from the water surface in a shallow, circu-
lar pan can be used to estimate the maximum water
loss possible from shallow lakes or saturated soils.

Pan evaporation stations typically are operated be-
tween May and October. In general, evaporation pans
are not operated between November and April because
frequent ice cover would produce erroneous measure-
menis.

At South Bend and Valparaiso, mean monthly pan
evaporation during the frost-free season ranges from an
average of about 6 inches in June and July to about 3
inches in October (table 7). Estimated monthly means
of evaporation at South Bend show that nearly 25
percent of the annual total pan evaporation occurs
during the 6-month winter period (Famsworth and
Thompson, 1982b).

A reasonable estimate of potential evapotranspira-
tion can be obtained by multiplying total pan evapora-
tion by a factor of 0.75 (see Farnsworth and Thompson,
1982a); hence, potential evapotranspiration at South
Bend and Valparaiso averages about 30 inches. This
amount is a generalized index of the maximum annual
consumptive use of water by evaporation and transpi-
ration.

Because the availability of moisture for evapotrans-
piration varies continually in time and space, actual
evapotranspiration often occurs at less than the poten-
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Table 7. Mean monthly pan evaporation at
South Bend and Valparaiso

{values, in inches, are from Farnsworth and Thompson (1982b)
unless otherwise indicated.}

South Bend, | Valparaiso,

Month and season estimated measured
(1956-70) (1960-79)
WARM SEASON
May 5.63 5.38
June 6.73 6.14
July 6.64 5.94
August 5.93 4.92
September 4.26 3.23
October 3.17 2.95
Season tfotal 32.36 28.56
COOL SEASON
November 1.61 1.48!
December 0.88 0.93'
January 0.83 0.832
February 1.00 1.002
March 2.08 2.581
April 3.80 3.84"
Season fotal 10.20 10.66
Annual total 42.56 39.22

! From Indiana Department of Natural Resources, 1988.
2 Estimated values for South Bend; no measured data available.

tial rate. Studies in central Illinois revealed that aver-
age annual evapotranspiration is approximately 84
percent of the average annual potential evapotranspi-
ration during years of normal or above-normal precip-
itation (Schicht and Walton, 1961). If annual potential
evapotranspiration in the Lake Michigan is assumed to
be 30 inches, then annual evapotranspiration is approx-
imately 25 inches. An estimate of 25 to 26 inches for
northwest Indiana was obtained by different methods
by Jones (1966) and Newman (1981).

The loss of at least 25 inches (more than 70 percent)
of the average annual precipitation to evaporative
processes represents the single largest consumptive
use of water in the Lake Michigan Region. Although
the remaining 11 inches of water is considered ade-
quate with respect to the Region’s overall water bud-
get, the spatial and temporal variability of rainfall from
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year to year and its uneven distribution during any
given year can occasionally limit crops and water
supplies.

Evapotranspiration during the summer months com-
monly exceeds total rainfall, producing a seasonal
deficit in available precipitated water. During the
winter, when precipitation far exceeds evapotranspira-
tion, water supplies are replenished in the form of
increased ground-water and surface-water levels and
increased soil moisture.

The exact amount of evaporation from Lake Mich-
igan is unknown; however, average annual evapora-
tion has been estimated to be 30 inches (Richards and
Irbe, 1969). More recent studies have involved mod-
eling efforts for forecasting and simulation applica-
tions (Croley, 1989a, 1989b).

Climatic extremes

Extreme climatic events such as droughts and flood-
producing storms are infrequent but can have far-
reaching economic impacts. In the Lake Michigan
Region, economic losses caused by flooding and high
lake levels are most widespread in urban and residen-
tial areas.

Heavy rainstorms can be described statistically by
rainfall frequency analysis. Three reports published by
NOAA summarize rainfall-frequency data for selected

_durations from 5 minutes to 10 days and return periods

from 1 to 100 years (Hershfield, 1961; U.S. Weather
Bureau, 1957, 1964; National Oceanic and Atmo-
spheric Administration, 1977). Other reports provide
data on probable maximum precipitation (Schreiner
and Riedel, 1978; Ho and Riedel, 1980) and rainfall
intensity-duration-frequency (U.S. Weather Bureau,
1955). A report by the Indiana Department of Natural
Resources (1982c) summarizes the NOAA data for
Indiana and provides interpolated estimates of rainfall
values.

The Midwestern Climate Center in Illinois has up-
dated heavy-rainfall frequency values for midwestern
states. The analyses, which utilize data from NWS
stations, provide values on a more detailed scale than
values published by NOAA. A preliminary report was
available in early 1990 (J. Angel, Illinois State Water
Survey, personal communication, 1990).

The term “drought” generally is associated with a
sustained period of abnormally low water levels or
moisture supply. Drought-severity indices may be



based on cumulative precipitation deficits, reservoir
storage, stream flows, ground-water levels, or other
hydrologic factors relevant to water supply and agri-
cultural activities.

Because drought-severity indices commonly are used
to initiate drought-response activities such as water-
conservation measures and financial assistance, it is
crucial that the selected indices provide a representa-
tive assessment of drought conditions. Researchers at
Purdue University are working cooperatively with the
IDNR Division of Water to develop regional drought
indicators for Indiana (Delleur and others, 1990).

A report by Fowler (1992) describes the effects of the
1988 drought on ground-water levels, stream flow, and
reservoirs in Indiana. Reports by the former Indiana
Drought Disaster Preparedness Committee (1977), the
former Indiana Drought Advisory Committee (1988),
and the Great Lakes Commission (1990) discuss drought
preparedness and planning for Indiana. Reports by
Changnon and others (1982), Changnon (1987), East-
erling and Changnon (1987), and Changnon and East-
erling (1989) are four among many publications by
staff of the Illinois State Water Survey that address
drought climatology, impacts and preparedness in
Illinois, including the Chicago-Gary area.

GEOLOGY

Ground-water resources are strongly influenced by
geology. Surficial geology greatly influences topogra-
phy and soil development which, in turn, control runoff
and infiltration of precipitation. Ground-water storage
and rate of flow are controlled by the geology of the
underlying unconsolidated and bedrock formations.

In northwestern Indiana, herein called the Lake
Michigan Region, the most important aquifers consist
of glacial, glaciofluvial, and glaciolacustrine deposits.
These unconsolidated sediments were associated di-
rectly or indirectly with the advance and retreat of the
Lake Michigan lobe of ice into and out of northwestern
Indiana (figure 14).

Sources of geologic data

Hydrogeologic information for the Lake Michigan
Region comes primarily from water-well records, an
observation-well monitoring program, lithologic de-
scriptions from oil- and gas-well records, engineering
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Figure 14. Extent of major ice lobes in Indiana
during the Wisconsinan glaciation
(Adapted from Wayne, 1965)

borings, seismic studies, gamma-ray logs, and local
hydrogeologic projects.

Information on the shallow aquifer systems in the
Lake Michigan Region comes mainly from water-well
records. Approximately 4,500 water well records, kept
on file at the Division of Water- Indiana Department of
Natural Resources (IDNR), were analyzed for the
ground-water assessment portion of this study. Since
1959, water-well drilling contractors have been re-
quired to submit to the IDNR a complete record of any
water well drilled in the state.

Hydrogeologic information on the deep unconsoli-
dated formations in the Lake Michigan Region was
obtained during a cooperative drilling project that was
conducted by the Division of Water and the Indiana
Geological Survey (IGS) in 1987-88. This information
was helpful in determining aquifer characteristics and
the depositional history of the unconsolidated sedi-
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Figure 15. Physiographic regions of Indiana
(After Malott, 1922; modifed by Wayne)
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ments in the region. Much of the interpretation of the
glacial geology of the southern part of the Lake Mich-
igan Region comes from an unpublished report by
Bleuer and Fraser, Indiana Geological Survey.

Physiography

Malott (1922) divided Indiana into nine physio-
graphic regions according to topography and the effect
of glaciers on the landscape. The Lake Michigan
Region lies within the extreme northwestern part of the
Northern Lake and Moraine Region and includes the
northern part of the Valparaiso Morainal Area and
the entire Calumet Lacustrine Plain (figure 15).

The physiography of the southern part of the Lake

Michigan Region is mostly the product of late Wiscon-

sinan glacial advances of the Lake Michigan lobe.
Subsequent retreat of the Lake Michigan lobe from the
morainal area and development of ancestral Lake
Michigan were responsible for most of the physio-
graphy in the northern part of the region.

The Valparaiso Morainal Area

The Valparaiso Morainal Area is comprised of the
Valparaiso, Tinley and Lake Border Moraines (figure
16). These end moraines mark the limits of glacial
advances by the Lake Michigan lobe during the late
Wisconsinan glacial period.

The Valparaiso Moraine is the largest and oldest
end moraine in the Lake Michigan Region. The crest
of the moraine forms most of the drainage divide
between the Kankakee River Basin to the south and the
Lake Michigan Region to the north. A topographic sag
near the town of Valparaiso in Porter County divides
the moraine into two segments. Topographic expres-
sion and areal exteni of both segments are distinctly
asymmetrical.

The eastern segment of the Valparaiso Moraine is a
ridge having maximum elevations which vary from
about 850 feet (259 meters) to more than 950 feet (290
meters) above mean sea level (m.s.l.) near Springville
in LaPorte County. The crest and northern slopes of the
morainal ridge are underlain by a veneer of debris-flow
tills. Numerous ice-block depressions called keztle
holes are present in areas of rugged relief along the
northern slopes of the moraine from Valparaiso to the
Michigan state line. Large kettle depressions are

presently occupied by lakes, and the smaller depres-
sions are filled with a complex mix of sediment,
including considerable amounts of peat and muck.

The western segment of the Valparaiso Moraine is
comprised of two ridges capped by basal tills. The
western segment of the moraine is much broader than
the eastern segment, and maximum elevations seldom
exceed 800 feet (244 meters) above m.s.l. The morain-
al surface is highly irregular and contains numerous
basins of internal drainage and areas of irregular and
deranged drainage patterns. Stream channels are flat-
floored and deeply incised into the till surface. Evi-
dence of mass movements from the margins into the
axes of the channels suggest that the surficial till was
deposited from thick ice that was drained by deep
englacial channels or tunnel valleys.

The Tinley Moraine is the northernmost of the three
morainal ridges in the western segment of the Valpara-
iso Morainal Area. The Tinley Moraine represents are-
advance of the Lake Michigan Lobe after it had retreat-
ed an unknown distance from the Valparaiso Moraine
(Schneider, 1968). The Tinley Moraine generally
trends eastward from the Indiana-Illinois state line near
the town of St. John, through Lake County, and into
western Porter County. The moraine has local relief of
less than 50 feet (15 meters), but maximum elevations
of the moraine exceed 730 feet (222 meters) above
m.s.l. at its western edge and 700 feet (213 meters)
above m.s.l. at its eastern edge.

A shallow trough lying between 690 and 700 feet
(210 and 213 meters) above m.s.1. separates the Tinley
Moraine from the Valparaiso Moraine. The trough is
presently drained by West Creek in the extreme west-
central part of Lake County and the upper reach of
Deep River in central and east-central Lake County.
Considerable deposits of peat, muck and organic-rich
colluvium are found in ice-block depressions along the
trough.

An upland #ill plain located north of the eastern
extent of the Tinley Moraine (figure 17) probably
represents the terminal zone of Tinley ice (Schneider,
1968). This upland probably joins northward with the
Lake Border Moraine (Todd Thompson, Indiana Geo-
logical Survey, personal communication).

The Lake Border Moraine in the Lake Michigan
Region is an end moraine complex of low relief that is
located north of the eastern segment of the Valparaiso
Moraine (figure 16). The Lake Border Moraine con-
sists of several linear ridges that parallel the long axis
of the moraine. In northwestern LaPorte County, the
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moraine is approximately 2.5 miles (4 kilometers)
wide and ranges in elevation from 630 to 670 feet (192
to 204 meters) above m.s.. Toward the west, the
moraine thins to less than 0.25 mile (0.4 kilometers) in
width and ranges in elevation from 650 to 690 feet (198
to 210 meters) above m.s.l. in north-central Porter
County (Thompson, 1987).

The Calumet Lacustrine Plain

The Calumet Lacustrine Plain lies between the Val-
paraiso Morainal Area and Lake Michigan (figure 16).
The plain ranges in elevation from about 580 feet (177
meters) at the present shoreline of Lake Michigan to-as
much as 760 feet (232 meters) above m.s.l. at dune-
capped beach ridges. In the western part of the plain,
the natural character of the landscape has been altered
considerably as a result of industrialization and urban-
ization. The following description of the major phys-
iographic features in the Calumet Lacustrine Plain is
based on studies conducted primarily at the Indiana
Dunes National Lakeshore and the Indiana Dunes State
Park in the extreme northern part of Porter County.
The natural physiography of the plain has remained
relatively unaltered in these areas.

The predominant topographic expressions in the
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Calumet Lacustrine Plain are three relict dune-capped
beach ridges separated by extensive interridge marsh-
es. The relict beaches mark semi-stable shorelines of
ancestral Lake Michigan during its late Pleistocene
and Holocene history.

The Glenwood Beach is the highest dune and beach
complex in the Lake Michigan Region. The relict
beachis present as a discontinuous ridge on the lakeward
slopes of the Lake Border and Tinley Moraines. The
crest of the dune and beach complex has an average
elevation of about 650 feet (198 meters) above m.s.l.
However, the foreshore deposits, which represent the
paleoshoreline, are present in places between 620 and
630 feet (189 to 192 meters) above m.s.l. (Thompson,
1987). The poorly-developed beach consists predom-
inantly of dune sand capping till which suggest that the
beach was probably covered by ice for most of the year.

The Calumet Beach is lakeward of the Glenwood
Beach, but truncates the Glenwood Beach at the west-
ern tip of the Lake Border Moraine near the town of
Tremont in Porter County. Dune-capped areas of the
Calumet Beach have an average elevation of about 630
feet (192 meters) above m.s.l., and the foreshore
deposits have an average elevation of 607 feet (185
meters) above m.s.l. (Thompson, 1987). Calumet
deposits consist of dune sediments overlying beach and
nearshore sediments.
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The Toleston Beach is the youngest dune and beach
complex in the Lake Michigan Region. The landward
part of this complex consists of linear ridges of coa-
lesced parabolic dunes separated by interdunal swamps,
and the lakeward portion is comprised of large dome-
shaped and small parabolic dunes (Thompson, 1987),
as well as over 150 beach ridges in its western part.
Elevations at the top of large domal dunes are as much
as 750 feet (229 meters) above m.s.l. Foreshore, upper
shoreface and back-barrier lacustrine deposits occur
in the internal core of the complex. The top of the
foreshore sequence of the Toleston Beach ranges from
597 to 603 feet (182 to 184 meters) above m.s.l.
(Thompson, 1987). Modification of the Toleston
Beach is still occurring in the eastern part of the Lake
Michigan Region because of the reorientation of dom-
inant wind direction across Lake Michigan.

Wetlands of considerable size are present in the
interridge depressions in the eastern part of the Lake
Michigan Region. An unnamed marsh lies between the
Glenwood and the Calumet Beaches, and Great Marsh,
which includes Cowles Bog, lies between the Calumet
and the Toleston Beaches. Palustrine sediments are
abundant in these interridge wetlands.

Areas of gentle relief in the Calumet Lacustrine Plain
are capped by lacustrine and palustrine sediments

(Gray, 1989). These areas are drained by sluggish
rivers which empty into Lake Michigan. However,
extensive channelization of the Little and Grand Cal-
umet Rivers and industrialization in neighboring areas
have altered the physiography and the hydrology of the
Region.

Surficial geology

Surficial deposits overlie bedrock throughout the
Lake Michigan Region. The deposits in the region are
directly and indirectly related to the latest Wisconsinan
glacial events of the Lake Michigan lobe.

The surficial deposits in the southern part of the
Region are primarily the result of glacial processes, but
the deposits in the northern part of the Region are the
result of glacial, lacustrine, coastal and eolian sedi-
mentation (figure 17). The unconsolidated deposits in
the Lake Michigan Region ranges in thickness from
about 100 feet (30 meters) to more than 350 feet (107
meters) (figure 18).

In general, the stratigraphy of surficial deposits
controls the occurrence of ground water within the
deposits. Important factors that control the hydraulic
characteristics of an aquifer include grain size, grain
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shape, degree of sorting, and extent and arrangement of
the deposits. The occurrence of these hydrogeologic
elements in the surficial deposits of the Lake Michigan
Region is the result of a complex interplay of deposi-
tional processes in various sedimentary environments.

Valparaiso Morainal Complex

The lithofacies of the Valparaiso and Tinley Mo-
raines can be classified into five groups: 1) lacustrine
muds, 2) outwash sands, 3) shale-rich gravels, 4) basal
tills and 5) debris-flow tills. The vertical sequence of
the deposits suggests that most of the complex was
probably deposited during a time of ice advance.

Lacustrine muds, consisting of laminated silt, silty
loam, and silty clay loam underlie the morainal com-
plex in many places. These basal muds were probably
deposited in a proglacial lake that covered almost the
entire Kankakee River Basin. The lake formed when
the Lake Michigan lobe retreated from a terminal
position at the Iroquois Moraine south of the Region.
The basal lacustrine muds are thickest beneath the
western part of the Valparaiso morainal complex.
Thin, less extensive sequences of lacustrine muds
occur in the upper parts of the morainal complex. The
muds, which are commonly interbedded with debris-
flow tills or sand in abbreviated deltaic sequences,
probably originated as ice karst, kettle holes or other
irregular basins of internal drainage.

Medium-grained outwash sands overlie the basal
lacustrine muds throughout most of the complex. The
outwash sands were deposited by meltwater streams
emanating from the Lake Michigan lobe. Thick out-
wash deposits occur as stacked channel fills with
erosional basal contacts or as coarsening-upward del-
taic sequences. The sand deposits form the Valparaiso
Moraine Aquifer system and are extensive and thought
to be continuous beneath most of the morainal com-
plex. The outwash sands are generally thinner toward
the west.

Black shale gravels are common in the Valparaiso
morainal complex. The gravels are present in channel
deposits throughout the central part of the morainal
complex, and also make up a significant portion of the
outwash fan toward the east. Thinning and fining-
upward sequences in the channel deposits indicate
channel abandonment, while thickening and coarsen-
ing-upward sequences indicate progradation of depo-
sitional lobes away from the advancing ice front.
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Gravels that were deposited outside of channels may be
coarser-grained and thicker-bedded upward in the se-
quence.

Tills overlie most of the outwash sands in the Lake
Michigan Region and extend to the surface. However,
the thickness and texture of the surficial tills are not
uniform across the morainal complex.

Thick basal tills cover the surface of the western
segment of the Valparaiso morainal complex. The
tills, mostly of clay loam texture, were deposited
directly from ice as the Lake Michigan lobe overrode
its outwash fan.

A veneer of debris-flow tills is present along the
northern slopes and crest of the eastern part of the
Valparaiso morainal complex indicating that glacial
ice did not override the outwash fan in this area. The
debris-flow tills are coarser grained than the basal tills
to the west, and are usually in the form of silty loam and
sandy silty loam. In a few places along the crest of the
eastern part of the morainal complex, no tills are
present and outwash deposits occur at the top of the
sequence (figure 17).

The surface of the Valparaiso morainal complex
contains isolated pockets of palustrine sediments (fig-
ure 17). The organic-rich sediments accumulated in
kettle holes which are scattered throughout the morain-
al surface.

Lake Border Moraine

Surficial sediments of the Lake Border Moraine
were deposited during the final glacial advances of the
Lake Michigan Lobe. Thompson (1987) subdivided
the deposits beneath the morainal surface into three
lithostratigraphic units: 1) interbedded sand, gravel,
clay and till, 2) till and glaciolacustrine clay capped by
outwash sand and gravel, and 3) till.

Randomly interbedded sand, gravel, clay and till
overlie shale and limestone bedrock in the northem
part of the moraine. Lithologic variability, random
distribution and poor preservation of the basal sedi-
ments prohibit interpretation of age and origin (Thomp-
son, 1987).

Till and glaciolacustrine clay directly overlie the
basal sediments of the Lake Border Moraine. Glacio-
lacustrine deposits predominate in the northward part
of the unit, whereas tills are common in the central part
of the unit (Thompson, 1987). The till and glacio-
lacustrine clay unit averages about 50 feet (15 meters)



in thickness, and extends under Lake Michigan. Out-
wash sand and gravel overlie the glaciolacustrine clay
and form the internal core of the morainal complex.
The coarse-grained deposits commonly range in thick-
ness from about 40 to 60 feet (12 to 18 meters). In some
areas where the coarse-grained sediments are under-
lain by broken rock, local thickness of the sediments
may exceed 150 feet (46 meters). Thick, localized
accumulations of outwash material may indicate fun-
nel valley fills and/or isolated outwash cones at tunnel
exits (Ned Bleuer, Indiana Geological Survey, person-
al communication).

A relatively impermeable till overlies the sandy core
of the Lake Border Moraine and extends to the surface.
The upper part of the till is yellow to brown but
becomes blue-gray in the lower part. Lenticular bodies
of sand and gravel, which probably formed as beach
ridges, are present at the contact between the upper and
lower parts of the till (Thompson, 1987). The surficial
till of the L.ake Border Moraine can be traced westward
beneath the surficial sands of the Calumet Lacustrine
Plain (Ned Bleuer, Indiana Geological Survey, person-
al communication).

Calumet Lacustrine Plain

Formation and development of the Calumet
Lacustrine Plain began after the Lake Michigan lobe
retreated northward from a terminal position at the
Lake Border Moraine. The southern extent of the plain
is marked by the Glenwood Beach, a discontinuous
relict dune-capped beach ridge present along the north-
ern slopes of the Lake Border and Tinley Moraines
(figure 16). The deposits of the Calumet Lacustrine
Plain can be subdivided into three lithostratigraphic
units: 1) stratified lacustrine sand, silt and clay, 2) till
and glaciolacustrine clay, and 3) lacustrine, dunal and
coastal sands.

Stratified lacustrine sand, silt and clay overlie
shale and limestone bedrock in the Calumet Lacustrine
Plain. Gamma-ray logs of wells drilled in northern
Lake and northwestern Porter Counties indicate the
lacustrine sequence is generally upward-coarsening
with intermixed silt and clay layers (Ned Bleuer,
Indiana Geological Survey, unpublished data). This
unit may be similar to the lowest unconsolidated unit
of the Lake Border Moraine.

A relatively impermeable till and glaciolacustrine
clay unit overlies the lacustrine sediments in the Cal-

umet Lacustrine Plain. The unit consists predominant-
ly of thick basal tills and thinner sequences of ablation
tills. The unit exceeds 100 feet (30 meters) in thickness
in many places.

Fine-grained lacustrine and dunal sands, and
medium-grained coastal sands form most of the
surficial deposits of the Calumet Lacustrine Plain. The
lacustrine sands were deposited during the formation
and development of ancestral Lake Michigan. Coastal
and dunal sands comprise the relict beach ridges which
mark the ancient shorelines of the lake. The surficial
sand deposits of the Calumet Lacustrine Plain com-
monly range from about 30 to 50 feet (9 to 15 meters)
in thickness, but can be much thicker along the dune-
capped beach ridges.

Lacustrine clays and palustrine sediments are
present at the surface in small areas throughout the
plain (Gray, 1989). The lacustrine clays were depos-
ited in the low-energy environments of ancestral Lake
Michigan, and the palustrine sediments accumulated
in basins of restricted or internal drainage and in
poorly-drained interridge lowlands. Extensive accu-
mulations of palustrine sediments which are found in
Great Marsh, including Cowles Bog, are preserved in
the Indiana Dunes National Lakeshore and the Indiana
Dunes State Park. In the industrialized part of the
Calumet Lacustrine Plain and lakeshore areas, slag and
dunal sands were used to fill in the depressions and
interridge lowlands, creating a relatively featureless
plain.

Bedrock geology

Bedrock in the Lake Michigan Region consists of
more than 4,000 feet of sedimentary rocks overlying a
granitic Precambrian basement. The bedrock units
consist primarily of sequences of Cambrian through
Mississippian sandstone, limestone, dolomite and
shale. In the Lake Michigan Region, bedrock is not
exposed at the surface.

Regional bedrock structure in the Lake Michigan
Region is controlled by two principal features: the
Kankakee Arch to the southwest and the Michigan
Basin to the northeast (figure 19). Sedimentary rocks
dip away from the northern flank of the Kankakee Arch
toward the Michigan Basin at an average rate of about
35 feet per mile (6.6 meters per kilometer) (Pinsak and
Shaver, 1964). The gradient of the lower surface of the
bedrock units is significantly higher than the gradient
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of the upper surface because the units thicken toward
the Michigan Basin. Erosional truncation of bedrock
along the Kankakee Arch has left Silurian rocks at the
bedrock surface in western Lake County and progres-
sively younger rocks toward the east.

Bedrock physiography

Bedrock relief in the Lake Michigan Region is
probably the result of bedrock structure, lithology,
differential erosion by streams and glaciers, and vari-
ations in the orientation and direction of glacial ad-
vances. The bedrock surface has greater relief in the
eastern part of the Lake Michigan Region than in the
western part of the region (figure 20).

Bedrock highs are present along the southern mar-
gin of the Lake Michigan Region. Maximum eleva-
tions developed on the bedrock surface range from
about 575 feet (175 meters) above m.s.1. in southwest-
ern Lake County to more than 675 feet (206 meters)
above m.s.l. in east-central Porter County (figure 20).
In most of the areas where maximum bedrock eleva-
tions exceed 600 feet (183 meters) above m.s.l., the

38 Water Resource Availability, Lake Michigan Region

Antrim and Ellsworth Shales form the bedrock surface
(figures 20 and 21).

Major bedrock valleys in the Lake Michigan Region
frequently originate near or beyond the southern mar-
gin of the Region and generally trend northward into
Lake Michigan (figure 20). The bedrock valleys in
northern Lake and northwestern Porter Counties are
broad and have gently-sloping walls along most of their
extent. These valleys are developed on rocks which
range from Silurian carbonates to Mississippian shales
(figures 20 and 21). In contrast, the deep bedrock
valleys with steep walls in northeastern Porter and
northern LaPorte Counties are developed on shales
(figures 20 and 21).

The most prominent bedrock valley in the Lake
Michigan Region is located in northern LaPorte Coun-
ty (figure 20). The valley begins in the vicinity of Pine
Lake near the city of LaPorte and generally trends
northward to the Michigan state line, where it is
overlain by more than 250 feet (76 meters) of uncon-
solidated material (figure 18). Minimum elevations at
the valley floor are less than 350 feet (107 meters)
above m.s.]. in the northernmost reach (figure 20).
Buried bedrock valleys sometimes contain thick coarse-
grained deposits which can form aquifers.

Bedrock stratigraphy and lithology

Cambrian and Ordovician rocks form a large part of
the Paleozoic sedimentary sequence in the Lake Mich-
igan Region (appendix 3). However, these lower
Paleozoic rocks are not present at the bedrock surface
in the Region.

The Cambrian sequence in the Lake Michigan
Region is comprised of thick sandstone units separated
by carbonate, shale, and interbedded shale and carbon-
ate units (appendix 3). The overlying rocks of lower
Ordovician age are conformable with the upper Cam-
brian rocks where the stratigraphic sequence is pre-
served. However, in parts of northwestern Indiana,
pre-middle Ordovician erosion has removed lower
Ordovician rocks. The Ordovician sequence is not as
thick as the Cambrian sequence, but consists of rela-
tively thick carbonate units that are separated by a thin
sandstone unit and capped by a shale unit (appendix 3).

Rocks at the bedrock surface in the Lake Michigan
Region range from Silurian to Mississippian (figure
21). Detailed discussions on structure, stratigraphy
and sedimentology of the rocks may be obtained from



460000mE 470 000mE 480000mE 490000m £ 200000m E s10000m € 520000m E 530000m E
RAOWROW] __ Rowgmew | _méwmrw | _ __R7wmew. | _ _ _mewRisw. | . _RSW.Rew._ < !
=%
we20000mN — N\ )
. orrs LAKE MICHIGAN BEvERLY 15
T INOIAN.
TaewLd '”‘" NG aas SHORES ~ ) |
I P! DUNE v 7 5 f M
L = A\
o3 X ACRES 300 .= u°/ 4 )
\ swws | LT ) (
f wrernariona 20| p
fn ) & EasT cHicaco Z
. 5

|
—__ GARY
=S ~

R
2L 7 . 3
«s90000mN. 7 Ps 7 [ - |\ veRd |// L%
; \ < eP l/ l(m//:(\ & {
f \ — | \
T3sn v =
o ) (/2 M S
1
I
I
s80000mN —|
EXPLANATION
Line of equal bedrock elevation, in
feet above mean sea level
N g
P90~ Contourinterval 25 feet

Figure 20. Bedrock topography

550000m E

540000n E

wicHIGAN

Iwmors INoiANA ono

KenTucky

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES.
DIVISON OF WATER

LAKE MICHIGAN REGION

" P 4w
RS o
ot T} fows




MICHIGAN .

LAKE MICHIGAN

ILLINOIS

CROW POIN

PORTE

P

7.

(o

7 \\\%\\

Y

EXPLANATION

N

Ellsworth Shale

MISSISSIPPIAN -

N /
DEVONIAN - .
Antrim Shale
Muscatatuck Group
SILURIAN A

Wabash Formation

Figure 21. Bedrock geology
(Adapted from Gray and others, 1987)

Doheny and others (1975), Droste and Shaver (1982),
and other references cited in the text.

Rocks of the Silurian Wabash Formation are the
oldest rocks at the bedrock surface in the Lake Mich-
igan Region. Wabash rocks consist of limestone,
dolomitic limestone, dolomite and argillaceous dolo-
mite. Depositional environments of the Wabash rocks
include reef and inter-reef environments, although
non-reef facies of the Wabash Formation exist (Droste
and Shaver, 1982). The four principal lithologies of the
Wabash Formation which are generally characteristic
of the Mississinewa Shale Member, Liston Creek
Limestone Member, Kokomo Limestone Member and
the Huntington Lithofacies intergrade and replace one
another spatially within the formation (Shaver and
others, 1986). Pre-middle Devonian erosion truncated
Wabash rocks differentially, more southward than
northward and more eastward than westward (Droste
and Shaver, 1982).

The Devonian Muscatatuck Group unconform-
ably overlies Wabash rocks. The Muscatatuck Group,
comprised of the Detroit River and Traverse Forma-
tions, occurs at the bedrock surface in the western part
of the Lake Michigan Region (figure 21). Rocks of the
Muscatatuck Group are predominantly limestone and
dolomite, but evaporitic rocks are present in the upper
and the lower sections of the Detroit River Formation.

Common lithologies of Muscatatuck rocks are de-
scribed by Shaver and others (1986).

The Upper Devonian Antrim Shale paraconform-
ably overlies Muscatatuck rocks in the Lake Michigan
Region. The Antrim Shale is exposed at the bedrock
surface in east-central Lake County and the northern
parts of Porter and LaPorte Counties (figure 21). The
Antrim consists of brown to black non-calcareous
shale; however, calcareous shale, limestone and sand-
stone are present in the lower part of the unit in some
areas in LaPorte County (Shaver and others, 1986).
The Antrim Shale is largely correlative with the New
Albany Shale of the Illinois Basin.

The Elsworth Shale ranges from Upper Devonian
to Lower Mississippian in age and conformably over-
lies the Antrim Shale. The Ellsworth Shale can be
found at the bedrock surface along the southern and
southeastern margins of the Region in Porter and
LaPorte Counties (figure 21). The Ellsworth is charac-
terized by gray-green shale with limestone or dolomite
lenses in the upper part and alternating beds of gray-
green shale and brown-black shale in the lower part.

SOILS

Soil development is controlled to a large extent by
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climate, topography, biota, parent material and time.
Surficial geology and physiography are important fac-
tors that influence soil texture. In the Lake Michigan
Region, the distribution of the major soil types is
closely related to the physiographic terrains of the
Region: namely, clayey or loamy soils found in the
Valparaiso Morainal Area, and sandy soils found in the
Calumet Lacustrine Plain.

Soils on the end moraines of the Valparaiso Morainal
Area (see figure 16) have been developed primarily in
clay-rich glacial till. Loamy soils are more common in
the eastern part of the morainal area, where stratified
mixed drift of the Valparaiso Moraine are present in
northern LaPorte County. The soils that are formed on
morainal swells and slopes are well-drained, but the
soils in plains, ice-block depressions and relict glacial
drainageways are poorly-drained.

In the Calumet Lacustrine Plain, sandy soils occur on
dune and beach complexes and on lacustrine and
coastal deposits. The well-drained soils occur on the
dune and beach ridges, whereas the poorly-drained
soils are present in interridge depressions, drainage-
ways and lake-plains.

Soil development in most of the Lake Michigan
Region occurred under a cover of mixed hardwood
forest; however, some soils in Lake and Porter County
developed under prairie grasses (figure 22). Isolated
pockets of organic soils have developed in areas of
restricted or internal drainage. At several industrial and
urban sites along the Lake Michigan shore, alteration
of the landscape has resulted in substantially modified
soil.

Soil data of major Region counties are presented in
soil survey reports (Persinger, 1972; Furr, 1981 and
1982). Soil maps and related data found in these reports
can be used for general planning purposes. The follow-
ing discussions are based on generalized maps which
provide an even broader overview of Region soils.

Soil associations and hydrologic soil groups

Soils can be classified according to similarities of
parent materials, texture, horizon characteristics, to-
pography, natural drainage, and special features. A soil
series, the most common category used in county soil
surveys, allows detailed evaluations of specific tracts
of land. For generalized applications, however, a soil
association is a commonly used category.

A soil association is a landscape having a distinctive

42 Water Resource Availability, Lake Michigan Region

pattern of soil series in relation to similar parent
materials, landforms and slopes. Within a given soil
association, each soil series occupies a characteristic
position on one of three major landform types; namely,
1) hillslopes, swells, or depressions within broad up-
lands, 2) terraces, outwash plains, or lacustrine plains,
and 3) floodplains or bottomlands (Galloway and
Steinhardt, 1984).

A soil association is composed primarily of two to
four major soils and a few minor soils, and is named for
the major soils. The soils in one association may occur
in another, but in a different pattern.

A total of 108 soil association were identified in a
series of generalized county soil maps developed in
1970 by the U.S. Department of Agriculture’s Soil
Conservation Service and Purdue University’s Agri-
cultural Experiment Station. A few of the general soil
maps were revised slightly when they were later print-
ed with supplementary data tables and a user’s guide in
1975 (U.S. Department of Agriculture, 1971; Gallo-
way and others, [1975]).

In 1977, the Soil Conservation Service and Purdue
University combined the 1971/1975 series of general
soil maps to produce a 1:500,000-scale map of Indiana
showing major soil associations on a broad basis.
Figure 22, adapted from a 1982 revision of the state
map (U.S. Department of Agriculture, 1982), shows
the location of major soil associations in the Lake
Michigan Region.

Figure 22 also shows the regions of similar parent
materials into which the major associations are grouped.
Figure 22 can be useful in relating Region soils to
surficial geology, topography and vegetation types
(see explanatory text accompanying figure 22). A
report by Galloway and Steinhart (1984) discusses the
influences of geology, physiography and climate on
the formation of soil association, and summarizes the
relations among associations occupying specific land-
scape positions.

Soil survey reports (referenced previously) contain
detailed descriptions of soil properties that affect land
use, and include tables which outline the potentials and
limitations of individual soils for cultivated crops,
woodland, urban and recreation uses. Although the
map shown in figure 22 is too generalized for such
detailed land-use planning, it can be used to compare
the suitability of large areas for general land uses.

In addition to its utility in assessing general land
uses, the map in figure 22 also can be helpful in
examining, on a broad basis, the role of soils in the
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REGION 1 - SOILS FORMED IN SANDY AND LOAMY
LACUSTRINE AND EOLIAN SAND DEPOSITS

The nearly level, very poorly drained soils of the Houghton-
Adrian association (B1) formed in organic materials deposited in
ancient lakes, and developed under a cover of trees, shrubs and
sedges. These soils frequently occur as small, scattered muck
pockets; however, two mappable areas occur in the region. One
is located in LaPorte County near the headwaters of the Galena
River, the other is south of Valparaiso. Loamy soils in the Rens-
selaer-Darroch-Whitaker association (C1) predominate on the
nearly level lacustrine plains of the Lake Michigan Region. The
very poorly drained Rensselaer soils occur in swales and broad,
flat areas. Somewhat poorly drained Whitaker and Darroch soils
are found on convex swells in the lake plain. Whitaker and
Rensselaer soils formed under a cover of mixed hardwoods,
whereas Darroch soils developed under prairie grasses. Soils of
the Milford-Bono-Rensselaer association (D1), located in the west
central part of the region, are very poorly drained. The native
vegetation was mainly water-tolerant mixed hardwood and grass
species. The parent materials are calcareous, silty, clayey and
loamy lacustrine deposits.

Well-drained soils of the Tracy-Door-Lydick association (E1)
occupy the pitted outwash fan which extends from eastern Porter
County to northwest St. Joseph County. Only two small areas of
this association occur near the southeastern boundary of the Lake
Michigan Region. The parent materials are loamy and sandy
outwash deposits that were high in sulfur-containing shale parti-
cles and which weathered to form acid soils. The native vegetation
on Tracy soils was mainly oak; on Door it was prairie grasses; and
on Lydick, it was a mixture of the two vegetation types. Tracy soils
are found on 0 to 12 percent slopes. Lydick and Door soils are
mainly on O to 2 percent slopes.

REGION 3 - SOILS FORMED IN ALLUVIAL AND
OUTWASH DEPOSITS

REGION 4 - SOILS FORMED IN EOLIAN DEPOSITS

At the south end of Lake Michigan Oakville-Adrian (F1) associ-
ation soils are found on the high sand dunes and the lower sandy
ridges and wet swales. Oakville soils, formed from dune sand or
beach sand, are on dunes and beach ridges. Comprised of fine
sand throughout, the Oakville soils are well-drained. Native veg-
etation was mainly oak trees. - Adrian, a very poorly drained soil,
formed in 16 to 50 inches of organic material over sands, is found
in the swales between the ridges. Soils of the Plainfield-Maumee-
Oshtemo association (F2) developed in eolian sands and sandy
outwash deposits. Well-drained Plainfield soils have a fine sand
texture throughoutand typically are found on 2 to 12 percent slopes
on sand dunes, where the native vegetation was mainly white and
black oak. Very poorly drained Maumee soils, which are fine sand
or loamy fine sand throughout, occupy the level, low-lying areas
around the dunes. Oshtemo soils, located on outwash plains, are
well drained and are comprised of loamy sands or sandy loams.

REGION 6 - SOILS FORMED IN LOAMY GLACIAL TILL

Well-drained soils of the Riddles-Tracy-Chelsea (L2) associa-
tion are mainly found on 2 to 18 percent convex slopes of the
Valparaiso Moraine in LaPorte County. Parent materials are
glacial till and outwash and native vegetation was hardwood trees.

. REGION 7- SOILS FORMED IN CLAYEY GLACIAL TILL

Soils of the Markham-Elliott-Pewamo (M1) and Morley-Blount-
Pewamo (M2) associations are found on the Valparaiso Moraine in
Lake, Porter and western LaPorte Counties. The parent material
is calcareous silty clay loam or clay loam till. Soils of the Markham-
Elliiott-Pewamo association developed under prairie grasses,
whereas soils of the Morley-Blount-Pewamo association formed
under beech, oak and maple forests. Well-drained Markham and
Morley soils are found on 2 to 12 percent slopes. The somewhat
poorly drained Elliott and Blount soils occupy nearly level areas.
Very poorly drained Pewamo soils are found in drainageways and
swales.
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generation of surface-water runoff. The Soil Conser-
vation Service has classified soils into four hydrologic
groups (A,B,C,D) according to the soil’s ability to
absorb rainfall and thereby reduce runoff. Classifying
bare soils on the Region of their minimum infiltration
rate, after an extended period of wetting, reflects the
properties of both the surface and underlying soil
horizons.

Soils in hydrologic group A have high infiltration
rates even when thoroughly wetted, and consist chiefly
of deep, well to excessively drained sands and gravels.
These soils also have high transmission rates. Plain-
field and Oakville soils, which are found on sand dunes
and ridges just south of Lake Michigan (associations
F1 and F2 in figure 22) and Chelsea (association L2)
which is found on the Valparaiso Moraine in LaPorte
County, are the major soils of the region which natural-
ly fall into hydrologic soil group A. Maumee, Hough-
ton and Adrian soils, found primarily in level, low-
lying areas around dunes or river valleys (associations
F2 and B1), may be classified into hydrologic soil
group A after artificial drainage measures have im-
proved their ability to absorb rainfall and reduce
runoff.

Soils in hydrologic group B have moderate infiltra-
tion and transmission rates. Well-drained soils that
typify this soil group include those that have formed in
loamy glacial till of the Valparaiso Moraine in LaPorte
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County (L2). Other soils classified into hydrologic soil
group B include those that formed on outwash-plain
deposits, such as soils of the Tracy-Door-Lydick asso-
ciation (El).

Soils in hydrologic group C have slow infiltration
and transmission rates. These soils consist chiefly of
soils with a layer that impedes downward movement of
water, or soils having a moderately fine to fine texture.
In the Lake Michigan Region, these soils are found
primarily on the Valparaiso Moraine (associations M1
and M2), where soils have formed on clayey glacial till
deposits in Lake and Porter Counties. Other areas of
C-group soils are found on the nearly level lacustrine
plains of the Region (association C1).

Soils in hydrologic group D have very slow rates of
infiltration and transmission. In the Lake Michigan
Region, this soil group consists chiefly of soils having
a permanent high water table and/or organic materials,
or soils having a clay layer at or near the surface.
Undrained tracts dominated by Maumee, Houghton or
Adrian, Bono or Milford soils (associations F2, B1,
and D1, respectively) are included in this hydrologic
soil group. Undrained depressional areas dominated
by Pewamo soils also are classified in soil group D.
Undrained Pewamo soils commonly are found in swales
and drainageways on the Valparaiso Moraine (associ-
ations M1 and M2).



COASTAL ENVIRONMENT

LAKE MICHIGAN AND ITS COAST
IN INDIANA

Lake Michigan covers 234.5 square miles of the
northwest corner of the state of Indiana, and 45 miles
of its coast are also within the state boundaries. The
Lake and its coast are encompassed within the Lake
Michigan Region as defined in this report.

The present configuration of Lake Michigan and the
other Great Lakes is mainly the result of erosion by
continental glaciers during the Pleistocene Epoch. The
glaciers gouged large depressions into the preglacial
lowlands, removing layers of rock in many places.
Water filled the large depressions during retreat of the
ice sheets at the end of the Wisconsinan glacial period,
thus forming the Great Lakes.

The physiography of the Lake Michigan drainage
basin is the expression of surficial sediments deposited
during the late Pleistocene and Holocene Epochs.
Lake-bed deposits in the southern part of Lake Mich-
igan, including the portion of the lake that lies within
the state of Indiana, include sand near the shore, gravel
from 50 to 100 feet deep, and mud in the deep parts
(Great Lakes Basin Commission, 1976b).

Elongated sand dune ridges landward of the south
shore of Lake Michigan represent late Pleistocene and
Holocene shorelines of ancestral Lake Michigan. Three
of the ridges are major dune and beach complexes
which developed during periods of high semi-stable
lake level. '

Natural processes
Lake-level fluctuations

Fluctuations in Great Lakes water levels have oc-
curred continually since the Great Lakes formed at the
end of the Ice Age. A summary of the late Pleistocene
and Holocene lake-level history in the Lake Michigan
Basin is presented in the box on the next page. The
level of each of the Great Lakes, including Lake
Michigan, depends on the balance between the quan-
tities of water received and the quantities of water
removed. As the supply of water changes under natural
outlet conditions in a lake, the lake-level and outflow
adjust continually to restore a balance between the net

supply of water to the lake and the outflow through its
outlet.

Lake level records have been kept for Lake Michi-
gan/Huron since 1860, at Harbor Beach, Michigan.
The lowest monthly average lake level recorded during
that time, 575.35 feet International Great Lakes Datum
1955 (576.05 IGLD 1985), occurred in March 1964.
The highest monthly average lake level recorded,
581.94 feet IGLD 1955 (582.64 IGLD 1985) occurred
in June 1886. This is a difference of 6.59 feet in water
level since records have been kept.

In this century, the highest monthly average lake
level recorded, 581.62 IGLD 1955 (582.32 IGLD
1985), occurred in October 1986. This century’s in-
stantaneous record high lake level, recorded at Calu-
met Harbor, lllinois was 582.76 IGLD 1955 (583.46
IGLD 1985) at 8:00 am on October 4, 1986.

Lake levels affect extent of flooding, shoreline ero-
sion and shoreline property damage, wetland acreage,
depth of navigation channels and hydroelectric power
output.

There have been record water level lows for Lake
Michigan and the other Great Lakes occurring in the
1920s, 1930s, and 1960s and record highs occurring in
the 1950s, 1970s, and most recently, in 1985 and 1986.
Asaresult of the high water levels of the 1950s, the U.S.
House of Representatives requested that the U.S. Army
Corps of Engineers determine the feasibility of mea-
sures to prevent the recurrence of damages. The Corps
study (1965c¢) consisted of two phases: the first, to look
at the advisability of adopting local projects for flood
control at specific areas along U.S. shores and tributary
streams of the Great Lakes to reduce damage due to
water level fluctuations; the second, to examine the
feasibility of lake-regulation measures to reduce dam-
age. The Corps report contained recommendations
regarding local shoreline protection projects but had no
conclusions or recommendations on the second phase
of the study. The study, however, provided informa-
tion on various lake-regulation plans and associated
cost.

Extremely high lake levels occurring again in the
early 1970s generated a lot of concern. A report was
presented to the International Joint Commission (IJC)
by the International Great Lakes Levels Board (1973)
concerning potential changes in lake-level regulation
plans at existing regulatory sites on the lakes as a means
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ANCESTRAL LAKE MICHIGAN

The complex history of ancestral Lake Michigan began during
the late Wisconsinan deglaciation when the Lake Michigan ice lobe
retreated a short distance from the Lake Border Moraine. Subse-
quent episodes of advance and retreat by the ice margin into and
out of the north and central parts of the basin caused considerable
changes in the water level and areal extent of ancestral Lake
Michigan.

Evidence for major lake events in the Lake Michigan Basin
comes from the extent and altitudes of wave-cut cliffs, beaches,
spits and deltas, and from altitudes of abandoned lake outlets
(Hansel and others, 1985). In addition, radiocarbon evidence has
proved helpful in determining the timing of glacial and post-glacial
events in the basin (Hansel and Mickelson, 1988).

Factors that affected glacial and postglacial lake levels in the
Lake Michigan Basin include: 1) the advance and retreat of ice
margins that blocked or uncovered outlets, 2) downcutting of
outlets, 3) major increases and decreases in the volume of water
entering the lake, and 4) differential isostatic changes in the
altitudes of parts of the basin or outlets (Hansel and others, 1985).
Generally, these mechanisms work in combination to control the
major lake events (lake phases) in the basin.

Reliable information on lake levels in the Lake Michigan Basin
indicates that high semi-stable levels first occurred during the
Glenwood [l lake phase. Initially, the lake level in the basin rose
during the early part of the phase when the northern outlets at the
Straits of Mackinac and the Indian River lowland became closed off
during readvance of the ice margin. The rising lake level activated
the Chicago Outlet, an overflow channel through the Valparaiso
Morainic System and the Tinley Moraine southwest of present-day
Chicago. Conditions at the Outlet were probably partly or entirely
responsible for controlling the high semi-stable lake levels in the
Lake Michigan Basin (Wright, 1918; Bretz, 1951, 1955; Hansel and
others, 1985).

The high semi-stable lake level of the Glenwood Il phase, which
occurred about 12,900 to 12,700 years before present (BP) (Han-
seland others, 1985), resulted in considerable development of the
Glenwood Beach in northwestern Indiana and northeastern lllinois.
Based on the internal architecture of the beach deposits, Thomp-
son (1987) concluded that the elevation of the semi-stabie Glen-
wood level ranged from about 620 to 630 feet (189 to 192 meters)
above m.s.l.

The end of the Glenwood |l lake phase and the beginning of the
Two Creeks lake phase corresponds in time with the deglaciation
of the northern outlets about 12,400 years BP. Drainage through
the northern outlets lowered the ievel in the Lake Michigan Basin
below the present level from about 12,000 to 11,800 years BP
(Hansel and others, 1985).

Readvance of the ice margin soon after 11,800 years BP
marked the beginning of the Calumet lake phase. After the northern
outlets became blocked, the Chicago Outlet was reactivated as the
lake level rose and then stabilized about 11,500 years BP. The
Calumet Beach in northwestern Indiana developed during the
Calumet lake phase when the lake level stabilized at elevations
ranging from 603 to 610 feet (184 to 186 meters) above m.s.l.
(Thompson, 1987).

Retreat of the ice margin from the Straits of Mackinac about
11,000 years BP caused water in the Lake Michigan and Lake
Superior Basins to be confluent with Lake Algonquin in the Lake
Huron Basin (Hansel and others, 1985). As a résult, the lake level
in the Lake Michigan Basin was lowered below the present-day
altitude of Lake Michigan during most of the Algonquin fake phase.
Low lake levels also continued into most of the Chippewa lake

phase which ended about 5,500 years BP.

The transition from the Chippewa lake phase (low lake level) to
the Nipissing lake phase (high lake level) after 6,000 years BP
corresponds approximately in time with the end of the Hypsither-
mal episode of Holocene climatic history, when warmer drier
conditions of early Holocene were replaced by cooler and wetter
conditions in the northern Midwest (Bartlein and Webb, 1982).
Initially, water in the basins of Lakes Michigan, Superior and Huron
were confluent during the early part of the Nipissing lake phase. As
differential uplift elevated the northern outlet at North Bay, lake
levels rose and the Chicago Outlet was reactivated. Lake levels in
the Lake Michigan Basin rose above the present-day level be-
tween 6,000 and 5,000 years BP and attained a maximum level
between 4,700 and 4,000 years BP (Hansel and others, 1985). The
high semi-stable lake levels during the Nipissing phase of ances-
tral Lake Michigan resulted in the formation of the Toleston Beach.
Thompson (1987) indicated that the elevation of the Toleston level
of ancestral Lake Michigan ranged from about 597 to 603 feet (182
to 184 meters) above m.s.l.

A lowering of the lake level about 3,800 years BP marked the
end of the Nipissing lake phase and the beginning of the Algoma
lake phase in the Lake Michigan Basin (see figure). Incision of the
St. Clair River channel at Port Huron was considered to be respon-
sible for the end of the Nipissing transgression, but a more gradual
process in which the rate of erosion of the outlet channel partly
kept pace with ongoing differential uplift probably occurred (Han-
sel and others, 1985). Lake level fluctuations occurring on a scale
of 200 to 300 years characterize the Algoma and Michigan lake
phases. The fluctuations can be thought of as climate-related
changes in lake levels that were adjusted to channel depths of the
St. Clair River at Port Huron (Hansel and others, 1985).

Lake levels during the Algoma phase fluctuated as high as 587
feet (179 meters) above m.s.I. about 3,200 years BP. In addition,
fluctuations as high as seven feet (two meters) above the present
lake level occurred about 1,500, 1,000, and 450 years BP (Hansel
and others, 1985).
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of alleviating problems caused by high lake levels: The
Board found that only small improvements are practi-
cable without costly regulatory works and remedial
measures. The Board also concluded that the most
promising measures for minimizing future damages to
shore property are strict land-use zoning and structural
setback requirements.

In 1981, the International Great Lakes Diversion and
Consumptive Use Study Board, established by the IJC,
examined effects of consumptive use and diversions
on water levels and flows of the Great Lakes Basin. The
Board found that consumptive uses of water reduce the
net water supply to the lakes, thereby lowering lake
levels, resulting in economic benefits to coastal zone
interests and losses to navigation and power interests.
The Board concluded that the diversion rates into,
within and out of the basin cannot be altered to reduce
threat of extreme high levels on the Great Lakes
without causing an overall long-term net economic
loss and that diversion rates cannot feasibly be altered
to reduce threat of extreme low levels on the Great
Lakes during periods of low supplies. The IJC did,
however, recommend to the governments surrounding
the lakes that a mechanism be established for institu-
tional consultation, so that monitoring could be under-
taken and appropriate public policies formulated, to
address potential impacts of new or increased diver-
sions and consumptive uses.

Record high lake levels, occurring again in 1985 and
1986, resulted in a series of studies and publications
concerning Great Lakes water levels. Bixby (1985)
prepared, for the Center for the Great Lakes, an over-
view of Great Lakes Water levels. The U.S. Army
Corps of Engineers (1984a) prepared a publication on
Great Lakes water level facts. Briefings were held by
the Corps (1985) and the International Joint Commis-
sion (1985) with Senators and representatives of the
Great Lakes basin states concerning water levels of the
lakes. The Great Lakes Commission (1986) published
a report concerning water level changes and factors
influencing the Great Lakes.

A recent investigation has been undertaken by the
IJC at the request of the United States and Canadian
governments to re-examine and report on methods of
alleviating the adverse consequences of fluctuating
water levels in the Great Lakes-St. Lawrence River
Basin using the most up-to-date techniques and infor-
mation. Phase I of the International Great Lakes Level
Board (IJC) investigation was completed (1989). Phase
IT was completed in March, 1993,

Phase I (1989) is a progress report which consists of
an Executive Summary, Main Report and seven sub-
ject-specific Annexes. The major conclusions reached
in the Phase I report are that: 1) the Great Lakes water
level fluctuation situation must be approached on a
system-wide basis; 2) that specific measures aimed at
affecting system-wide water level fluctuations are
probably futile; 3) and that there must be a recognition
of need for a fundamental change in the conventional
approach to alleviating adverse consequences. Phase
I identified the priority goals of developing a set of
principles to guide decision-making, a strategy that
could promote effective government action, and a
methodology for evaluating measures for specific,
local situations in a broad and systemic context. Sec-
ondly, Phase 1 also concludes that measures, particu-
larly combinations of measures, may have high poten-
tial for alleviating adverse consequences at specific
locales.

Phase IT aimed at four collective objectives: 1) a set
of binational principles as guides for decision-making;
2) an overall strategy and general plan of action; 3)
improvements in governance; 4) refinements in under-
standing of critical aspects of the system.

As part of Phase II, an options document was com-
pleted and circulated for public comment in November
1992 and a series of public meetings were held in
February, 1993 for public comment on a Draft Final
Report which contained recommendations. The final
report was released in March, 1993. The documents
include information on the following topics: 1) key
results of technical studies; 2) guiding principles for
governments; 3) measures to reduce impacts of fluctu-
ating water levels; 4) emergency actions in response to
crises conditions; 5) institutional arrangements; and 6)
communications practices.

Coastal processes and erosion

The intensity of storms on Lake Michigan plays a
primary role in determining the amount of erosion that
occurs in any given year. Without storms, there would
be no waves or currents to move large quantities of sand
along the beach and lake bottom. Lake level affects
whether waves attack low on the beach face when lake
levels are low, or waves attack high on the back beach
at the base of the erodible dune-bluff (figures 23 and
24), when lake levels are high.

In general, times with high lake levels and severe
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storms usually result in the highest erosion rates along
the unprotected portions of Indiana’s shoreline. Times
of low lake levels and mild storms usually result in low
erosion rates.

Long term records covering both types of erosion
conditions are needed to get a reasonable estimate of
the ‘background’ erosion rates that can be expected for
a particular portion of the shoreline, for use in coastal
zone management planning.

Storm winds generate waves by transferring some of
the wind energy to the surface of Lake Michigan. The
wind energy is stored in the form of waves moving
across the lake surface. Waves grow bigger as more
wind energy is added. Out in deep water, very liitle
wave energy is lost from waves as they move from one
side of the lake to the other. But, when the waves reach
shallow water at the coast, the stored wave energy is
converted into ‘breaking waves’ and ‘water currents’
capable of eroding and moving sand (figure 23).

The strongest and fastest currents found in Lake
Michigan are concentrated around the edge of the lake
in a narrow ‘breaking wave zone’, starting in water
depths between 18 to 20 feet deep and extending to the

beach. This zone is also the location of the greatest
volume of sand transport (littoral drift). _

If wave crests approach the coast parallel to the
beach, sand movement is primarily onshore and off-
shore. But, when waves approach the coast at an angle,
water currents move ‘alongshore’ and can carry sand in
the direction the storm waves are moving. The amount
of sand that moves depends on sand availability, the
size of the waves and the length of time the waves are
present to drive the water currents in one direction.

The ‘net’ direction of sediment movement is the
direction that the largest volume of sand moves over a
given period of time. If a small amount of sand moves
east during the first part of a storm, but more sand
moves west during the latter part of the same storm, the
net direction of sand movement would be toward the
west. If this pattern persists storm after storm, a net
direction of sediment movement is established for that
part of the coastline.

From the Michigan state line to Gary, Indiana, the net
direction of sand movement (littoral drift) along Indi-
ana’s coast is from the east toward the west (figure 25).
But, from the Illinois state line to Gary, Indiana, the net
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Figure 23. Representative profile across Lake Michigan coastal area
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direction of sand movement is from the west toward the
east. These opposite directions of net sediment move-
ment is expected, due to two determining factors
(figure 25).

The first factor is that the most powerful storm waves
approach both portions of Indiana’s coast from the
north, since the strongest storm winds blow out of the
northwest, north and northeast directions. These winds
are able to transfer considerable energy into waves
coming from the north because there is approximately
300 miles of open water between the north end of Lake
Michigan and the Indiana coast.

The second factor actually responsible for the oppo-
site net directions of sand movement, east and west of
Gary, is the different orientation of the shorelines.
Since Gary is located at the southern-most tip of Lake
Michigan, the shoreline east of Gary is oriented in a
northeast by southwest direction. The shoreline west
of Gary is oriented in a northwest by southeast direc-
tion. As storm waves approach from the north, the
different orientation of the shorelines results in both
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currents flowing toward Gary, Indiana.

Seasonal climate and erosion

Winter storms are generally high-intensity and de-
structive in nature, resulting in ‘narrow winter beach-
es’ along the Indiana coast. During the summer, some
storms may be intense, but these are also accompanied
by gentler, constructive wave events resulting in ‘wide
summer beach’ widths.

This seasonal difference in storm intensity results in
beaches coming and going in a yearly cycle of narrow
winter beaches and wide summer beaches. Once cold
winter weather has lowered the surface water temper-
ature of Lake Michigan to near 0 degrees Celsius (32
degrees Fahrenheit), periods of air temperature at or
below 0 degrees Celsius can initiate the formation of
lake ice. When this coincides with winds blowing
onshore, ice can begin to form along the lake’s frozen
beach. The first winter lake ice has been recorded as
early as late December. By January, constant low
temperatures combined with strong winter winds and
waves can push enough ice toward the coast to form an
‘ice complex’ as wide as the breaking wave zone,
composed of alternating high ‘ice ridges’ and low
lagoons. The general location of the ice ridges coin-
cides with the location of the lake bottom sand bars.

Coastal ice provides a buffer between winter storm
waves and the erodible beaches and dune-bluffs, re-
ducing the amount of damage that would occur if the
ice had not formed. Usually by March, warm air
temperatures have caused the ice ridge complex to
break up. Occasionally, a winter season is too warm to
allow the normal formation of the protective shore ice,
allowing winter storm waves to reach the erodible
coast that year. :

Human influence
Man-made lands

The Surveyor General of the United States conduct-
ed a survey of Indiana’s Lake Michigan shoreline
between 1824 and 1849. Between the time of the
survey and 1900, the shoreline was altered significant-
ly by "reclamation" of approximately 700 acres of
"submerged land". These "submerged lands" were
filled either as a result of human activity to create



valuable lake frontage or by natural accretion.

When industry began to expand around the southern
end of Lake Michigan at the beginning of the twentieth
century, land having the potential for industrial devel-
opment was in great demand. Hence, several compa-
nies planned substantial encroachments into the lake to
expand their facilities. In anticipation of industrial
expansion into Lake Michigan, Congress passed a joint
resolution in 1906 which required permits from the
federal government prior to filling of the lake bottom.
The resolution required approval by the Secretary and
Chief of Engineers of the Department of War for the
planned man-made lands in Lake Michigan.

In 1907, the littoral (riparian) owners along Lake
Michigan were given the right by the state of Indiana
to fill in submerged land adjacent to their shoreline
property (I.C. 4-18-13). The legislation stipulated that
man-made fills could not extend beyond lines estab-
lished by the U.S. Army Corps of Engineers; and it
required that accurate surveys of the proposed fills be
made. The legislation further stipulated that after the
survey had been filed with the secretary of state, the
governor shall issue authority to fill in and improve
such land. After the in-fill had been completed,
accurately surveyed, and fees paid, the governor was
required to issue a patent for the man-made land.

Over the years, the filling of the lake bottom along
the Indiana shoreline proceeded at a rapid and steady
pace creating peninsulas of land extending into the
lake. In 1973, the legislation was amended to provide
a discretionary may instead of the mandatory shall in
the issuance of state permits to fill in submerged lands.

The Indiana Department of Natural Resources in
1979 attempted to inventory man-made lands and
compile a complete record of authority-to-fill permits
and patents (IDNR, 1979a). Since the 1907 legislation,
approximately 6515 acres of man-made lands have
been authorized by the state. At the time of the IDNR

inventory in 1979, patents for 3604.436 acres were
located. As of November, 1994, patents for an addi-
tional 448.45 acres have been located and three patents
are pending for an additional 57.593 acres (Personal
communication, James Lewis, Indiana Land Office).
Table 8 provides additional details.

The enabling state legislation for permitting filling-
in submerged lands was further amended in 1990. The
recent amendments provide that old lake-fill permits
were to expire December 31, 1991, unless extensions
were requested. Initially, after the change in legisla-
tion, three permit holders requested extension; howev-
er, as of November 1994, only one permit holder was
requesting a right-to-fill. The permit for extension is
currently under administrative appeal.

The 1990 amendment also stipulated that any permit
for filling or reclaiming land issued after June 30, 1990
now expires five years after the date the permit was
issued.

 Structures perpendicular to the shoreline

Man-made lakefill structures and breakwaters, ori-
ented perpendicular to the shoreline, divide the Indiana
coastline into five segments called ‘littoral cells’ (fig-
ure 26). This report is adopting the same littoral cells
defined by the U.S. Army Corps of Engineers for
Indiana’s Lake Michigan coast. Large structures can
restrict or even block the movement of sand into and
out of these cells. Reaches 1 and 2, between Michigan
City and the Port of Indiana comprise a single littoral
cell.

If a structure extends far enough out into Lake
Michigan that it reaches beyond the lakeward bound-
ary of the breaking wave zone, the structure may block
virtually all (100 percent) of the sand from passing that
point. This structure is called a “primary sand trapping

Table 8. Man-made land along the shoreline of Lake Michigan
Man-made lands acres
Authorized by the state of Indiana in 1907 6515.783
Filled and patented (1979 IDNR study) 3604.436
Filled, but no patent located (1979 IDNR study) 84.469
Filled, but exempted from state permit 87.000
Additional filled and patented (to Jan. 1993) 448.450
Filled, patent pending 57.593
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Figure 26. Location of five littoral cells along the Lake Michigan shoreline in Indiana
(adapted from Wood and others, 1988)

structure’ and is classified as a ‘total littoral barrier’. If
little or no sand can enter or leave either end of a cell,
a ‘closed littoral cell’ is created. The sand in a closed
cell can move back and forth within that cell, but that
sand is not available to contribute sand to an adjacent
cell. Erosion of beaches and dune-bluffs continues to
add sand to the littoral drift, replacing sand that is lost
to deeper water offshore during intense storm events.

Smaller structures which do not extend out beyond
the lakeward boundary of the breaking wave zone may
form a ‘partial littoral barrier’. These are called ‘sec-
ondary structures’ if they block and retain only 25 to 75
percent of the sand moving along the coast. In this case
sand leaks around the lakeward end of the structure,
from one littoral cell to another. ‘Tertiary structures’
are smaller still, and usually affect less than 25 percent
of the breaking wave zone width. On the updrift side of
a littoral barrier, erosion may decline or stop as an
accretional ‘“fillet’ (figure 27) forms a widening beach
in response to sand being trapped. The volume of sand
retained determines the size of the fillet. If sand
accumulation continues over a long period of time,
wind transport of dry sand to the back beach area can
begin to create new sand dunes. This blowing sand is
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usually trapped and stabilized by native dune grasses
which contribute to dune height growth. This process
occurs at three locations along Indiana’s shoreline; east
of Michigan City, east of the Port of Indiana in Portage,
and east of the U.S. Steel lakefill breakwater in Gary.
In response to sand accumulating against the east
side of the U.S. Steel breakwall due to net westward
sand transport, new vegetated dunes have grown 117
feet lakeward and beach widths have grown 170 feet
lakeward between 1967 and 1979 in this accretional
area. :
When sand (littoral drift) is abundant enough to
maintain wide beaches and broad offshore sand bars,
the erodible portions of the Indiana coast are provided
considerable protection from storm waves. However,
erosion may still occur even under ideal conditions if
severe storms and high lake levels occur together.

Effects of shore-parallel man-made structures
Shore protection structures, oriented parallel to the

shore, tend to increase erosion rates on adjacent prop-
erty by creating a non-eroding coast of sheet steel,
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concrete, and wooden walls or rock revetments. While
these structures do not stop sand from moving along the
beach and lake bottom, they prevent erosion which
normally would have contributed sand to the littoral
drift necessary to maintain protective beaches and
offshore sand bars. This lack of sand contribution
creates a ‘sand-starved’ condition in front of the ero-
sion protection structure. Reduction of this ‘sand
deficit’ is usually accomplished at the expense of the
adjacent erodible coast (figure 28).

In general, areas of Indiana’s coast that are continu-
ally ‘sand starved’ usually have ‘long-term erosion
rates’ consistently higher than other parts of the coast.

Erosion on the downdrift side of man-made
structures

If sand (littoral drift) is not abundant enough to
maintain wide beaches and broad sand bars at a partic-
ular location, erosion rates may be higher there com-
pared to other parts of the coast, even though the same
wave energy and lake levels are present at both sites.
The deficit of sand may be due either to natural or man-
made conditions.

Erosion rates usually increase dramatically on the
downdrift side of a new structure as a result of severe
sand-starved conditions created by sand being retained
on the opposite (updrift) side of the littoral barrier.
When no input of sand is available to replace sand that
continues to be moved away from the structure in the
downdrift (net) direction, beach- widths become nar-
row and the offshore sand bars lose height and width.
This allows more wave energy to reach the shoreline,
increasing erosion of the erodible beach and dune-
bluffs.

In July 1986, The Great Lakes Coastal Research
Laboratory, Purdue University initiated a study to
assess shoreline conditions and lake dynamics along
Indiana’s 45 miles of coast (Wood and others, 1988).
The study was designed to incorporate existing beach
and nearshore survey data bases, recent aerial photog-
raphy, wave climatology, and coastal dynamics mod-
els to produce an evaluation of present coastal condi-
tions and potential coastal hazards. The following
general discussion about erosion rates was taken from
the completed study. Appendix 4 contains additional
details of structural impact to sand movement at spe-
cific sites along the shoreline of Lake Michigan in
Indiana.
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BEACH NOURISHMENT

Protecting the natural shoreline from erosion using breakwalls,
bulkheads and rock revetments creates detrimental “sand-
starved” conditions by retaining sand that would normally have
eroded and provided the sand necessary to maintain beaches and
offshore sand bars. While these “hard” structures controt erosion
in one location, the resulting sand-starved conditions cause in-
creased erosion on unprotected adjacent properties.

An alternative method of reducing or temporarily stopping ex-
cessive erosion of the natural coast is to provide a “man-made”
beach and dune-bluff. Feeding sand to a coast is referred to as
“beach nourishment”. Beach nourishment works by reducing
sand-starved conditions by supplying sand needed for waves and
currents to rebuild and maintain the natural protective beach and
sand bar system.

“Hard” structural methods of erosion prevention directly oppose
powerful erosive wave forces right at the shoreline. In contrast,
beaches and sand bars are nature's way of gradually dissipating
storm wave energy across the width of the breaker zone before the
waves reach erodible dune-bluffs.

The supply of beach-nourishment sand can come from many
sources. When a coastal structure traps sand on one side,
creating erosion problems on the downdrift side, the trapped sand
canbe dredged and moved (by-passed) around the structure. This
mechanical by-passing of sand places the same sand on the
downdrift shoreline that would have arrived there naturally if the
structure was not present. Sand trapped by a structure can also
be moved back updrift (back-passed) to the portion of the coast
where it eroded.

In some areas, sand deposited by glacial ice or by coastal
processes during ancient lower lake level stages, may exist off-
shore and could be used as nourishment material. However, it is
essential to insure that removal of offshore material does not
adversely affect the way waves approach the shoreline. If deep-
ening offshore water depths results in more wave energy reaching
the shore, the benefits of placing that sand on the beach may be
offset by increased erosion rates.

When potential sources of natural sand serve a more useful
purpose where they are, or there is no other readily available
source of beach-nourishment sand along the coast, sand can be
obtained from inland sources, like quarries, and trucked to the
beach.

Quarry sand can be “sized” to either match the natural beach
material, or be slightly or significantly larger than the native beach
sand. Properly sized sand is able to remain on the shoreline and
move between the beach and offshore sand bars just like the native
sand would. If the nourishment sand is too smali, it may be carried
so far offshore during a storm, that it is lost from the littoral
transport system.

Beach nourishment sand must be free of contaminants that
might be suspended or dissolved in the water as the sand is
reworked by storm waves.

The most significant advantage of beach nourishment over
“hard” coastal structures is that beach nourishment does not
cause sand-starved conditions; it actually reduces the deficit of
sand.

Erosion and reworking of nourishment sand provides three
important beneficial effects. First, beach-nourishment sand di-
rectly protects the natural dune-bluffs from wave attack by serving
as a sacrificial dune and beach buffer zone between the waves and
the previously eroding natural coast. Second, beach nourishment
reduces erosion on adjacent properties by supplying sand to the
regional beach and sand bar system. Both the beach nourishment
project site, and the adjacent shoreline benefit from the placement
of nourishmentsand. This contrasts with the construction of “hard”
structures which protect one area from erosion while increasing
erosion in another. Third, beach nourishment creates beaches
that can be used for recreation. The gentle siope of the beach face
helps dissipate wave energy as waves rush up the surface. These
lower energy conditions allow sand to settle out and remain close
to and rebuild storm damaged beaches.

In contrast, “hard” structures tend to reflect some wave energy
back offshore. This refiected wave energy interacts with incoming
waves, increasing the amount of wave energy immediately off-
shore of the structure. Higher.energy conditions tend to push sand
away from the wall, creating deeper water instead of a beach.
Consequently, beaches tend to disappear from in front of “hard”
walls that come in direct contact with waves.

The decision of which method of erosion protection to use
depends on whether the presence of a beach is important to the
use of the shoreline, and whether erosion on the shoreline adjacent
to the project is of concern.

With time, beach-nourishment sand is completely mobilized as
it moves down the shoreline providing protection to downdrift
property owners as new beaches and sand bars. When all the

The Mt. Baldy shoreline, located immediately down-
drift of the Michigan City breakwater complex has
been observed to erode more than 20 feet in one storm
season. This Mt. Baldy area has a ‘long-term’ back-
ground erosion rate of approximately 10 feet per year,
compared to the average background erosion rate of 3
feet per year or less along most of Lake Michigan’s
coastline.

In the central portion of Mt. Baldy, a total of -65 feet
of dune-bluff recession occurred from July 1983 to July
1985. This excessively high loss rate occurred during
the time Lake Michigan was approaching its recent
October 1986 high lake level. This short-term average
erosion rate of over 30 feet per year far exceeds the
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long-term average of 10 feet per year mentioned above.

The dune-bluff recession rate on a survey station
west of Mt. Baldy (SR-12, Wood and others, 1988) was
only 21.5 feet per year from 1983 to 1985. The
recession rates farther to the west (survey stations SR-
10 and SR-8) are approximately -5 feet per year for the
same period. This decrease in short-term erosion rates
from the east toward the west is expected because
erosion rates are generally highest immediately down-
drift of a sand-trapping structure where sand-starved
conditions are most severe (Mt. Baldy). With increas-
ing distance from the breakwater structure (survey
lines SR-12, SR-10 and SR-8, respectively) the contri-
bution of sand from erosion of the beach, dune-bluff



beach-nourishment sand is carried downdrift, the project site must
be “renourished”. The life of a nourishment project may vary
depending on many factors, including: the volume of sand placed,
lake level, intensity of storms, protection from severe winter storm
waves by shore ice, proximity to “hard” shore protection struc-
tures, the sand sizes used, and the extent of sand depletion of the
natural beach and offshore sand bar system before the nourish-
ment was placed.

In a similar fashion, every “hard” structure must be maintained
and repaired after being exposed to the forces of Lake Michigan
over a given time period. Small scale beach nourishment projects,
as part of routine and emergency dredging projects, occur on a
nearly yearly basis along the Indiana shoreline. Maintaining open
boat channels, keeping water intake crib facilities clear of clogging
sand and new construction are the primary reasons for dredging.

The State of Indiana has taken the position that beach nourish-
ment is beneficial, and should be encouraged aiong the Lake
Michigan shoreline whenever possible.

State law IC 14-3-15-2, called the “Sand Nourishment Fund”
provides a mechanism to protect and increase sand in Indiana
along Lake Michigan. Coastal communities can obtain funds
through their local state representatives which can then be used
for 1) the deposit of sand along the coast of Lake Michigan in
Indiana, 2) the design and establishment of systems that cause
sand to be deposited along the coast of Lake Michigan in Indiana,
and 3) the prevention or reduction of the degradation of sand along
the coast of Lake Michigan in Indiana.

Under another State law, IC14-3-1-14.4, the IDNR imposes a
royalty fee for Lake Michigan dredge permits for removal of miner-
als from its bed. However, as an incentive, this royalty fee can'be
waived if dredging projects agree to place suitable dredge materi-
als along the Lake Michigan shoreline as beach nourishment for
the beneficial use of the general public. Unfortunately, in the past,
clean lake sand used to be barged to deep water and dumped
because it was a cheap method of disposal. Downdrift shorelines
in Indiana suffered severe erosion as a result of this past practice.

While beach nourishment is encouraged, “hard” coastal erosion
prevention structures may serve as a backup line of defense in
case funding or sand to renourish a beach is not readily available.
Therefore, a combination of beach nourishment and a "hard”
structure might be used in residential coastal communities where
a rapid loss of beach nourishment and dune-bluff might threaten a
home in a single storm event. ’

Industrial property and many houses focated on Indiana’s coast
already use “hard” walls and rock revetment to protect their
property from destruction by erosion. But only the communities of
Ogden Dunes and Beverly Shores have been actively using the
combined protection of “hard” protective measures and beach
nourishment. The nourishment sand is regularly provided by the
dredging efforts of the Northern Indiana Public Service Company
{NIPSCO). NIPSCO (Bailly Plant) must dredge to keep its water
intake from being clogged by Lake Michigan sand trapped updrift
of the Port of Indiana. Seventy-five percent of the dredged sand is
“by-passed” to Ogden Dunes and deposited on the outer sand bar
in approximately 12 feet of water. The other twenty-five percent is
"back-passed” to Beverly Shores.

Two designed beach nourishment projects have been conduct-
ed by the Federal government in Indiana. The first was in 1974
when 227,000 cubic yards of sand was placed along 3000 feet of
the shoreline in front of the Mt. Baldy sand dune downdrift of
Michigan City. One mile downdrift of this site, 13,000 linear feet of
rock revetment was placed along the shoreline of Beverly Shores.
The second beach nourishmentin 1981 was at the same Mt. Baldy
location but on a smaller scale of only 80,000 cubic yards. Both
were extremely successful at stopping the devastating erosion
while the nourishment sand lasted. There is a third beach nourish-
ment project under study by the Chicago District of the U.S. Army
Corps of Engineers which proposes to nourish the entire two miles
of shoreline between Michigan City and Beverly Shores. The time
of implementation is uncertain at this time.

Another alternative gaining support on Federal and State levels
is the establishment of “set-back” criteria creating zones where
construction in “high erosion hazard” areas is regulated. Indiana
does not yet have set-back legislation as of this writing. However,
if Indiana becomes part of the federal Coastal Zone Management
program, passage of this type of law would be recommended.

A set-back line is determined by taking the “long term average
erosion rate” (such as 10 ft/yr) and multiplying it by 30 years. This
“30 Year Set-Back” line would then be 300 feet back from the top
of the dune-bluff. Theoretically, this would give a structure built
behind that line a life expectancy of 30 years, before it would have
to be torn down or moved before it fell into the iake due to erosion.
The use of beach nourishment could possibly extend the life
expectancy of a house built in a set-back restricted zone.

and offshore sand bars gradually reduces the severity
of the sand-starved conditions, resulting in lower ero-
sion rates.

In Portage, sand accumulation updrift (east) of the
Port of Indiana caused beach widths to expand lakeward
more than 500 feet between the time construction
began in 1967 to 1984 (Wood and others, 1988§).
Immediately downdrift of the Port of Indiana, the
Ogden Dunes shoreline began to erode at a rate higher
than historical background rates shortly after the Port
of Indiana breakwater and bulkhead complex was
begun. As sand was trapped and retained on the updrift
(east) side, sand-starved conditions were created to-
ward the west at Ogden Dunes.

The U.S. Steel lakefill breakwater, located at the
southern-most tip of Lake Michigan in Gary does not
have a high erosion condition associated with either
end of its structure, even though it extends approxi-
mately 2000 feet out into Lake Michigan. On the east
side, sand accumulates due to the net westerly move-
ment of sand. Toward the west there is approximately
6.8 miles of armored harbors and industrial bulkheads
protecting the coast, extending well into the part of
Indiana’s coast where net littoral drift is in an easterly
direction. Therefore, both ends of the structure, stretch-
ing from the Gary Harbor complex (in the east) to
Buffington Harbor (in the west), could be considered
‘updrift’ ends.
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Shoreline management in Indiana

Management of Indiana’s shoreline is subject to a
diverse array of federal, state and local jurisdictions.
Both the State and Federal governments have co-
jurisdiction over the waters and bed of Lake Michigan
in Indiana, and the navigable streams, rivers and other
tributaries that drain water from Indiana’s portion of
the Lake Michigan watershed. The Indiana Dunes
National Lakeshore federal park also has concurrent
jurisdiction over a portion of Lake Michigan’s waters
within 300 feet of the shoreline within park boundaries.

The boundary between State and local jurisdiction is
defined by a fixed elevation, the Ordinary High Water
Mark (OHWM) of 581.5 feet IGLD 1985. This bound-
ary lies along the line where the OHWM elevation
meets either the sand of the shoreline or the face of a
coastal structure.

Since coastal processes are dynamic, the location of
the boundary between State and local jurisdiction
changes with accretion or erosion of a particular por-
tion of the shoreline. When sand accumulates and the
shoreline expands lakeward into Lake Michigan, the
boundary line also moves lakeward, increasing the area
under local jurisdiction. In contrast, when erosion
occurs, the boundary line moves landward, decreasing
the area of local jurisdiction. Therefore, when the area
of local jurisdiction increases, the area of State juris-
diction decreases. When the area of local jurisdiction
decreases, State jurisdiction increases. The fourty-five
mile strip of Indiana’s Lake Michigan shoreline is a
truly unique resource of the state. It provides vast
opportunities, even though it is a relatively short,
narrow corridor of land. An otherwise landlocked state,
Indiana is provided opportunities by its lakeshore that
might not ordinarily be realized by a mid-continent
state: a vast fresh-water supply for the coastal popula-
tion and industry, food supply, international commerce
and economic potential, energy, recreation, and places
of great natural beauty and unique ecological relation-
ships.

Although a very limited resource, Indiana’s shore-
line has much to offer to many diverse users; hence,
competition and conflicts are inevitable. Historically,
significant changes have occurred along the shoreline
as aresult of the competition for use; and the shoreline
now accommodates a diversity of uses, ranging from
heavy industry to environmental preservation.

During the past two decades, numerous situations
have focused public attention on the lakeshore. High
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lake levels in the mid-1970s and mid-1980s, severe
erosion of the lakeshore, and destruction of homes and
beach property have caused citizens to have a more
than casual interest in coastal processes and dynamics.
Changes in the steel industry have affected the econo-
my, the population, and the land use adjacent to the
lakeshore. Conflicts among users of the lake, for
example, swimmers vs. watercraft have resulted in
questions of lake access. Water quality concerns for
the lake and its shore have caused changes in business
practices and waste treatment and discharge.

Significant economic, social and physical changes
are once again occurring along the coast. A six-city
Lake Michigan Marina Development Commission is
developing marinas, and local governments are anx-
jous to use their shorelines to stimulate economic
diversity. Steel mills are downsizing and citizens are
urging preservation and restoration of the shoreline
environment. It is predictable that conflicts and prob-
lems associated with changing use of Indiana’s Lake
Michigan lakeshore will persist.

If Indiana’s Lake Michigan shoreline is to fulfill its
potential for recreational and economic growth, a
balance must be found among diverse land and water
uses. For nearly two decades, there has been a growing
recognition of the need for a sound coastal manage-
ment strategy, policy and plan to protect and, where
possible, to reclaim Indiana’s coastal zone by manag-
ing and using this environmentally sensitive area
wisely.

Coastal Zone Management Program

In the late 1970s, Indiana received program planning
funds from the federal Coastal Zone Management
program. A number of important technical studies
resulted, but the state did not meet all requirements for
ongoing participation in the federal program.

A new initiative is currently underway to build a
coastal zone management program for Indiana. Much
of the discussion in this report related to Coastal Zone
Management is taken from a document entitled “To-
ward a Management Plan for Indiana’s Shoreline on
Lake Michigan” prepared for the Indiana Department
of Natural Resources by the Northwestern Indiana
Regional Planning Commission, January 1993. The
initiative was undertaken to compile a body of knowl-
edge about the coastal zone and to determine whether
an Indiana coastal zone management plan would con-



form to requirements of an existing federal program or
be independently developed by a state-local consor-
tium or other mechanism.

The completed report is in two volumes. Volume I
consists of four chapters. The first chapter discusses
statements and written submissions, which were solic-
ited as part of a series of public meetings held in
Whiting, Gary, Portage, and Michigan City, to discuss
the future of Indiana’s shoreline. The second chapter
is a survey of federal, state and local statutes which
govern Indiana’s coastal zone. The third chapter
assesses the federal Coastal Zone Management pro-
gram and the opportunities and constraints it offers the
state of Indiana. The fourth chapter recommends steps
toward the development of an Indiana shoreline man-
agement program. Volume II presents a bibliography
of existing plans, studies and reports about Indiana’s
coastal zone.

Major conclusions reached by the preparers of the
coastal zone management report are: 1) Existing and
emerging Indiana shoreline problems and opportuni-
ties require regional comprehensive planning and pol-
icymaking. Such issues as demand for public access,
conflicts among shoreline users, development pres-
sures on remaining natural areas, development of
marinas and related facilities, residential versus recre-
ational development, changing land and water uses due
to surplus industrial lands, the need for environmental
remediation and restoration, shoreline erosion, tour-
ism and economic development, can best be addressed
through the planning and policymaking framework of
a shoreline management program; 2) The land and

water uses of Indiana Lake Michigan shoreline are
regulated and controlled by a piecemeal scheme of
federal, state and local statutes, rules and regulations.
A comprehensive, shoreline-wide plan is needed. 3)
Indiana’s participation in the federal Coastal Zone
Management program would be of assistance in the
above regards.

During the course of researching the Coastal Zone
Management (CZM) program, staff of the Northwest-
em Indiana Regional Planning Commission (NIRPC)
concluded that the federal program offered Indiana the
necessary regulatory framework and incentives to prop-
erly manage its shoreline. Thus, NIRPC staff felt that
preliminary findings regarding the CZM program war-
ranted the early attention of the Indiana Department of
Natural Resources (IDNR).

Thus, in January, 1992, NIRPC staff met with repre-
sentatives of the IDNR to apprise them of the opportu-
nities and requirements of the federal CZM program
and the potential for obtaining a grant in fiscal year
1993 to begin development of an Indiana Coastal Zone
Management program. Steps were consequently taken
to acquire a program development grant under Section
305 of the Coastal Zone Management Act. Indiana has
received a federal grant for $166,000 for October 1993
through September 1994 to begin development of an
Indiana CZM program. An additional grant has been
pursued for 1994-1995 and it is anticipated that an
approvable Indiana CZM program will be submitted
for inclusion in the federal CZM program in the fall of
1995.
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SURFACE-WATER HYDROLOGY

The surface water resources of the Lake Michigan
Region include Lake Michigan; the Little Calumet,
Grand Calumet, and Galena Rivers; Trail Creek; an
extensive network of smaller tributary streams and
ditches; several natural and man-made lakes; ponds
and man-made excavations; and scattered remnants of
marshes, swamps, and other wetlands.

These surface-water features comprise a consider-
able part of the hydrologic cycle (figure 2). The
hydrology of lakes, streams, and wetlands is not only
closely related to precipitation, but also to topographic,
geomorphic, and hydrogeologic conditions.

HISTORICAL PERSPECTIVE

The present surface-water hydrology of the Lake
Michigan Region is markedly different from the natu-
ral drainage conditions that existed prior to permanent
settlement of the area. Extensive industrialization and
urbanization of the region during the 1800’s and 1900’s
led to considerable alteration of the original landscape
and the natural surface-water hydrology.

The most extensive changes include modification of
the Lake Michigan nearshore and lakeshore areas and
channelization of the Grand Calumet and Little Calu-
met Rivers. After the construction of harbors and
canals in the region, industries expanded lakeward as
submerged areas in the northwestern part of the Region
were filled in with slag. In addition, lakeshore low-
lands containing swamps and marshes were filled with
sand from nearby dune and beach complexes.

Significant changes in the surface-water hydrology
of the interior parts of the Lake Michigan Region also
occurred. Most of the changes were confined to central
Lake County, where large ditches were constructed to
improve drainage. Several residential communities
are built on areas that were poorly-drained.

Early and recent history

Until the latter part of the 19th century, the natural
character of the Lake Michigan Region hydrology was
little altered from what existed when the present shore-
line of Lake Michigan was formed 2,500 years ago.
Headwater streams flowed from the crest of the Val-

paraiso Moraine to join sluggish rivers which traversed
areas of gentle relief in the Calumet Lacustrine Plain,
then emptied into Lake Michigan. The courses of the
lowland streams were influenced by a series of dune-
capped beach ridges which provided the only major
topographic expression on the otherwise featureless
lake plain. Water tended to collect in the long strips of
narrow land lying in the shallow valleys between the
ridges to form ponds, marshes, swamps, and languid
rivers.

A history of fluctuating lake levels and paleoshore-
lines of ancestral Lake Michigan are recorded in the
dune-beach complexes which occupy the Calumet lake
plain. Three relict beaches capped by sand dunes
(figure 16), and the modern dunes of present day Lake
Michigan extend across the Calumet Lacustrine Plain
approximately parallel to the Lake Michigan shore-
line. From south to north and oldest to youngest, the
dune-beach complexes are the Glenwood, Calumet,
Toleston and the Lake Michigan sand hills. Additional
details about ancestral Lake Michigan and its shore-
lines may be found in the chapters on Physical Envi-
ronment and Coastal Environment.

Between the Calumet Beach Ridge (figure 16) and
the Lake Michigan sand hills lay a broad level wetland.
While patches of marsh and swamp dotted the Calumet
region both further inland and among the sand hills, the
wetland north of the Calumet Beach Ridge was distinc-
tive in its shape as a single continuous strip. From
Michigan City west through the Indiana Dunes Nation-
al Lakeshore lay the Great Marsh, which averaged half
amile in width and included a northern rim of timbered
swamp and a broad, grassy wetland. The Great Marsh
was centered on Dunes Creek, which flowed into Lake
Michigan through a channel between the dunes (Cook
and Jackson, 1978). To the west of the Great Marsh, the
wetland was reduced to a narrow strip approximately
one-quarter mile wide which included wet grassland
and a white pine swamp. Still further west, the wetland
broadened again to encompass the lower meanders of
the Little Calumet River where the river breached the
Calumet Beach Ridge and skirted its northern slope.
The vast wetland evolved primarily as shallow back-
waters of Dunes Creek and the Calumet rivers and as
long shallow lagoons left between high beach ridges
when lake levels of ancestral Lake Michigan dropped.
The Great Marsh still exists, but most of the wetland
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further west is only a memory.

The sand hills or dunes near Lake Michigan lay to the
north of the Great Marsh and the marshes of the Little
Calumet River. Between the sand hills, depressions
scoured out by the wind held pockets of wetlands. A
remaining example of such intradunal ponds may be
found behind the foredunes on present-day West Beach
near Ogden Dunes. There were also parallel beach
ridges with intervening swales which contained classic
interdunal wetlands such as the ones found in Miller
Woods at Gary. Geographically part of the sand hill
area, the inter- and intradunal wetlands were separated
by higher topographic contours from the broad marsh-
es of the Little Calumet and the Great Marsh to the
south. Through most of the nineteenth century, the
sand hills or dunes near Lake Michigan were isolated
from the rest of the region by the intervening marsh-
lands of the Great Marsh and the marshes of the Little
Calumet River.

Wetlands were generally considered wastelands,
unsuitable for development or farming, except for
pasture and water-tolerant crops. The earliest exten-
sive use people made of the vast Calumet wetland areas
was for the plant and small animal life to be found there.
Hunting, trapping, and gathering of native plant life
thrived. Small mammals of the marsh and swamp were
important to the fur trade in the early years of the
nineteenth century. The first and only permanent white
settlement in the early history of the area was a trading
post established by Joseph Bailly in 1822. The com-
mon muskrat was the staple, but otter and mink, and
other small wetland mammals lived on into the twen-
tieth century to provide food and sport for area resi-
dents (Cook and Jackson 1978).

In addition to mammals, an abundance of wild fowl
attracted hunters to the many wetlands of the Calumet
region. Wild rice attracted birds to the marshes. The
Lake County marshes of the Little Calumet became
especially famous for water birds. The lagoons around
the old Indiana mouth of the Grand Calumet also
became famous for birds, providing a resting place for
migratory swans as late as the 1960°s. Although the
Great Marsh did not achieve equal fame for wild fowl,
it too attracted nesting and migratory birds. In spite of
hunting and reduced habitat, most bird species have
survived in the area including the sandhill crane and
great blue heron (Cook and Jackson, 1978).

Useful plants were also available in the wetland
areas including a wide variety of herbs and spices such
as wild peppers, mints, and ginger. The shrub layer
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contained a wide variety of berry-bearing species
including wintergreen, blackberries, huckleberries,
blueberries and cranberries. A large cranberry marsh,
measuring about one-sixth of a mile from north to
south, once existed in the southeast part of the town of
Dune Acres until it was drained to make way for a golf
course.

In 1850, Congress gave the “swamp lands” of the
country to individual states in which they were located.
The swamp lands were to be sold and the money used
to drain and “reclaim” the lands. Swamp land in the
Calumet region sold for an average of $1.25 per acre
and has since been drained extensively for various
types of development.

Because the beach ridges of the Calumet Lacustrine
Plain were high and dry in an otherwise relatively
impenetrable wetland area, they became major trans-
portation routes, first as Native American trails and
later as railroads. The first substantial modification of
the Calumet region began in 1851 as railroad fracks
were constructed through the Calumet lake plain to link
the rapidly-growing city of Chicago with older cities
such as Fort Wayne, Indianapolis and eastern seaboard
cities.

Growth of the Chicago and Gary areas, advances in
transportation, and development of technologies inten-
sified the pressure on the once isolated wetland areas.
Improved transportation systems made the areas easily
accessible for recreational, residential and industrial
development. Sand mining and dredging became a
major activity in the Calumet lake plain.

During the twentieth century, however, conflicts
arose over land use of the lakeshore region and the
accompanying dune complexes. Indusiry was interest-
ed in port development on Lake Michigan, and many
residents were interested in preserving the natural
beauty of the area.

The first official act to preserve part of the dunes and
wetlands along the south shore of Lake Michigan was
the creation of Indiana Dunes State Park in 1925
between Dune Acres and Beverly Shores. In 1966,
Congress devised a compromise between the two
conflicting uses by creating both the Port of Indiana
and Indiana Dunes National Lakeshore.

The Calumet River System

The Little Calumet and Grand Calumet Rivers have
a long history of channel modifications, flow reversal



and diversions. Both rivers were parts of a single river
called the “Calumet River”, which flowed sluggishly
westward through the Calumet Lacustrine Plain from
its headwaters in LaPorte County, Indiana (Cook and
Jackson, 1978). The Calumet River made a hairpin
turn near present-day Blue Island in [ilinois and flowed
eastward, back into Indiana, before discharging into
Lake Michigan at present-day Marquette Park Lagoon
in Gary. Another, much smaller “Calumet River” in
Illinois drained Lake Calumet into Lake Michigan.

The two “Calumet” rivers were thought to have
become connected more than a hundred and fifty years
ago (Moore, 1959) by a channel created by Indians
pushing and pulling canoes through the marshes be-
tween Wolf Lake and Lake Calumet. During the early
1800’s the larger and smaller Calumet Rivers were
permanently connected by a canal which was built at
the site of an Indian portage in Illinois (Cook and
Jackson, 1978).

Segments of the modified drainage network were
given the present-day names “Grand Calumet River”
and “Little Calumet River” as early as 1821 by survey-
or John Tipton (Indiana Historical Bureau, 1942). The
segment of the larger Calumet River upstream from the
canal is the present-day mainstem of the “Little Calu-
met River”, and the segment between the canal and its
mouth in Gary is the present-day “Grand Calumet
River”. The river that drains Lake Calumet into Lake
Michigan is presently called the “Calumet River”,
although Tipton considered it part of the Grand Calu-
met River (Cook and Jackson, 1978).

Following construction of the canal, the mouths of
the Calumet and Grand Calumet Rivers frequently
became clogged with sand, refuse, and weeds. The
mouth of the Calumet River in Ilinois was cleared
during development of the Calumet Harbor at Chicago
in the 1870’s, promoting greater flow toward Illinois.
Eventually, the mouth of the Grand Calumet River near
the present-day Marquette Park Lagoon became per-
manently closed (Cook and Jackson, 1978). The present
outlet for the Grand Calumet River was created in the
early 1900’s when the Indiana Harbor Ship Canal in
northwestern Lake County was completed.

Large-scale modification of the watershed of the
Little Calumet River began in 1850 when Hart Ditch
was excavated from the town of Dyer to a site near
Munster to improve local drainage. The Upper Plum
Creek Basin in Illinois, formerly drained by Thorn
Creek, became part of the Hart Ditch watershed. In the
early 1900’s, the watershed of Hart Ditch was in-

creased when the Cady Marsh and Spring Street Ditch-
es were constructed to drain marshlands. The drained
areas are now occupied by parts of Highland, Griffith
and Schererville.

A drastic change in the hydrologic regime of north-
western Indiana occurred after 1922 following con-
struction of the Calumet Sag Channel in Illinois. This
new channel connected the Little Calumet River at its
hairpin turn in Illinois to the Chicago Sanitary and Ship
Canal. Runoff from part of the Little Calumet River
watershed was diverted out of the Lake Michigan
drainage basin via the Calumet Sag Channel and into
the Mississippi River Basin.

Further changes to the watershed of the Little Calu-
met River occurred in 1926 when Burns Ditch was
constructed between Deep River in Lake County and
Salt Creek in Porter County to improve local drainage.
This area was traditionally known as “the marshes of
the Little Calumet” because the river had no definable
banks in the midst of swampy or marshy wetlands, and
in some places the river widened into lake-like sheets
of water that exceeded one mile in width (Cook and
Jackson, 1978).

Excavation of Burns Waterway from Burns Ditch to
Lake Michigan in 1926 caused flow from the eastern
part of the Little Calumet River to be diverted directly
into Lake Michigan.

Periodic dredging is required in the Calumet River
System to maintain navigational channels at autho-
rized depths to accommodate large, deep-draft com-
mercial ships. The dredged sediments, however, are
polluted and pose a disposal problem. Discussion on
dredging activities in the Region may be found in the
Surface-Water Quality section of this report.

The Little Calumet River watershed still contains
many poorly-drained areas. The floodplain of the main
river and its tributaries is one of the most flood-prone
areas in the state.

Levees and flood control
The Little Calumet River Basin

The Calumet Lacustrine Plain in northwestern Indi-
ana and the adjoining region in northeastern Illinois
contain areas that are highly susceptible to flooding.
Areas lying close to the mainstem of the Little Calumet
River and its tributaries in northern Lake County have
one of the most critical flooding problems in Indiana.
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In general, floods in northern Lake County occur
almost every year and may last up to a few weeks.

Limited flood protection along the Little Calumet
River historically has been provided to some extent by
banks of dredge spoil from early channelization and
ditching. Additional low-stage flood protection has
been provided by small levees along the residential and
industrial communities located along the western part
of the river in Lake County.

The U.S. Army Corps of Engineers (1984b) reported
that levees along the Little Calumet River at Ham-
mond, Highland and Munster can provide protection
from only the 2-year to 8-year floods. Not surprisingly,
the levees have performed unsatisfactorily during past
flood events. In general, flood peaks can be intensified
in residential and urban areas because buildings, roads
and parking lots promote runoff which rapidly over fill
the surface drainage networks.

In tributary basins of the Little Calumet River, arcas

of farmland are partially protected against flooding by -

agricultural dikes and spoil-bank levees formed by
dredge material (spoil) from ditching and channel
maintenance projects. Ridges of spoil banks can act as
levees, but the degree of flood protection can be quite
variable, particularly in areas bordered by agricultural
dikes. Spoil-bank dikes and levees vary greatly in
dimensions, materials, stability and effectiveness of
flood protection because of a lack of engineering
design, poor construction and unacceptable mainte-
nance.

In many places, spoil bank levees are interrupted by
drainage ditches, abandoned stream channels, roads
and railroads. Moreover, the sandy debris-laden dredge
spoil is highly susceptible to seepage and erosion.
These factors, combined with limited local mainte-
nance and clogged drainage ditches can result in the
failure of spoil bank levees during floods.

Major developments

Environmental aspects of the problems in the Little
Calumet River Basin were first addressed by the Lake
Michigan Region Planning Council during its study of
the Little Calumet River in 1968. The council sought
to: 1) demonstrate potential benefits of planning
beyond the immediate problems; 2) help local govern-
ments realize the necessity for comprehensive and
well-coordinated efforts; and 3) stimulate the public
demand for and responsibilities associated with devel-
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oping a quality environment.

In 1969, the Little Calumet River Advisory Commit-
tee was created under executive order to study the
needs of communities with respect to flood control,
drainage, stream pollution, recreation and recreational
navigation in the Little Calumet River. The Commit-
tee presented recommendations that emphasized the
development of goals, objectives and policies.

Recommendations by the Committee were later
adopted by the Little Calumet River Basin Commis-
sion to coordinate the development of over 320 square
miles or almost 83 percent of the Little Calumet River
Basin. The Commission sought to: 1) eliminate
flooding; 2) establish effective recreational activities;
3) control water pollution; and 4) establish land
conservation practices. The Commission’s essential
objectives, though slightly modified through time,
include: 1) to participate and coordinate with the U.S.
Army Corps of Engineers to bring about a realistic
flood control program; 2) to seek favorable federal and
state approval and funding; 3) to prepare a plan for
securing non-federal share of funds from state, county
and local sources; 4) to prepare land and water
conservation programs in coordination and coopera-
tion with other agencies; and 5) to prepare appropriate
new legislation as required. In fulfilling its responsi-
bility, the Little Calumet River Basin Commission
must work in cooperation with the Northwestern Indi-
ana Regional Planning Commission, and the Indiana
Department of Natural Resources.

The Little Calumet River Basin Commission initiat-
ed and completed minor flood-control measures which
included localized dredging of the river channel, clear-
ing culverts and installation of riprap. Costly flood-
control projects requiring high expenditures could not
be undertaken because funds came only from the
individual communities that paid into the Commis-
sion.

In 1980, the Little Calumet River Basin Develop-
ment Commission was created by state statute to
provide non-federal sponsorship and funding for flood
control, recreation and recreational navigation im-
provements along the Little Calumet River in Lake and
Porter Counties. To fulfill its duties, the Development
Commission works with the Federal Government, the
U.S. Army Corps of Engineers, and state agencies for
project development, approval and implementation.

The state statute pertaining to the Little Calumet
River Basin Development Commission was amended
in 1984 to include changes on the Development Com-



mission’s membership requirements and its geograph-
ic area of jurisdiction and contained a new section on
regulations concerning drains. However, the main
responsibilities of the development commission were
not changed.

The first major role of the Little Calumet River Basin
Development Commission is active participation in
the Little Calumet River Project, which was authorized
for construction by section 401 of the 1986 Water
Resources Development Act (P.L. 99-662).

The flood control and recreation project, as autho-
rized, consists of replacing existing spoil bank levees
with new levees, floodwalls, closure structures and
appurtenant drainage structures; the construction of
new set-back levees with closure structures and appur-
tenant drainage structures; modification of portions of
the existing channel with accompanying bridge reloca-
tions; and a water control diversion structure. The
project is designed for a 200-year level of flood protec-
tion. A recreation trail with five support areas consist-
ing of parking, sanitation, picnicking and play facili-
ties; nature observation overlooks; and canoe launches
will also provide recreation opportunities. In addition,
upon project completion and certification, numerous
structures will be removed from the floodplain hazard
area, resulting in increased property values and elim-
ination of expensive flood insurance premiums.

Work on the 6-year Little Calumet River Project
began in September of 1990. At the present, a few
features of the project are completed.

Trail Creek

Trail Creek, a small stream that drains the northwest-
ern part of LaPorte County directly into Lake Michi-
gan, became important during the 1830’s when its
mouth was selected as the site for a commercial harbor.
Although natural harbor conditions at the mouth of
Trail Creek were far from ideal, there was no better or
comparable harbor site on the Indiana portion of the
Lake Michigan shoreline.

Early reports on Trail Creek described it as a sluggish
streamn that was obstructed by a bar at its mouth. Based
on an 1835 survey report, Trail Creek was 30 feet wide
and one foot deep at its mouth, but was as much as 120
feet wide and six feet deep further upstream (Munger,
1979).

Work on the harbor at the mouth of Trail Creek began
as a federal navigation project in 1836 with construc-

tion of east and west piers which were extended
periodically through 1869 (U.S. Army Corps of Engi-
neers, 1990). A detached breakwater was constructed
in 1889, but was replaced during the period 1903-1904.

The federal. project was essentially completed by
1910; however, frequent dredging of the mouth and
lower reaches of Trail Creek continues because of
recurring sedimentation. Both the channel and mouth
of the river have been dredged within the past five
years.

The U.S. Geological Survey, under contract with the
U.S. Army Corp of Engineers, began a study in 1990 to
characterize suspended-sediment in Trail Creek at
Michigan City, Indiana. The information will be used
to assess whether the upland areas of the basin are
contributing enough sediment to cause the sediment
deposition problemin the harbor (Crawford and Jacques,
1992).

Because some sediments in Trail Creek channel are
polluted with nutrients and arsenic and unsuitable for
open lake disposal, disposal of dredged sediments is
cause for concern. Additional discussion on disposal
of contaminated sediments may be found in the Sur-
face-Water Quality section of this report.

One of the few tributaries to Lake Michigan in
Indiana, Trail Creek is very important to recreational
boaters and commercial fishing operations. Most of the
activity centers on salmon and trout fishing in Lake

‘Michigan. Because of a salmonid stocking program

managed by the Indiana Department of Natural Re-
sources, Trail Creek is Indiana’s most noted salmonid
stream.

Local concern for maintenance of the harbor and
channel and improvement of water quality in Trail
Creek has resulted in formation of a coalition to address
and rectify continuing sedimentation and water quality
problemis. The coalition, comprised of individuals,
interested private groups, and various city, county,
state, and federal representatives, is called Trail Creek
Improvement Program (TIP).

The stated goal of TIP is to develop and implement
a multi-faceted restoration project for the Trail Creek
waterway. TIP plans to improve water quality and
reduce sedimentation and nonpoint source pollution
within the Trail Creek watershed. To achieve these
goals, Michigan City and TIP have acquired U.S.
Environmental Protection Agency (EPA) federal grant
funds through Section 319 of the Federal Water Pollu-
tion Control Act by a Memorandum of Understanding
with the Indiana Department of Environmental Man-
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agement. Among the planned projects of TIP are
development of a Watershed Management Plan and
installation of a demonstration silt trap to decrease
sedimentation within the channel of Trail Creek. Ad-
ditional discussion about TIP may be found in the
Surface-Water Quality section of this report.

Galena River

A small area at the headwaters of the Galena River
is one of nineteen wetland conservation areas in the
state (Indiana Department of Natural Resources, [1989]).
The Galena River has not been significantly impacted
by human influence.

SURFACE-WATER RESOURCES

Lake Michigan provides abundant quantities of wa-
ter for withdrawal uses such as industrial, energy
production and public supply in northwestern Indiana.
Water for non-withdrawal uses such as instream recre-
ation is provided by Lake Michigan, in addition to the
other lakes and many streams in the Region. Wetlands
and the smaller lakes in the Region are not considered
potential water supply sources, but their occurrence
and regulation directly affect land use and its associat-
ed water resources development.

Wetlands

Wetlands are a major hydrologic feature of the Lake
Michigan Region. In general terms, wetlands occur
where the ground-water table is usually at or near the
ground surface, or where the land is at least periodical-
ly covered by shallow water. Because the presence of
water creates a unique environment, wetlands support
plants and animals specifically adapted for life in water
or saturated soil.

Wetland types in Indiana can be grouped according
to the classification scheme used by the U.S. Fish and
Wildlife Service (Cowardin and others, 1979; Cowar-
din, 1982: U.S. Fish and Wildlife Service, 1986). The
structure of this classification is hierarchical, progress-
ing from the most general levels of systems and sub-
systems to the more specific levels of classes and
subclasses. The latter two levels in the hierarchy can be
further subdivided according to water regime (duration
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and frequency of flooding), water chemistry, soil type,
and dominant plants or animals.

Wetlands in Indiana belong to three of the five major
wetland systems identified by Cowardin and others
(1979). Lacustrine wetlands include permanently
flooded lakes or reservoirs of at least 20 acres, and
smaller impoundments whose maximum depths ex-
ceed 6.6 feet at low water. Riverine wetlands are
contained within a natural or artificial channel that at
least periodically carries flowing water. Palustrine
wetlands are associated with areas and/or shallow
bodies of water which usually are dominated by wet-
land plants. Palustrine wetlands include not only veg-
etated wetlands commonly called marshes, swamps,
bogs, sloughs, or fens, but also isolated catchments,
small ponds, islands in lakes or rivers, and parts of river
floodplains. Palustrine wetlands also may include farm-
land that would support Aydrophytes if the land were
not tilled, planted to crops, or partially drained.

A comprehensive inventory of Indiana’s wetlands
was initiated in 1981 by the U.S. Fish and Wildlife
Service as part of its National Wetlands Inventory. The
inventory process involves identifying and classifying
wetlands from high-altitude aerial photographs, then
transforming the photographs into detailed maps
(1:24,000 scale). The location and classification of
each wetland is then digitized and stored in a computer.
The computerized data for Indiana is now accessible
for analysis through the use of a geographic informa-
tion system (GIS).

Inventory of basin wetlands

According to an analysis of the computerized data,
the Lake Michigan Region contains about 7,242 wet-
lands covering a total of approximately 65 to 68 square
miles (table 9), or roughly 11 percent of the Region’s
total land area (figure 29). Although Lake Michigan
and its harbors also are classified as wetlands, these
water bodies were excluded from the analysis.

Palustrine wetlands constitute about 98 percent of
the Region’s wetlands, and about 92 percent of the total
wetland area. Riverine and lacustrine wetlands ac-
count for about 2 and 6 percent, respectively, of the
Region’s total wetland area.

Palustrine forested and palustrine emergent wet-
lands together constitute about 59 percent of the Re-
gion’s wetlands and about 76 percent of the wetland
area (table 9). Staff of the IDNR have preliminarily
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Table 9.

Estimated number and area of Region wetlands

{Values were determined from a computerized data base of the U.S. Fish and Wildlife Service National Wetlands Inventory.}

Wetland classification: Classification follows the system described by Cowardin and others(1979).

Wetland Estimated Percent Estimated Percent
Classification number of total area of total
(sq mi)

Palustrine, 303 4.2 1.0 1.4
aquatic bed

Palustrine, 2758 38.1 20.5 30.1
emergent

Palustrine, 1543 21.3 31.1 45.8
forested

Palustrine, 430 5.9 4.9 7.2
scrub shrub

Palustrine, 2058 28.4 5.2 7.7
unconsolidated
bottom/shore

Riverine, 35 0.5 1.2 1.7
unconsolidated
bottom/shore

Lacustrine, 1 >.1 0.1 0.1
aquatic bed

Lacustrine, 1 >.1 >.1 0.1
emergent

Lacustrine, 113 1.6 4.0 5.9
unconsolidated
bottom/shore
Total 7242 100 68 100

identified these wetland classes as state priority wet-
land types (Indiana Department of Natural Resources,
1988c).

Palustrine forested wetlands are characterized by
large, woody vegetation that is at least 20 feet tall.
Palustrine emergent wetlands, commonly called marsh-
es, meadows, fens, or sloughs, are characterized by
erect, rooted, herbaceous hydrophytes, excluding moss-
es and lichens. In emergent wetlands, hydrophytic
vegetation is present for most of the growing season in
most years.

The largest contiguous tracts of palustrine forested
and palustrine emergent wetlands in the Lake Michi-
gan Region occur in a 1- to 3-mile-wide band located
Just south of Lake Michigan and extending from Mich-
igan City westward to Gary. This area once was
occupied by a vast marsh including the Great Marsh
along Dunes Creek and the marshlands of the Little

Calumet and Grand Calumet Rivers. Many of the
wetlands in this band are part of the Indiana Dunes
National Lakeshore and the Indiana Dunes State Park.
Scattered palustrine wetlands also are common along
the Region’s major streams, particularly the Little
Calumet and Grand Calumet Rivers and Deep River.
Notable areas include Clark and Pine Nature Preserve.
Wetlands in the Lake Michigan Region can be
further characterized by the duration and timing of
surface inundation, using the classification scheme
described by Cowardin and others (1979). About one-
half of the Region’s wetlands are either seasonally
flooded (37 percent) or temporarily flooded (16 per-
cent). About 21 percent of the Region’s wetlands are
semi-permanently flooded, and about 12 percent are
either saturated or permanently flooded. The box on
this page describes these five wetland categories.
Wetlands in the Lake Michigan Region also can be
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described by size category. About 40 percent of the
Region’s individual wetlands are one acre or smaller;
48 percent are between one acre and 10 acres; 10
percent are between 10 and 40 acres; and 2 percent are
greater than 40 acres.

Lacustrine wetlands include Wolf Lake, George
Lake and several other lakes, ponds, and gravel pits. As
noted previously, Lake Michigan and its harbor areas
also are categorized as lacustrine wetlands.

Wetland protection programs

Once perceived as “wastelands”, Indiana’s wetlands
historically have been ditched, dredged, tiled or filled
to allow for agricultural production and other econom-
ic development. Many of the wetlands in the Lake
Michigan Region have given way to industrial and
urban development.

Although the perception of wetlands as barren or
useless land still persists, there is a growing awareness
of the valuable functions of wetlands. Wetlands not
only play a role in the hydrologic cycle (figure 2), but
also provide a wide range of benefits, including flood-
water retention, water-quality protection, erosion con-
trol, fish and wildlife habitat, and recreational and
aesthetic opportunities (see box on following page).

In general, wetland values have largely been over-
looked until recent years, when state and federal agen-
cies developed or expanded programs that at least
indirectly afford some protection for wetlands. These
state and federal programs generally are designed to
balance the need for wetland protection with develop-
mental and drainage needs. Appendix 5 summarizes
selected programs having a good potential for protect-
ing the wetlands of northern Indiana, including the
Lake Michigan Region.

A pumber of local entities in the Lake Michigan
Region are considering or have already adopted wet-
land protection ordinances. The town of Beverly Shores
has adopted an ordinance, and Porter County has an
ordinance for its unincorporated areas. The city of
LaPorte, which lies just outside the boundary of the
Region, also has a wetland protection ordinance.

Because the number and extent of wetlands protect-
ed through regulatory programs are limited, non-regu-
latory programs involving land acquisition and volun-
tary measures often are the major factors in wetland
protection.

Changes in land use are limited on lands acquired for
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Water regime of wetlands in the Lake
Michigan Region

Seasonally flooded wetlands contain surface water for
extended periods, especially early in the frost-free crop
growing season, but usually become dry by season’s end.
When surface water is absent, the ground-water table often
is near the land surface.

In temporarily flooded wetlands, surface water is
present for brief periods during the growing season, but the
ground-water table usually lies well below the land surtace for
most of the season. Plants that grow both in uplands and
wetland are characteristic of the temporarily flooded regime.

Semi-permanently flooded wetlands contain surface
water throughout the growing season in most years. When
surface water is absent, the ground-water table is usually at
or near the land surface. The region's semi-permanently
flooded wetlands typically are found along river corridors or
adjacent to the larger lakes.

In saturated wetlands, such as fens, ground water is at
the land surface for extended periods during the growing
season, but surface water is seldom present.

In permanently flooded wetlands, water covers the land
surface throughout the year in all years. Riverine and
lacustrine systems constitute the majority of permanently
flooded wetlands.

specific purposes, such as parks or nature preserves.
Moreover, many public-private partnership programs
discourage certain developments or land-use changes
that would harm wetland habitats.

In the Lake Michigan Region, significant wetland
tracts totaling about 12,258 acres (Dolak, 1985) are
being protected on state- and federal-owned proper-
ties, the Indiana Dunes National Lakeshore and Indi-
ana Dunes State Park (IDNL/IDSP). These tracts in-
clude fragile fens, intradunal ponds, and bogs.

Lakes
Lake Michigan and the Great Lakes Systems

The Great Lakes, which include Lake Michigan, are
the dominant hydrologic feature in midcontinental
North America. The Great Lakes System, extending
over 2,000 miles and having a surface area of 95,000
square miles, is the largest fresh water lake system in
the world (see figure 30). Four of the five Great Lakes
are boundary waters dividing the United States and
Canada. Of the 298,000 square miles in the entire Great
Lakes Basin, approximately 115,000 square miles
constitute the tributary area within the United States
and 88,000 square miles lie within the borders of



WETLANDS VALUES AND BENEFITS'

Wetlands as a landform provide a unigue water storage func-
tion in river basins by temporarily retaining water in upstream
reaches and slowing its release to downstream reaches. During
flood periods, the storage capacity of the low-lying areas charac-
teristic of wetlands can help to decrease floodwater velocity and
increase the duration of flow, consequently reducing flood peaks.
During dry periods, some of the stored water may discharge into
the main river channel, thereby helping to maintain streamflow.

In the present day Lake Michigan Region, the floodwater stor-
age provided by wetlands and other depressional areas helps
reduce the velocity of overland runoff and attenuate flood peaks.
Because some depressional areas have no defined drainage outlet
they do not contribute directly to surface runoff during flood events.
Many of these noncontributing areas may contain lakes, ponds or
other wetlands.

Under certain conditions, water from wetlands may supplement
ground-water recharge at certain times of the year. Local
ground-water recharge may occur at times in the vicinities of the
interdunal wetlands and potentially in the upland morainal wet-
lands such as Pinhook Bog.

In most of the Lake Michigan Region, however, lakes and other
wetlands primarily act as areas of ground-water discharge.
These wetlands typically have formed where the ground surface
intersects the water table. Wetlands are most likely to serve as
ground-water discharge points at depressional lakes and along
major river systems where regional ground-water flow patterns are
toward the main channels. Ground-water discharge into floodplain
wetlands is especially significant during dry periods because the
ground-water seepage helps to maintain streamflow. Similarly,
ground-water discharge into lacustrine and palustrine wetlands
can help to maintain water levels in these systems.

Wetlands can play an important role in water-quality mainte-
nance and improvement by functioning as natural filters to trap
sediment, recycle nutrients, and remove or immobilize pollutants,
including toxic substances, that would otherwise enter adjoining

lakes and streams. Although natural wetlands in Indiana cannot be
used for wastewater treatment, a few artificial wetlands have been
created to filter wastewater effluent.

Wetlands play a role in erosion control along lakeshores and
streambanks by stabilizing substrates, dissipating wave and cur-
rent energy, and trapping sediments. Lakeshores frequently sub-
jected to wave action generated by heavy boat traffic can especial-
ly benefit from the stabilizing effect of adjoining wetlands.

The value of wetlands as fish and wildlife habitat has long
been recognized. Most freshwater fish species can be considered
wetland-dependent because 1) almost all important game fish
spawn in the aquatic portions of wetlands, 2) many fish use
wetlands as nursery grounds, and 3) many species feed in wet-
lands or upon wetland-based food.

Hundreds of species of vertebrate animals found in Indiana
require wetlands at some time in their lives. Muskrats and beavers
are examples of common Indiana furbearers that are totally depen-
dent on wetland environments.

The popularity of waterfowl hunting relates directly to the impor-
tance of wetlands as feeding, nesting, resting, and wintering
grounds for waterfowl.

Wetlands provide the natural habitat necessary for the survival
of some endangered species. In Indiana, more than 120 plant
species and 60 animal species that depend on wetlands at some
time in their lives are considered as either endangered, threat-
ened, rare or of special concern.

Many recreational activities take place in and around wet-
lands, including hunting, fishing, nature study and birdwatching.
Because of the aesthetic quality of wetlands, these lands often are
key features of public parks and outdoor recreation areas. In the
Lake Michigan Region, wetlands are an important visitor attraction
at most state-owned properties and at many public and private
parks, recreation areas, and natural areas.

! Portions of this discussion were adapted from a report by the Division of
Outdoor Recreation (Indiana Department of Naturat Resources, 1988¢).

Canada (Great Lakes Basin Commission, 1975c).

The Great Lakes consist of Lakes Superior, Michi-
gan, Huron, Erie, and Ontario. The lakes form a chain
of reservoirs with each draining to the next. Lake
Superior, the largest, is the uppermost and western-
most. It drains to Lake Huron by way of St. Mary’s
River. Lake Michigan also drains to Lake Huron.

From Lake Huron, water flows to Lake Erie by way
of the St. Clair River, Lake St. Clair and the Detroit
River. The outflow of Lake Erie, the second smallest
and the shallowest of the Great Lakes, is mainly
through the Niagara River to Lake Ontario. Lake
Ontario water then flows into the St. Lawrence River
which carries the total outflow of the Great Lakes some
541 miles to the Gulf of St. Lawrence thence, to the
Atlantic Ocean. :

Lake Michigan, the Great Lake within the boundary
of this report, is the only Great Lake which lies entirely
within the United States. Having a length of 307 miles,

a breadth of 118 miles, and average natural depth of
279 feet, Lake Michigan is connected to Lake Huron by
the Straits of Mackinac. Because the Straits are wide
and deep, Lake Michigan and Lake Huron respond to
precipitation and changes in levels and flows as if they
were one lake. Direction of currents in the Straits
alternates from east to west depending upon baromet-
ric pressure and wind conditions; however, the net flow
is eastward.

Additional information about the origin, early histo-
ry, and water level fluctuations of Lake Michigan and
other Great Lakes may be found in the chapter entitled
Coastal Environment.

Sources of hydrologic data for Lake Michigan and
other Great Lakes

The U.S. Geological Survey is the prime agency
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Bogs- relics of the Ice Age

Bogs are Ice Age relics which are often found adjacent to swamp
forests. Fairly common in the more recently glaciated landscape of
northern Wisconsin, Michigan’s Upper Peninsula, and Maine, they
are rare this far south. Indiana Dunes National Lakeshore is
fortunate to have two within its management boundaries, Cowles
Bog west of Mineral Springs Road in Dune Acres and Pinhook Bog
south of Michigan City. The two bogs, famous in biological litera-
ture, have been dedicated by the National Park Service as National
Scientific Landmarks.

Bogs, marshes, and swamps differ basically in substrate and
physiography and in plant communities which they support. Bog
and marsh communities are dominated largely by herbaceous
plants or shrubs that fill depressions with their organic remains.
Swamps, on the other hand, are depressions usually occupied by
tall woody vegetation.

Bogs are like marshes in that they develop when vegetation fills
in space which was once occupied by clear water. Bogs are
different in that they have virtually no drainage, a condition that
creates highly acid conditions and a low oxygen content that
hinders decay. The water of bogs is usually brown; that of marshes
tends to have a greenish tinge.

Cowles Bog, once called the “Tamarack Swamp” for its clump of
25-foot tall tamaracks, contains a raised peat mound that supports
a unique assemblage of wetland vegetation compressed into a
relatively small geographic area. Lying back of the lake front dune
belt between the Calumet and Toleston Beach Complexes, the bog
is a 56-acre tract located within the west end of the Great Marsh.
The main body of the bog is formed from fibrous marsh plants, but
there are woody plants encroaching from the dune side.

The complex environments, both natural and man-made in and
around Cowles Bog, provide a variety of unusual botanical and
geologic features. The diverse ecosystem assemblage of beach-
es, dunes, ponds, wetlands, and forests and the developed suc-
cessional patterns of the bog and its surrounding area have
attracted scientific interest for nearly a century. Pioneer studies on
plant succession were conducted in the bog by Henry C. Cowles in
the early 1800's. More recently, the National Park Service and the
U.S. Geological Survey have been cooperating in scientific studies
of the Lakeshore since 1973, most of which have centered in the
Cowles Bog area.

The geology of the bog affects the hydrology, which in turn
affects the distribution of plant communities and the development
and evolution of the peatland. The geology of the unconsolidated
materials in the Cowles Bog area consists of, from bottom to top,
a basal clay-rich till which is a part of the Lake Border Moraine, a
layer of sand which is overlain by marl containing sand seams and
shells, and a top layer of peat. A 1200- by 450-foot mound exists
near the center of the bog where the clay-rich basal till layer is
breached and sand is present.

Ground water is the primary source of water supplied to Cowles
Bog. The hydrology of the bog is complex , but can be simplified
into two aquifers; a near-surface aquifer in the sands, marl and
peats above the till and a confined aquifer which occurs beneath
the till of the Lake Border Moraine.

Ground-water flow in the near-surface aquifer is from the dune-
beach complexes toward the Great Marsh, except for short periods
of time after large rainfalls when flow direction reversal may occur

locally. In the confined aquifer, ground-water flow is generally
toward the north. However, in the area of the peat mound where the
confining till is breached and the two aquifers are connected,
ground-water flow from the confined aquifer is upward (Cohen and
Shedlock, 1986 and Wilcox and others, 1986). Despite the upward
flow of water, there are no visible springs on the peat mound.

Wilcox and others (1986) indicate that water in and around the
mound is from the sub-till aquifer because the low tritium concen-
trations and relatively high mineral contents of the water indicate
that the waters near the mound were recharged prior to the open
air hydrogen bomb testing in the 1950’s. Water from wells located
away from the mound have higher tritium and lower mineral content
than the water near the mound, which indicates a shorter resi-
dence time. The pH for Cowles Bog is near-neutral; and although
officially named a bog, the soil, vegetation, and water-quality
characteristics of Cowles Bog indicate that the area is probably
better termed a fen (Boelter and Verry, 1877).

Pinhook Bog, located in LaPorte County near the crest of the
Valparaiso Moraine, is regarded as the finest bog in Indiana.
Pinhook bog represents a landscape feature rare in indiana, the
well-developed sphagnum bog typical of the northern lake states
and Canada. At normal water levels there is very little open water
in the bog, but the surface mat of peat moss is well saturated.
There are several tiny ponds, but no unfilled central pond or lake
as found in many bogs (Lindsey and others, 1970).

The bog occupies a deep ice-block depression surrounded by
low morainal ridges. It was initially a kettle lake with a clay-lined
bed. Sphagnum moss and other organic matter from floating plants
gradually accumulated and altered the original clear-water kettle
lake into a peaty bog. The sphagnum grew rapidly and, with its
ability to hold 10 to 20 times its weight in water, it eventually
became thick enough to support trees. Although live sphagnum is
common, most of the surface soil material in the bog is of fibrous
or woody composition.

The source of water in Pinhook Bog, in contrast to Cowles Bog,
is solely from surface water runoff or precipitation; hence, there is
a difference in plant communities. Poor circulation and the slow
decay of the sphagnum moss mats creates an acidic and oxygen-
poor environment, which further slows decay of organic matter by
inhibiting bacterial growth.

Botanically the bog provides a harsh environment that is low in
nutrients. One special adaption to the bog environment is the
development of carnivorous plants such as the sundew and pitcher
plant. The sundew plant actively traps insects with leaves that are
covered with flexible hairs which fold together to encompass the
prey. The pitcher plant captures small insects in its pitcher-shaped
leaves by attracting them with nectar, trapping them with down-
ward pointing hairs, and digesting them with enzymes and bacte-
ria.

Among the rare floral types found in the bog are orchids such as
the yellow fringed orchid and the pink lady slipper.

Peatlayers in bogs provide information to scientists concerning
past environments. A botanist, G.K. Guennel identified pollen at
various depths in Pinhook bog and made interpretations about
climatic changes in the past. Based on the pollen study, the climate
in the early history of the bog was interpreted to be moist and cold,
after which, it became cold and dry; more recently, the climate has
become more warm and dry than in previous times.
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Figure 30. General map of the Great Lakes

responsible for gathering, recording, and publishing
data on surface water hydrology within the United
States portions of the Great Lakes Basin. The data are
collected and prepared for publication in cooperation
with other Federal, State, local, and private agencies.
To a more limited extent and for specific purposes,
many other Federal, State, county and municipal agen-
cies, plus other public and private entities, gather and
record surface-water data for the Great Lakes System.
Data conceming surface water hydrology generated in
the Canadian portion of the Great Lakes Basin are
available through Environment Canada, Water Survey
of Canada.

Stream-gaging stations, which usually measure wa-
ter-surface elevation, are used to collect basic data.
Much of what is known about the hydrology of the
Great Lakes System is learned from stream-gaging
stations located on tributary streams. Rating curves are
developed for each station to relate measured water-
surface elevation to the generally more useful stream
discharge data. Rating curves are developed by mea-
suring average stream velocities and cross-sectional

areas and relating these data to concurring water-
surface elevation. Because the cross-sectional regimen
of many stations undergoes constant change, the rating
curves are periodically readjusted to reflect the change.
The section within this chapter entitled Streams con-
tains information regarding the stream-gaging stations
within the Lake Michigan Region.

Factors affecting water supply of the Great Lakes and
Lake Michigan

Natural cycles of precipitation, runoff, evaporation,
and ground-water inflow and outflow affect the amount
of water supplied to the Great Lakes System. Inflow
and outflow affect water supply of individual lakes.
Storage capacity defined by individual lake water
levels and geometry determines water availability for
differing uses on a sustained basis.

The large surface area and storage volume of the
Great Lakes System act as a natural regulator of lake
water levels. Therefore, the range from highest quan-
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tity stored to lowest quantity stored is only about 1.3
percent of the average volume of water contained in the
lakes. This modulating effect means that any change in
water supplies to the upper part of the system remains
within the system for some time, as much as 15 years,
before its full effect is felt on the downstream lakes
(Great Lakes Basin Commission, 1976a).

Other lakes

Many fresh-water lakes lie within the Lake Michigan
Region. The lakes are located primarily in the urban
and industrial areas of northern Lake County and
within the Valparaiso Moraine area along the Region’s
southern boundary.

A number of the lakes in the Region are natural in
origin, some of which were formed in depressions left
by irregular deposition of glacial drift, while other
lakes known as kettle-hole lakes, were probably formed
by the melting of isolated masses of buried glacial ice.
Still other lakes were formed south of the lakeshore in
the long strips of land which lay in the narrow valleys
between beach ridges.

Some small shallow lakes remain scattered along the
floodplain of the Little Calumet and Grand Calumet
Rivers and in the interridge lowlands of LaPorte and
Porter counties. The lakes close to the main river
channels are remnant oxbows of the old river channels,
or depressions where the old rivers had no definable
banks. The U.S. Fish and Wildlife Service and the
IDNR, Division of Fish and Wildlife classify these
surface-water bodies as palustrine wetlands because of
their shallow depth and because they are not consid-
ered part of the main channel. Most oxbow lakes are
only temporarily or seasonally flooded, but some may
be permanently flooded.

In one sense, the remnant lakes (wetlands) of the
Calumet River corridors are man-made because they
were formed when the river was dredged and straight-
ened, leaving the original river channel isolated to form
oxbows. In another sense, they are considered as
natural lakes because oxbow lakes commonly are
formed along meandering rivers by natural cut-off
processes.

Most of the artificial lakes in the Region consist of
old gravel pits, borrow pits, and impoundments of
surface drainage networks. The two largest artificial
impoundments in the Lake Michigan Region, Lake
George at Hobart and Lake Louise in west central
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Porter County, are the largest lakes that lie entirely
within the Lake Michigan Region.

Selected information on both natural and artificial
lakes having a known surface area of at least 25 acres
is presented in table 10. The list of lakes in the table is
not inclusive, but represents lakes for which there is
available information from the updated DNR lakes
guide (1993b). The locations of most lakes in the
Region are apparent from fold-out maps or plates
presented elsewhere in this report.

An unknown number of lakes in the Region have
been totally destroyed or greatly diminished in size by
drainage or infilling. Lakes occupying low-lying areas
between beach ridges were once filled with sand from
the dune/beach complex to create additional land.
Lakes have also been used as disposal places for
industrial by-products. In addition, other lakes have
been filled-in gradually by natural or man-induced
sedimentation and eutrophication.

The following paragraphs provide descriptive infor-
mation gathered from numerous sources on selected
lakes in the Lake Michigan Region. Additional infor-
mation is provided in the Surface-Water Quality
section of this report.

At the western edge of the Calumet lacustrine plain,
three lakes existed prior to land modification. Wolf, -
George, and Berry Lakes were remains of a former
large bay of Lake Michigan: Only Wolf Lake remains
intact today, while Berry Lake was drained to allow for
development of Whiting and East Chicago, and George
Lake has been filled extensively with slag and sand by
adjacent industries (Holowaty and others, 1991).

Wolf Lake consists of seven interconnected, artifi-
cially-divided basins roughly centered on the Indiana/
Illinois border near the southwest shore of Lake Mich-
igan. The Indiana portion of Wolf Lake is separated
from the Illinois portion by a levee just west of the state
line. Several culverts connect the two halves. The lake
has a surface area of approximately 385 acres in the
Indiana portion and a maximum depth of approximate-
ly eight feet (table 10, columns 3 and 5, respectively).

Although Wolf Lake once flowed north into Lake
Michigan, the old channel now ends approximately
one quarter mile south of the Lake Michigan shoreline.
Prior to industrialization and urbanization in the area,
Wolf Lake has been described as one of outstanding
natural beauty and a haven of wildlife. It is said to have
abounded in fish and small fur-bearing animals, and
was a great feeding and resting area for water fowl.
When high winds prevailed on Lake Michigan, Wolf
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Lake offered a comparatively protected area for huge
flocks of ducks, coots and other water birds.

Water from Wolf Lake now flows west over a control
structure, into a ditch which empties into the Calumet
River. A portion of the old channel that led to Lake
Michigan is now occupied by two large industrial
plants. Much of the original water area of Wolf Lake
is filled with wastes from steel mills and the city of
Chicago. Within the state of Indiana, comparatively
little of the original water area of the lake remains.
Railroads run through and around the area, and a power
line bisects the lake. Among the principal industries
near the lake are oil refineries, steel mills, soap and
soap products factories, and corn processing plants.

In spite of regional urbanization, Wolf Lake remains
a somewhat unique ecological and recreational re-
source in northwest Indiana. Much of the Indiana
portion of Wolf Lake’s shoreline is owned by the city
of Hammond. Development of the shoreline includes
a city beach and city-owned boat launching ramp. The
lake offers fishing and other recreational opportunities
to a large number of people in this highly populated
area. Wolf Lake is also still a valuable feeding and
resting place for waterfowl.

George Lake (locally known as Lake George) at
Hammond is a 78-acre shallow lake, having a maxi-
mum depth of approximately 12 feet (table 10, col-
umns 3 and 5, respectively). The present lake, which is
bisected by an east-west causeway, represents only a
small portion of what was once George Lake prior to
extensive filling. However, some significant wetlands
remain within and along the shore of George Lake.

Within the narrow strips of land between the beach
ridge complexes near the Porter and LaPorte county
line, low-lying pockets once contained lakes and ponds.
Through the normal progress of ecological succession,
most of these open water bodies changed into marsh
and swamp. Only four of the pockets seem to have held
standing water consistently enough to earn individual
recognition as lake or slough. From west to east, these
were Long Lake, Mud Lake, Blag Slough, and Little
Lake.

Long Lake, on the border between Lake and Porter
Counties, was the largest of the interdunal lakes. It may
have had a connection with the Grand Calumet River
at one time. Surveyors in the 1830°s depicted Long
Lake as more than three miles long— almost five
miles, if one includes the marshes extending from its
eastern end. Long Lake was subject to visible shrink-
age over the years, and the growth of nearby Gary
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further aggravated the reduction of the standing water
area and the corresponding broadening of the shore
marshes (Cook and Jackson, 1978).

Mud Lake lay a few miles east of Long Lake in Porter
County. The second largest of the interdunal water
bodies, Mud Lake may have had as much as 160 acres
of standing water. Beginning in 1960, the lake was
drained and filled to accommodate industrial construc-
tion.

Blag Slough and Little Lake, the smallest and east-
ernmost of the four ponds, were drained for recreation-
al development for the sand hill town of Dune Acres.
They have since been returned to open water bodies as
a result of ground-water level changes associated with
development of a nearby dike and fly ash ponds.

The natural and man-made processes that have gov-
erned the development and demise of the interdunal
lakes are complexly interrelated. It is hard to distin-
guish short-term fluctuations of water levels of the
lakes from shrinkage caused by ecological succession,
falling Lake Michigan water levels, or the influence of
ditching activities drawing ground water away from
the ponds and lakes.

Drainage modifications to improve waterway trans-
portation and build railroads, roadways, and industries
have also created a number of lakes including the
Marquette Park Lagoon, an oxbow lake, and at least
two borrow pit lakes which have recreational value.

Marquette Park Lagoon is a 25.6 acre lake located in
the sand dune area of northern Lake County. A portion
of the east end of the lake lies within the boundaries of
a Gary City Park. A large portion of the western end of
the lake is undeveloped and owned by IDNL. The
lagoon narrows in the middle where Lake Street passes
over it. The lagoon was once the mouth of the Grand
Calumet River and is now the eastern part of what is
referred to on some maps as the Grand Calumet La-
goon.

Another lagoon (also part of the Grand Calumet
River) is located west of Marquette Park Lagoon. This
lagoon is partially on U.S. Steel property. Although the
west end of the lagoon has been filled, much of the area
appears unaltered by man. The western lagoon is
connected to Marquette Park Lagoon by a shallow
channel.

One important oxbow lake is located in Kennedy
Park at Hammond. Kennedy Park oxbow, adjacent to
interstates 80 and 90, was formerly part of the Little
Calumet River. The present lake was formed by levy-
ing off a loop of the river channel and digging out the



land between the loop. The levee separating the lake
from the river is under water during periods of high
water. A small culvert also connects both bodies of
water at normal water levels.

Two borrow-pit lakes, the Grand Boulevard Park
Lake and Rosser Park Lake, were formed during
construction of the interstate system. Both lakes have
recreational value for the highly populated area of the
Region. The Grand Boulevard Park Lake, located
adjacent to Interstates 80 and 94 at Lake Station, is a 40-
acre borrow pit having a maximum depth of eight feet.
The Grand Boulevard city park includes a beach and
picnic area as well as a boat ramp. Rosser Park Lake,
located on the southeast quadrant of the junction of I-
80/94 and I-65, is a 40-acre borrow pit having an
average depth of 8 feet and a maximum of 26 feet.

Lake George at Hobart was created by placement of
an earth dam across Deep River in 1846 to provide
power for a grist mill. The largest lake entirely within
the Region, this artificial impoundment has a surface
area of approximately 270 acres and an estimated
storage capacity of 879 million gallons (table 10,
columns 2 and 3, respectively). It was acquired in the
early 1920s by the city of Hobart to be used as a
supplementary water supply and for recreation and
boating. Water quality, however, has interfered with
the achievement of fully realizing Lake George’s
intended use. Discussion on the water quality of Lake
George may be found in the Surface-Water Quality
section of this report.

Sedimentation and organic nutrient problems in the
lake led the U.S. Army Corps of Engineers (1990) to
recommend that dredging an estimated 90,000 cubic
yards of sediment from Lake George would be required
to restore storage capacity and water quality. Upland
areas were recommended for disposal of the dredged
sediments. As of this writing, no such dredging has
occurred.

Lake Louise, a private impoundment near Valpara-
iso, is the second largest lake entirely within the
Region. It has a surface area of 228 acres, a maximum
depth of 34 feet, and a storage capacity of 645 million
gallons (table 10, columns 3, 5, and 4, respectively).

Since 1942, records of the water-surface elevations
of many Indiana lakes have been collected by the U.S.
Geological Survey through a cooperative agreement
with the Indiana Department of Natural Resources
(formerly the Indiana Department of Conservation).
Gage records of lake water levels are available for only
two lakes in the Lake Michigan Region: Lake George

at Hobart (1946-present) and Wolf Lake (1946-1949).
Before 1976, lake stations generally were equipped
with a staff gage which was read once daily by a local
observer. Automatic digital water-stage recorders have
since been installed at many lake stations, including the
station currently gaged at Lake George at Hobart.
Lake-level data today are used primarily to monitor
maximum and minimum levels, determine the location
of shoreline contours forlakeshore construction projects,
and investigate water quality and flooding problems.

- Gage records also are used in the occasional establish-

ment of normal water-surface elevations, as described
in Indiana law (I.C. 13-2-13). Levels have been estab-
lished at two of the major lakes in the Region (table 10,
column 6).

Between 1954 and 1968, the U.S. Geological Survey
in cooperation with the Indiana Department of Natural
Resources mapped more than 200 natural and man-
made lakes in Indiana including Hog Lake in the Lake
Michigan Region. Although originally intended for
use in the establishment of normal water-surface ele-
vations, these depth contour maps have since been used
for many purposes, including fisheries studies and
recreation.

Lake-level fluctuations

Within historic time, the water levels of Indiana’s
lakes have been altered decidedly by nature and by
man. Changes in lake levels may occur overnight or
over a long period of time. Lake levels also fluctuate
with the seasons.

The historic draining and filling projects conducted
in the Calumet region since the 1800s have greatly
affected the region’s natural lakes and their water
levels. In general, ditching near a lake can intercept or
divert surface drainage which normally would have
entered the lake basin, thus reducing the drainage area
contributing to the lake. If the ditch is constructed
downgradient of a lake, ground-water leakage may be
induced from the lake to the ditch. Moreover, lowering
the local water table by surface or subsurface drainage
or ground-water pumpage can reduce the amount of
ground-water inflow to lakes.

State laws enacted since the 1940’s have helped
protect public freshwater lakes of natural origin from
detrimental development and excessive water-level
fluctuations (see box titled Lake regulations). Al-
though many lake-level problems have been eased by
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provisions found in these statutes, undesirable fluctu-
ations continue to occur on some lakes.

Streams

The Lake Michigan Region is drained by streams
that once naturally emptied into the Great Lakes/St.
Lawrence River basin. However, alteration of the
landscape in parts of the Lake Michigan Region has ied
to considerable changes in the surface drainage
patterns. :

The principal drainage network in the Lake Michi-
gan Region is presently formed by the Grand Calumet
and Little Calumet Rivers. Both rivers, which drain the
central and western parts of the Region, were once
parts of the Calumet River system which emptied
directly into Lake Michigan. However, large-scale
changes to the Calumet River watershed, including
channelization and construction of canals, have led to
considerable alteration of the natural hydrology of the
Lake Michigan Region. In addition, surface-water
diversion by the state of Illinois transfers water out of
the Calumet River system and into the Mississippi
River basin.

Several smaller streams drain the eastern part of the
Lake Michigan Region, which includes most of north-
western LaPorte County. These drainage networks,
listed in order of decreasing drainage areas, include
Trail Creek, Galena River, White Ditch, Spring Creek,
Derby Ditch and Dunes Creek. The watersheds of Trail

Creek, Derby Ditch and Dunes Creek all naturally
drain directly into the Indiana portion of Lake
Michigan.

Sources of stream-flow data

Stream gages in the Lake Michigan Region monitor
the spatial and temporal variations in stream flow in the
major watercourses of the Region. A few gages placed
in strategic locations monitor the complex hydrologic
relationships among the major surface-water systems
of the Region. Hydrologic parameters derived from
stream-flow records can be used to evaluate the water-
supply potential of streams.

The U.S. Geological Survey, in cooperation with
other government agencies and public entities, has
maintained records of daily flow in several streams in
the Lake Michigan Region since 1942. Groups that
participate in the cooperative USGS program include
the U.S. Army Corps of Engineers, Indiana Depart-
ment of Environmental Management, Indiana Depart-
ment of Natural Resources and the Little Calumet
River Basin Commission.

Currently, records of daily mean discharge are col-
lected at 11 continuous-record stations in the Region.
Of the 11 stations, six are located on the Little Calumet
River and its tributaries, two are on the Grand Calumet
River, whereas the Indiana Harbor and Ship Canal,
Trail Creek at Michigan City and Galena River near
LaPorte each contain one station. Gage height records

Lake regulations

Because water-level fluctuation in iakes can restrict their use-
fulness for recreation, residential development, flood control and
water supply purposes, state and local organizations have at-
tempted to maintain average water levels on many lakes. In
accordance with a 1947 state law (I.C. 13-2-13), the Indiana
Department of Natural Resources (formerly the Indiana Depart-
ment of Conservation) is authorized to have normal lake levels
established by appropriate legal action. The Department also has
the authority to initiate and supervise the installation of dams,
spillways, or other control structures needed to maintain the
established levels.

Established lake levels typically represent the average water-
surface elevation that has prevailed for several years. Once an
average normal water level is established by a local circuit court,
the average lake level is to be maintained at that elevation.
Temporary lowering of a lake level below its designated level
requires prior approval from the local court and from the Natural

Resources Commission, the administrator of the lake-level law.
Such approval typically is granted only for shoreline improvements
or lake restoration procedures.

A related lake law (1.C. 13-2-11.1) enacted in 1947 and amend-
ed in 1982 requires prior approval from the Natural Resources
Commission for any alteration of the bed or shoreline of a public
freshwater lake of natural origin. Permits are required not only for
minor projects such as the construction of seawalls or sand
beaches, but also for larger projects such as channel or lakebed
dredging, boat-ramp construction and boat-well construction. In
addition, a permit is required to pump water from a public freshwa-
ter lake.

Under alawpassedin 1947 and amendedin 1987 (I.C. 13-2-15),
a permit is required for the construction, reconstruction, repair or
recleaning of aditch or drain that has a bottom elevation lower than
the normal average water level of a freshwater lake of 10 acres or
more, and that is located within one-half mile of the lake.
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Figure 31. Location of stream gaging stations

are collected at the Little Calumet station at Gary and
the Grand Calumet station at Gary (table 11, figure 31).

For automatic reporting of currentriver stages, seven
gaging stations are equipped with telemetering devices
(table 11). The instantaneous reporting of stream levels
in this part of the state can be invaluable because of the
frequent flooding of highly developed areas. River
stages recorded at the various stations along the main-
stem of the Grand Calumet and Little Calumet River
can perhaps suggest flow reversals and diversions,
although the complexity of the hydrologic environ-
ment preclude accurate determinations. Stream levels
and discharges are used for the assessment of proposed
flood-control structures and water-quality planning.

A sophisticated new apparatus, the ultrasonic veloc-
ity meter (UVM) was recently installed at a gaging
station in the Indiana Harbor and Ship Canal to provide
information on the hydrologic interaction between the
Canal and Lake Michigan. The UVM provides nearly
continuous discharge measurements in this complex
hydrologic environment, and was the first of its kind to
be installed in this country.

In contrast to the continuous-record stations, two

gaging stations in the Lake Michigan Region have been
operated as partial-record stations (table 11). At the
low-flow partial-record station on Coffee Creek at
Chesterton, flow measurements are recorded during
dry periods. In general, a series of low-flow discharge
measurements collected at a site can be later correlated
with simultaneous daily mean discharges from a con-
tinuous-record gage on a stream draining a nearby
basin of similar hydrologic characteristics. Using the
correlation, the partial-record low-flow frequency char-
acteristics can then be estimated using the frequency
characteristics of the discharges collected at the con-
tinuous-record gage. Information on low-flow fre-
quency at the partial-record station on Coffee Creek at
Chesterton was reported by Stewart (1983).

The other partial-record site in the Lake Michigan
Region, located on the East Branch of Trail Creek near
Springville, has served as a crest-stage station. A crest-
stage gage registers the peak stream stage occurring
between inspections of the gage. Stage readings can
later be converted to discharge values, and flood
frequency characteristics can be determined. Table 11
lists the only partial-record station in the Region for
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which flood frequency data have been reported by
Glatfelter (1984).

The U.S. Geological Survey, under contract with the
U.S. Army Corps of Engineers, has collected sediment
data at the gaging station on Trail Creek at Michigan
City for the years 1977-81 and 1990-91. Analyses of
the data has been published by Crawford and Jacques
(1992).

Factors affecting stream flow

The source of stream flow is precipitation. During a
storm event, precipitation that falls on land infiltrates
into the ground, or runs off the land surface to become
overland flow or evaporates. Infiltration and overland
flow rates vary considerably during a storm event,
while evaporation rates do not change significantly.

Factors that control infiltration and overland flow
rates include precipitation intensity and duration, top-
ography, land use and land cover, antecedent soil
moisture and soil permeability. Consequently, chang-
es in land use and land cover, drainage patterns,

ground-water levels, and stream geometry produce
variations in stream flow.

Time variation in stream flow and its relation to
temperature and precipitation can be illustrated by a
graph of mean monthly values (figure 32). The differ-
ence between precipitation and runoff, which varies
considerably during the year, can be attributed prima-
rily to the seasonal differences in evapotranspiration
rates, although soil and ground-water conditions also
can play an important role.

Differences between precipitation and runoff are
greatest during late summer and early fall when warm
temperatures cause high evapotranspiration rates.
Hence, much of the precipitation that would otherwise
be available to streams is lost to the atmosphere.
Moreover, ground-water levels are at or near their
seasonal low, and base flow may be limited.

Small differences between precipitation and runoff
indicate low evapotranspiration rates, which occur in
late winter and early spring when temperatures are cool
and plants are dormant or very young. In addition, the
ground often is either frozen or saturated, and may be
covered by melting snow. As a result of these factors,
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Figure 32. Variation of mean monthly runoff, precipitation, and temperature
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more of the total precipitation is available to streams in
the form of overland flow and base flow.

The spatial variation in stream flow can be illustrated
by comparing runoff characteristics among different
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streams. Of the many stream-flow parameters that can
be used to compare runoff characteristics, flow-dura-
tion analysis offers the advantage of not Being influ-
enced by the chronological sequence of daily flows.



Flow-duration curves of daily mean discharges, as
presented in figure 33, show the percent of time that
specified daily discharges are equaled or exceeded
during a given period of record. The overall slope and
shape of the duration curve is related to the storage
characteristics of the drainage basin, which in turn are
related to the topography and geohydrology of the
basin.

A gently sloping duration curve of stream flow
indicates a drainage basin with substantial surface and/
or subsurface storage. Common surface storage fea-
tures include lakes, ponds and depressions, while sub-
surface storage is promoted by permeable soils and
sediments. Both surface and subsurface storage in-
crease the time lag between the precipitation event and
peak runoff, resulting in reduced overland flow rates
and attentuated flood peaks. During dry periods, stream
flow is sustained by the slow, steady release of water
from the surface and/or underground sources.

A steeply sloping flow-duration curve indicates a
stream draining a basin with little surface or subsurface
storage. Flood peaks on this type of stream are high and
rapid because most excess precipitation runs off the

~land surface and enters the stream. However, negligi-
ble overland flow and baseflow during dry periods may
cause the stream to cease flowing.

Duration curves of stream flow in Deep River at
Lake George Outlet, Salt Creek near McCool and Trail
Creek at Michigan City, for the period of record 1970-
1991 water year, are shown in figure 33. The flow-
duration analysis was based on a common period of
record to minimize flow differences which may be
attributed to differences in local precipitation from
short-term events. Two types of discharge, total dis-
charge and unir discharge, were used to construct the
duration curves. Although stream flow is commonly
reported as total discharge, unit discharge measure-
ments, i.e. flow rate per unit area of watershed, is
preferred when making comparisons among different
streams because the effect of unequal basin sizes on
stream flow characteristics is minimized. Among the
three flow-duration curves shown in figure 33, the
curve for Deep River at Lake George Outlet at Hobart
is the steepest by far. Data from Glatfelter (1984)
suggest that surface storage may not be the primary
factor influencing the overall shape of the duration
curves because lakes, ponds and wetlands are four
times more abundant in the Trail Creek (at Michigan
City) watershed than in the Salt Creek (near McCool)
watershed, yet the duration curves of both watersheds

are relatively similar. Instead, geohydrology and per-
haps land cover may be the predominant factors that
influence the overall shape of the curves.

Surficial deposits in the watershed of Deep River
upstream from the Lake George outlet consist of thick
basal tills of the Valparaiso Morainal Complex and
lacustrine clays and silts of the Calumet Lacustrine
Plain (figure 17). The low permeability of these sedi-
ments promote-surface runoff, while infiltration rates
are kept low. In addition, the small amount of forest
cover in the watershed (5.9 percent) (Glatfelter, 1984)
do not intercept significant amounts of precipitation,
thereby providing little delay and attenuation of flood
peaks. The runoff coefficient or the fraction of total
precipitation that runs off the land surface in this
watershed is 0.45 (Glatfelter, 1984).

In contrast, the watersheds of Salt Creek near Mc-
Cool and Trail Creek at Michigan City have runoff
coefficients of 0.40 and 0.35 respectively (Glatfelter,
1984). Less surface runoff and greater subsurface
storage in the watersheds are primarily due to surficial
sediments of significantly greater permeability. Mixed
drift, debris-flow tills, and lacustrine clays, silts and
sand, form the surface of most of the Salt Creek (near
McCool) watershed and the upper part of the Trail
Creek (at Michigan City) watershed. Highly perme-
able deposits of beach and dune sands in the watershed
of Trail Creek above Michigan City (figure 17) allow
considerable infiltration of precipitation.

The abundance of springs along the eastern part of
the northern flank of the Valparaiso Morainal Com-
plex, which form the major source areas of Salt Creek
and Trail Creek, indicates the existence of well-devel-
oped, shallow ground-water systems. Additional tem-
porary storage due to interception of precipitation is
probably significant in these watersheds since forest
cover in the Salt Creek (near McCool) and Trail Creek
(at Michigan City) watersheds are 12.6 and 20.1 per-
cent of the respective drainage areas (Glatfelter, 1984).

SURFACE-WATER DEVELOPMENT
POTENTIAL

The development potential of the surface-water sys-
tems for water supply purposes can have a great impact
on several economic activities. The Lake Michigan
Region will continue to utilize the abundant supply of
fresh water in Lake Michigan for almost all of its water
use. The development of streams as potential water
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supply sources may be possible in some cases, but other
surface-water systems such as ponds, lakes, and wet-
lands are not considered as significant water supply
sources because of their limited storage capacity,
water-quality considerations, and in some cases regu-
latory and environmental constraints.

Lake Michigan and the other Great Lakes

Lake Michigan, the other Great Lakes, and the
connecting channels form an invaluable surface-water
system that provide the surrounding areas with enor-
mous quantities of fresh-water for public supply, man-
ufacturing, and both fossil fuel and hydroelectric pow-
er plants. In fact, industrial development of the region
was based mainly on the availability of abundant fresh-
water supplies from the lake. In addition, the Great
Lakes is used for commercial navigation, fishing, and
various types of recreation.

The Great Lakes System, having a storage volume of
approximately 5,440 cubic miles at low water datum,
contains the single largest supply of fresh surface water
on this planet. The volume of water within the Great
Lakes is approximately six quadrillion gallons or 20
percent of the world supply of fresh surface water and
approximately 95 percent of fresh surface water in the
United States Great Lakes Basin Commission, appen-
dix 11 (1975¢c).

The most immediate source of water supply to the
Great Lakes System is an average annual direct precip-
itation of approximately 32 inches over a surface area
of approximately 95,000 square miles. Another water
supply source is runoff over the lands, which reaches
the lakes over a period of time. The amounts of runoff
to the lakes are relatively well-known, since records
have been kept for a number of tributary streams. In
general, runoff to the lakes is proportionate to amounts
of precipitation. Average annual runoff to the Great
Lakes System is approximately 32 inches.

Evaporation, a loss of water from the Great Lakes
System, is approximately proportionate to depth of
individual lakes. Lake Superior, the deepest has the
lowest evaporative rate loss, losing an average of 21
inches per year. Lake Erie, the most shallow has an
evaporative rate of 33 inches per year. Lowest evapo-
ration for the Great Lakes System generally occurs in
spring when the water temperature is close to or below
the dew-point temperature of the air. The largest
amount occurs in the fall when the water temperature
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is considerably higher than the dew-point temperature
of the air. '

Ground water inflow to the Great Lakes has been
estimated by the U.S. Geological Survey to be nearly
2,000 cubic feet per second. Since the amount of
ground water supplied to any of the lakes is small
compared to runoff and precipitation, many investiga-
tors assume the difference between ground-water in-
flow and outflow to be negligible (Great Lakes Basin
Commission, 1975b).

Lake Michigan contains approximately 22 percent,
or 1180 cubic miles, of the total volume of Great Lakes
water. Average annual direct precipitation for the Lake
is approximately 30 inches over a surface area of
22,300 square miles. Average annual runoff from the
land is approximately 23 inches, and evaporation is
estimated to be 26 inches per year, on average. At the
Lake Michigan outlet to the Strait of Mackinac average
outflow is approximately 52,000 cfs. The volume or
rate of flow of ground water entering or leaving Lake
Michigan has not been quantified.

Analysis of the surface-water hydrology of the Great
Lakes or Lake Michigan is beyond the scope of this
report. Information of a more detailed nature, however,
may be found by Sub-area in the Great Lakes Basin
Commission Framework Study, Appendices 2 (1976a)
and 11 (1975c¢).

Wetlands and lakes

As described previously in the Surface-Water Re-
sources section of this chapter, there are numerous
types of non-riverine wetlands in the Lake Michigan
Region. Palustrine wetlands include marshes, swamps,
bogs, and other areas covered at least periodically by
shallow water. Lacustrine wetlands include the deep
portion of lakes, gravel pits, and large ponds.

Although some palustrine wetlands in the Lake
Michigan Region may store considerable amounts of
water at certain times, the shallow water depth and the
temporary nature of ponding does not make these
wetlands suitable as water-supply sources. Moreover,
regulatory and non-regulatory programs administered
by state and federal agencies (appendix S) discourage
the detrimental exploitation of wetlands, including
certain land uses which would adversely affect nearby
wetlands. The values of wetlands and the need for their
conservation was discussed earlier in this chapter.

Surface-water withdrawals in the Lake Michigan



Region occur on many privately-owned ponds and
small lakes, primarily for irrigation purposes. Other
withdrawals occur on ponds at sand and gravel produc-
tion facilities.

Public freshwater lakes in the Region generally are
not used for water supply. As discussed previously in
this chapter, existing state laws discourage both direct
and indirect significant pumpage from natural lakes. In
accordance with Indiana law, lakes with a legally
established average level are to be maintained at that
level. Temporary lowering of the lake level requires
approval by a local court and the Natural Resources
Commission. Approval typically is granted only for
shoreline improvements or lake restoration. -

Even if state laws were amended to allow lowering
of lake levels for supply purposes, treatment costs
would probably limit uses to irrigation, livestock wa-
tering, or fire protection. Pumpage-induced lowering
of water levels could detrimentally affect existing
water quality, fisheries habitat, and adjacent wetlands.
Moreover, significant lowering of lake levels would be
objectionable to most lakeside property owners.

Adding lake storage for supply purposes also has
considerable drawbacks. Amendments to current lake
laws or approval for temporary lake-level increases
would be required. Moreover, existing control struc-
tures at potential supply sites would have to be modi-
fied, because few lake-level control structures are
designed to store water at elevations above the legal
level. Furthermore, the inundation of lakefront proper-
ty would be objectionable to lakeside property owners.

Because of these and other limitations, lakes other
than Lake Michigan are not considered as potential
water supply sources in the Lake Michigan Region.

Streams

The water-supply potential of streams can be evalu-
ated on the basis of selected stream-flow characteris-
tics, which are defined as statistical or mathematical
parameters derived from stream-flow records. In this
report, average and low-flow characteristics were de-
fined at gaged sites using flow-duration curves, fre-
quency analysis, and hydrograph separation techniques.
These methods, which are described below, also can be
used in other applications, including the design and
operation of water-supply facilities, waste-treatment
plants, reservoirs, and hydroelectric power plants;
water-quality studies; waste-discharge regulation; and

management of fish and wildlife habitat.

Methods of analysis
Average flow

Average flow is defined as the arithmetic mean of
individual daily mean discharges for a selected time
period, such as a week, month, season, year, or period
of several years. However, average flow is commonly
used to refer to the long-term mean annual discharge,
which is the arithmetic mean of the annual mean
discharges for the period of data record.

Recently, the U. S. Geological Survey replaced the
term average flow with annual mean. However, in this
report, the term average flow is used because its
common meaning is widely known.

From statistical analysis of stream flow data, stream
discharges do not follow a normal distribution, but
rather a skewed distribution. The average discharge
usually is greater than the median discharge, which is
the flow rate equaled or exceeded 50 percent of the
time.

Based on more than 40 years of record, the average
flow in Deep River and Salt Creek is equaled or
exceeded 25 to 30 percent of the time. Stream flow in
Trail Creek shows a similar frequency characteristic
based on 22 years of record.

The relation between average flow and drainage area
is commonly used in hydrologic applications. In the
Lake Michigan Region, a good correlation exists be-
tween long-term flows for selected continuous-record
gages, which have been active for at least 20 years, and
the respective drainage areas (figure 34). The mathe-
matical relation shown in figure 34 may be used to
estimate average flows at ungaged sites on streams in
the Lake Michigan Region that drain areas of at least
17 square miles.

Flow duration

Flow-duration curves, as described in a previous
section, show the percent of time that specified daily
discharges are equaled or exceeded during a given
period of record. By incorporating the entire range of
stream flows, duration curves are useful for indicating
overall flow characteristics and identifying differences
in stream-flow variability. Duration curves also can be
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Figure 34. Relation of average discharge at
continous-record gaging stations to total
drainage area

used to estimate the percent of time that a given
demand for stream flow can be satisfied, on average,
over a long period of time. However, curves cannot be
used to determine the sequence, statistical frequency,
or duration of either adequate or deficient flows.

Flow ratio is a general term that can apply to many
stream-flow parameters. In this report, the maximum-
to-minimum ratio of annual mean flows and the ratio
of 20-percent-duration to 90-percent-duration flows
are used to indicate the variability of stream flow.

The 20-t0-90-percent flow-duration ratio is a nu-
merical index that represents the slope of the middle
portion of the flow-duration curve (figure 33). As
described previously, the flow-duration ratio (slope)
reflects not only the presence of flood-attenuating
factors in a watershed, but also the relative component
of stream flow due to base flow.

The two major tributaries of the Little Calumet
River, Deep River and Salt Creek, have flow duration
curves of about 11 and 3, respectively. The lower ratio
of Salt Creek indicates substantially higher amount of
base flow, which leads to more sustained stream flows
during dry weather.
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Low flows

Low-flow frequency data can be used to estimate
how often, on average, minimum mean flows are
expected to be less than selected values. Low-flow
characteristics commonly are described by points on
low-flow frequency curves prepared from daily dis-
charge records collected at continuous-record gaging
stations. At stations where short-term records and/or
base-flow measurements are available, correlation tech-
niques can be used to estimate curves, or selected
points on curves.

Low-flow frequency curves show the probability of
minimum mean flows being equal or less than given
values for a specified number of consecutive days.
Figure 35 shows the relation of annual minimum mean
discharges for 1-day and 7-day periods for Salt Creek
at McCool and Trail Creek at Michigan City.

In this report, the following points on the 1-day and
7-day curves have been selected as indices of low flow:
the minimum daily (1-day mean) flow having a 30-year
recurrence interval, and the annual minimum 7-day
mean flow having a 10-year recurrence interval (figure
35).

The 1-day, 30-year low flow is the annual lowest 1-
day mean flow that can be expected to occur once every
30 years, on the average. In other words, it is the annual
lowest daily mean flow having a 1-in-30 chance of
occurrence in any given year. In this report the 1-day,
30-year low flow indicates the dependable supply of
water without artificial storage in reservoirs or other
impoundments. In many cases, the 1-day, 30-year low
closely approximates the minimum daily discharge of
record for streams in the Lake Michigan Region.

The 7-day, 10-year low flow is the annual lowest
mean flow for 7 consecutive days that can be expected
to occur, through a long period, on the average of once
every 10 years. There is a 1-in-10 chance that the
annual minimum 7-day mean flow in any given year
will be less than this value.

In Indiana, the 7-day, 10-year low flow (7Q10) is the
index for water-quality standards. The flow is used for
siting, design, and operation of wastewater-treatment
plants; for evaluating wastewater discharge applica-
tions and assigning wasteload limits to industrial and
municipal dischargers; and as an aid in setting mini-
mum water-release requirements below impoundments.
In the future, the 7Q10 or other low-flow parameters
may be used by the Indiana Department of Natural
Resources to establish minimum flows of selected
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streams.

The U.S. Geological Survey has developed a method
for estimating the 7Q10 on ungaged streams in Indiana
(Arihood and Glatfelter, 1986). Regression analysis
was used to derive an equation which is most accurate-
ly applied to unregulated streams in northern and
central Indiana which drain areas between 10 and 1000
square miles, and have 7Q10s greater than zero. The
equation determined by Arihood and Glatfelter (1986)
is as follows:

7Q10 = 1.66 x DA "% x RATIO '3

where
DA = the contributing drainage area, in square miles;
and

RATIO = the 20-t0-90 percent flow duration ratio.

In the Lake Michigan Region, regionalized flow-
duration ratios mapped by Arihood and Glatfelter
(1986) are summarized as follows:

* Little Calumet River Basin east of Bumns

Harbor — 3

* Little Calumet River Basin west of Burns Harbor

-10

* Grand Calumet River Basin — 10

* Galena River Basin — 3

* Trail Creek Basin — 3

* Selected tributaries to Lake Michigan — 3.

Although 7Q10s estimated from the equation and
flow-duration ratios shown above may differ from
values based on other regionalization techniques or
partial-record data, the estimates are suitable for broad
planning purposes. Site-specific design flows should
be determined according to local watershed conditions
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Figure 36. Example of stream-flow

and more detailed analyses.

Hydrograph separation

Hydrograph separation is a technique used to divide
stream flow (fotal runoff) into its component parts of
surface runoff, interflow and base flow. Surface runoff
is the combination of precipitation falling directly
upon the stream and water flowing over the land
surface toward the stream (overland flow). Interflow
occurs when precipitation that has infiltrated the soil
moves laterally through the soil toward the stream. For
convenience, interflow and surface runoff can be com-
bined into one category called direct runoff. Base flow
is the portion of stream flow that is derived largely or
entirely from ground-water discharge.

A graphical technique can be used to separate the
base-flow hydrograph from a stream-flow hydrograph
of daily discharges. As figure 36 shows, the hydrograph
of daily stream flows is composed of peaks and valleys
which often are quite sharp. Peaks represent the quick
response of stream flow to storm runoff received as
overland flow and interflow, and occasionally as
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and base-flow hydrographs

ground-water flow from hillslopes adjacent to the
stream. After peaking, stream flow recedes to a level
which represents base flow contributions only because
overland flow has ceased. The base-flow hydrograph
therefore can be approximated by eliminating the sharp
hydrograph peaks due to storm runoff, and drawing a
smooth curve (figure 36).

The volume of total runoff for a given water year is
computed by converting each daily discharge to a daily
volume, then summing these values over the year in
question. The total runoff volume can then be convert-
ed to inches by dividing it by drainage area. A similar
technique can be used to compute the total annual base-
flow volume.

The ratio of base flow to total runoff is one measure
of the degree to which stream flow is sustained by
ground-water discharge. This ratio therefore is an
indicator of the dependability of a stream for water

supply.

Average runoff of Lake Michigan Region

The total water-supply potential of a basin is the



Table 12. Average runoff of subareas within the Lake Michigan Region.
Drainage Unit flow Discharge Runoff Volume
Watershed Area (cfsm) (cfs) (in) (bg)
(sq mi)
Little Calumet River 331 1.00 331.22 13.58 78.0
into Lake Michigan
Little Calumet River into 56.6 0.83 46.98 11.27 11.1
state of lllinois
Drainage into state 56.6 1.50 84.90 20.36 20.0
of Michigan
Trail Creek and other 93.2 1.39 129.55 18.87 30.5
streams directly into
Lake Michigan
Grand Calumet River 65 — — — —

into Lake Michigan and
adjoining Lake Michigan
drainage

average precipitation that falls on the land surface and
is not lost to evapotranspiration or used consumptively,
such as being incorporated into a manufactured prod-
uct. The theoretical maximum supply potential of a
drainage basin as a whole can be defined as the long
term average runoff, which includes both surface run-
off and ground-water discharge to streams. However,
the Lake Michigan Region is not a single drainage
basin, but rather a mosaic of several watersheds of
complex hydrology.

Accurate determination of average runoff of the
Lake Michigan Region is an almost impossible task.
Natural flow rates in the Grand Calumet River cannot
be reliably estimated because most of the flow in the
river is industrial cooling and processing water and
waste treatment plant effluents. In addition, flow rever-
sals between Lake Michigan and the contributing
streams in the Region during periods of wind setup at
the southern end of Lake Michigan can often lead to
inaccurate determination of flow rates in the lowest
reaches of the streams.

Table 12 shows the average runoff of various sub-
areas in the Lake Michigan Region. The runoff of each
subarea is determined using stream flow records at
active and inactive gages, which have period of record
data for at least 20 years as of water year 1991. This
technique is based on the assumption that the average
unit flow, as determined from gaging station records,
is truly representative of the entire subarea. Surficial
geology maps by Schneider and Keller (1970) and

Gray (1989) were used to help delineate subareas of
similar geohydrology within the Lake Michigan
Region.

Supply potential of streams

The potential of individual streams in the Region for
water-supply development is based on stream flows
without regard to the potential construction of im-
pounding reservoirs (either in-channel or off-channel),
which would otherwise improve the water-supply of
some streams. Variations in stream-flow are interpret-
ed primarily on the basis of geologic, soil and land use
differences among and within drainage basins.

Stream-flow characteristics for active and inactive
continuous-record gaging stations having at least 20
years of data record as of water year 1991 are shown in
table 13. Average and low-flow values for these sta-
tions are plotted in figure 37 to facilitate an assessment
of the geographic variation in flows.

Streams that have relatively high sustained flows are
more reliable than streams of low sustained flows, and
thus are preferred for water-supply development. How-
ever, water quality determines the actual use of the
water, and therefore plays an important role in water-
supply development.

In the following discussion, only the Little Calumet
River, its major tributaries and Trail Creek are consid-
ered in detail. Most of the other drainage networks in
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A - Stream gaging station or wastewater discharge
point

POTW Publicly-Owned Treatment Works

B - Drainage Area (sq. mi.)

C - 1-day, 30-year low flow (cfs)

D - 7-day, 10-year low flow (cfs)
E - Average flow (cfs)

NA - Data not available

Industrial and non-municipal wastewater facilities are too numerous to analyze at this
scale. The selected reference section includes titles of relevant wastewater studies.

Low flows are not calculated for the Grand Calumet
River system because flows are complex and
drainage areas indeterminate.

Figure 37. Selected stream-flow characteristics
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Figure 38. Duration curves of daily mean stream flow for gaging stations on Trail Creek, Salt Creek, Hart
Ditch and Little Calumet River

the Region are too small for significant water-supply
development. The Grand Calumet River has consider-
able flow, but natural-flow analysis is almost impossi-
ble because most of the flow in the river is industrial
cooling and processing water and waste treatment
plant effluents.

Little Calumet River System

The water-supply potential of the Little Calumet
River and its tributaries varies considerably across the
Lake Michigan Region because of the geographic
variation in flows. Evidence for the spatial variation in
development potential comes from low-flow and flow-
duration curve comparisons, in addition to the relative
extremes in mean annual stream flow.

The water-supply potential of the Little Calumet
River and its major tributaries is greater along the
reaches in Porter County than in Lake County. At the
gaging station in the town of Porter, Porter County, the
1-day 30-year (1Q30) and the 7-day 10-year (7Q10)
low flows in the East Arm of the Little Calumet River
are 18.0 and 20.8 cfs, respectively (table 13). In
contrast, the 1Q30 and 7Q10 low flows in the Little
Calumet River at Munster, Lake County, are 2.32 and
3.71 cfs, respectively. When unit low flows are consid-
ered, the flow differences become even greater be-
cause the drainage area above the Porter gage is about
66 mi®, whereas the drainage area above the Munster
gage is about 90 mi%. The ratio of maximum to mini-
mum annual stream flow in the Little Calumet River is
about 3 at Porter, and about 5 at Munster. Similar
geographic trends-in stream flow are seen among the
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major tributaries of the Little Calumet River. In Salt
Creek near McCool, Porter County, the 1Q30 and
7Q10 low flows are 14.1 and 19.37 cfs, respectively,
but in Hart Ditch at Munster, Lake County, the 1Q30
and the 7Q10 low flows are 1.88 and 2.75 cfs, respec-
tively (table 13). The unit low-flow comparisons close-
ly follow the actual low-flow comparisons because the
drainage areas of both watersheds are similar in size,
each just above 70 mi? (table 13). The ratio of maxi-
mum to minimum annual stream flow is about 3 in Salt
Creek at McCool, and about 7 in Hart Ditch at Munster.

Low flows, i.e. 1Q30 and 7Q10, in Deep River at
Lake George Outlet at Hobart (Lake County) could not
be determined because of periods of no flow. However,
the ratio of maximum to minimum annual stream flow
is greater than 5, falling between the ratios of the Little
Calumet River at Munster and Hart Ditch at Munster.

The high variability in flow at the gaging stations in
Lake County is mainly due to the low permeability of
the soils and the considerable degree of urbanization
and development in the northern part of the county. The
presence of impervious surfaces, such as roads, park-
ing lots and buildings in a watershed amplifies flood
peaks during storms by increasing runoff and decreas-
ing the time of concentration.

Conversely, greater sustained (low) flows and lower
ratios of maximum to minimum annual stream flow
occur in the drainage networks of the Little Calumet
River in Porter County because of higher ground water
contributions. This geographic variation in stream
flow is apparent in the flow duration curves shown in
figure 38.

As explained earlier in the section entitled Factors
Affecting Stream Flow, the surficial sediments in the
tributary and mainstem areas of the Little Calumet
River in Porter County are more permeable than in
Lake County. Greater infiltration of precipitation leads
to higher ground water contributions to streams in
Porter County.

In both the Little Calumet River at Porter and Salt
Creek at McCool, base flow comprises about 68 and 64
percent of the respective stream flow during a year of
average precipitation (table 13). In Hart Ditch at
Munster, base flow comprises, on average, about 43
percent of the total stream flow. Hydrograph separa-
tion techniques could not be used to determine base
flow contributions to the Little Calumet River at
Munster. A hydraulic divide across the streambed just
east of the Hart Ditch confluence causes complex flow
patterns during periods of varying water levels in Hart
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Ditch and the Little Calumet River.

Trail Creek

The water-supply potential of Trail Creek is the most
favorable of all the streams in the Lake Michigan
Region based on low-flow records at gaging stations
which have been active for at least 20 years. Estimates
of Trail Creek’s 1Q30 and the 7Q10 low flows at the
gage in Michigan City are 20.8 and 24.32 cfs, respec-
tively (table 13). The ratio of maximum to minimum
annual stream flow is slightly more than 2, by far the
lowest of all major streams in the Region.

As discussed previously in the section entitled Fac-
tors Affecting Stream Flow, the surficial sediments in
the watershed of Trail Creek are highly permeable
compared to other watersheds in the Region. On aver-
age, base flow comprises about 76 percent of total
stream flow in Trail Creek during a year of normal
precipitation (table 13). In Galena River near LaPorte,
base flow comprises an average of 83 percent of stream
flow; however, total stream flow is small because the
drainage area above the gage is only 17.2 mi’.

At present, registered water withdrawals from Trail
Creek are used for irrigation of two golf courses. A
high-withdrawal facility used for energy production
purposes is located in the mouth of Trail Creek. How-
ever, since the mouth of Trail Creek and Lake Michi-
gan are parts of a contiguous surface-water body,
withdrawals by the energy production facility do not
come entirely from the Trail Creek watershed.

Water-quality problems in Trail Creek limit its
water-supply development potential. Water quality of
Trail Creek is discussed in the Surface-Water Quality
section of this report.

FLOODING

Flooding in the Lake Michigan Region is primarily
due to overbank flow and inadequate storm drainage.
Overbank flow is commonly caused by a reduction in
either channel slope or cross-sectional area, both of
which reduce the transporting capacity of a river and
lead to higher flood stages. For example, when struc-
tures are constructed in a floodway, the cross-sectional
area available for flood flows is reduced, backwater
levels are elevated, and flood peaks become amplified
upstream of the structures.



In developed areas flooding can be caused by storm
drainage systems which were built to handle excess
runoff generated by the increase in impervious cover.
When storm runoff exceeds the capacity of a designed
drainage system, water backs up and causes flooding.

Most of the critical flooding in the Lake Michigan
Region occurs along the mainstem and tributaries of
the Little Calumet River in Lake County. Extensive
development of the area, poor drainage characteristics
of the soil, inadequate channel capacity to handle flood
flows, and high water table all contribute to prolonged
floods.

The largest and most damaging floods typically
occur during early spring when saturated or frozen soil,
prolonged or widespread rainfall, and snowmelt can
combine to produce maximum runoff over large areas.
Major floods also can occur in summer, fall and winter
under certain combinations of precipitation events and
hydrologic conditions. Floods are aggravated by the
accumulation of debris, sediment, and ice at bridges
and culverts because of backwater effects.

Flooding in the Little Calumet River watershed is
most disastrous in northern Lake County because of the
high concentration of development. During the major
floods of October 1954 and July 1957, the communities
of Gary, Griffith, Hammond, Highland and Munster
incurred considerable property damage. Health haz-
ards were created by the backup of sanitary sewers,
while road damage in Griffith and Highland added to
losses due to the floods.

In these flooded areas near the mainstem of the Little
Calumet River, inadequate capacity of the channel had
forced water into temporary storage across levees.
Most of the levees were built during early urbanization
and industrialization of the Region, with little, if any,
attention given to design and floodway considerations.

Communities in the tributary areas, including Dyer,
Hobart, Lake Station, and Schererville, also incurred
property damage during the 1954 flood. Unfortunately,
ﬂooding in parts of Lake Station was aggravated by
flow through gaps in the levees.

The widespread flooding in the Lake Michigan
Region during October 1954 was due to an extensive
storm which also affected the watersheds of the East
Arm of the Little Calumet River in Porter County and
Trail Creek in LaPorte County. In the town of Porter
(Porter County), about 10 inches of rain fell during a
30-hour period. Considerable damage to roads and
bridges occurred within the corporate limits of Portage
and Porter. Daniels and Hale (1955) provide detailed

discussions of the 1954 flood.

The most recent major flood in the Lake Michigan
Region occurred in late November of 1990, when a
high-intensity rain event dumped about 6 inches of rain
over a 5-hour period in parts of Lake County (Federal
Emergency Management Agency or FEMA, 1990).
Slightly less rain occurred in Porter County, but the
cumulative effects caused record flooding in many
parts of the Region. Records for both highest daily
mean and instantaneous peak flows were set at five of
the Region’s seven continuous-record gaging stations,
which had "period of record" data for at least 20 years
(table 11). Instantaneous peak stage records were
established at four of the stations.

As a result of the destruction and damage caused by
the late November 1990 flood, the President declared
a major disaster for the state of Indiana, and Lake
County was declared eligible for Individual Assis-
tance. Losses due to flood waters from the Little
Calumet River and its tributaries in Lake County
totalled more than $7.2 million (Federal Emergency
Management Agency, 1990).

Condition of damage due to the flood ranged from
moderate to heavy in Dyer, the Black Oak section of
Gary, and Schererville to severe in the Wicker Park
section of Highland. Several possible health and envi-
ronmental problems arose because of the flood. A
significant threat was posed in Highland when leaks of
petroleum products from a nearby gas station and
above-ground home heating-oil tanks contaminated
both water and homes (Federal Emergency Manage-
ment Agency, 1990). Highly toxic polychlorinated
biphenyls (PCBs), which are carcinogenic, were found
in concentrations of 1,200 parts per million (ppm) in oil
cleaned from the area. Generally, state and federal
officials must be notified of cases when the concentra-
tion of PCBs exceeds 50 ppm. The source of the PCBs
was initially believed to be contaminated heating oil,
but the testing of oil from several tanks and homes
proved negative. The original source of the PCB’s was
never determined, but the EPA has certified that the
area is free of the contaminant (Federal Emergency
Management Agency, 1990).

Flooding problems along the mainstem of the Little
Calumet River in Lake County are expected to be
alleviated to a considerable degree after completion of
the Little Calumet River Flood Control and Recreation
Project. Work on the project began in 1990 and is
scheduled for completion by 1998. Details of the
project are discussed previously in the subsection
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entitled Levees and Flood Control.

The other watersheds of the Lake Michigan Region
have experienced flooding, but the damages incurred
were minor. Past flooding problems in Michigan City,
LaPorte County, are attributed to inadequate storm
sewers and poor drainage characteristics of areas with-
in the corporate limits. Although considerable exten-
sion and separation of the storm sewers have been
performed, full benefits have not been realized or
quantified.

The Grand Calumet River does not have a flooding
problem. Most of the flow in the river is industrial
cooling and processing water and waste treatment
plant effluents.

Flood-flow characteristics of the Lake Michigan
Region

The natural hydrology of the Lake Michigan Region
has been considerably altered because of channeliza-
tion projects, construction of canals and ditches, and
modification of the shoreline and near-shore landscape
in many parts of the Region. The influence of these
man-made changes, in addition to differences in the
surficial geology, topography, and degree of urbaniza-
tion in the various watersheds combine to create com-
plex flood-flow characteristics in the Lake Michigan
Region. Further complexity in flow characteristics
occur during periods of high lake levels and wind setup
on the lake which can lead to actual flow reversals
between the discharging streams and Lake Michigan.
Figures 39 and 40 illustrate the spatial variation in the
10-year and 100-year flood flows in the Lake Michigan
Region.

In the tributary areas of Deep River and Turkey
Creek, which lie along the northern extent of the
Valparaiso Morainal Complex, poorly-drained depres-
sions and basins of internal drainage allow consider-
able storage of floodwaters. Consequently, the 10-year
and 100-year flood flows in the tributaries of Deep
River and Turkey Creek are among the lowest for a
given drainage area in the Lake Michigan Region. The
relatively low slope of these curves is also caused by
the attenuating effects of depression storage.

Flood-flow characteristics in the Deep River and Salt
Creek watersheds are not very different from each
other (figures 39 and 40). The surficial geology and
topography of both watersheds are similar. Depression
storage in these watersheds may not be significant, but
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altuvial silt, sand and gravel along the mainstem
valleys serve as temporary storage features, especially
during periods of flooding.

Significantly higher 10-year and 100-year flood
discharges occur in Turkey Creek for a given drainage
area when compared to floods in Deep River and Salt
Creek (figures 39 and 40). Alluvium in the Turkey
Creek valley does not extend significantly beyond the
channel, resulting in little bank storage during floods.

In the East Arm of the Little Calumet River and Trail
Creek, the 10-year and 100-year flood discharge for a
given drainage area are the highest among all major
streams in the Lake Michigan Region (figures 39 and
40). This characteristic is probably attributed to greater
precipitation in the eastern part of the Region, as well
as high water-table and ground-water discharge zones
in the downstream areas of the watersheds.

Leeward of Lake Michigan, lake-effect precipita-
tion occurs when cold air passes over warmer lake
water (Indiana Department of Natural Resources,
1990a). The frequency, intensity and duration of pre-
cipitation can be higher in these areas because of the
orographic lifting of moist air over the topographic
highs along the ridges of the Lake Border and Valpara-
iso Moraines.

Flood frequency

The initial indicator of a flood is the stage of a river,
which is defined as the elevation of the river’s water
surface above a base elevation or datum. However, the
relative size of a flood is based on the peak discharge
rather than river stage because backwater effects due to
ice, debris or vegetation can cause higher stages than
would otherwise occur for a given flow. Peak-dis-
charge data is collected from a network of continuous-
record and crest-stage partial-record stream gaging
stations operated jointly by the U.S. Geological Survey
and IDNR Division of Water (see figure 31, table 11).

Stream gage records are used to determine peak-flow
characteristics, which are helpful in both mitigating
flood damages and planning for future floods. Dis-
charge-frequency characteristics can be used for 1) the
design and construction of roads, bridges, dams, levees
and spillways; 2) the regulation of floodplains; 3) the
management of water-control works such as dams and
spillways; 4) the mapping of flood-prone lands; and 5)
flood forecasting. Table 13 presents maximum peak
flows recorded at continuous-record gaging stations

having at least 20 years of data for the period of record
ending in 1991.

The variability of flood or peak flows, like the
variability of low flows, can be statistically described
by frequency curves. Flood frequency is generally
expressed as the probability, in percent, that a flood of
a given magnitude (discharge) will be equaled or
exceeded in any one year. The recurrence interval, the
reciprocal of the exceedance probability, is the average
number of years between exceedances of a given flood
magnitude.

The 100-year flood, for example, is the peak dis-
charge that is expected to be equaled or exceeded on the
average of once in a 100-year period. In other words,
there is a 1 percent chance that a peak discharge of at
least this magnitude will occur in any given year.
Similarly, the 50-year flood has a 2 percent chance of
occurring any given year, the 25-year flood has a 4
percent chance, and the 10-year flood has a 10 percent
chance.

It should be noted the recurrence interval, or frequen-
cy, represents the long-term average time period dur-
ing which a flood exceeding a certain magnitude is
expected to occur once. It does not imply a regular
periodicity between floods. A peak discharge having a
100-year recurrence interval, for example, could pos-
sibly occur in two consecutive years, or even in two
consecutive weeks. On the other hand, the 100-year
flood may not occur for several hundred years. The
discharge-frequency values only are accurate to the
extent that the available discharges used in the statis-
tical analysis are representative of the long-term dis-
charge record.

Since 1976, the Division of Water has coordinated
with the U.S. Geological Survey, U.S. Soil Conserva-
tion Service and U.S. Army corps of Engineers to
determine peak discharge-frequency values for Indi-
ana streams (Indiana Department of Natural Resourc-
es, 1990b).

For a given flood frequency, a relation between peak
discharge and drainage area can be developed to allow
the estimation of discharges at ungaged sites within a
watershed, or within other watersheds having similar
basin characteristics.

Floodplain management

Since the Lake Michigan Region was first settled in
the 1800’s, public and private agencies have expended
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Table 14. Community participation in the
National Flood Insurance Program

for major region counties.”

(all communities in regular phase of NFIP as of July 15, 1994)

County Community

Lake Crown Point
Dyer
East Chicago
Gary
Griffith
Hammond
Highland
Hobart
Lake Station
Merrillville
Munster
New Chicago
Schererville
Whiting

Porter Beverly Shores
Burns Harbor
Chesterton
Dune Acres
Ogden Dunes
Portage
Porter
Valparaiso

LaPorte Long Beach
Michiana Shores
Michigan City

* The unincorporated areas of Lake, Porter, and LaPorte Counties
participate in the National Fiood Insurance Program under their
respective counties.

billions of dollars to improve drainage and control
flooding. Although most methods of floodplain man-
agement historically have involved channelization,
ditching, dredging, levee construction, and land-treat-
ment measures, increasing emphasis is being placed on
floodplain regulation and non-structural alternatives,
such as land-use regulations, flood insurance, flood-
proofing, flood warning, and flood damage relief.

A report by Grady and Rutledge (1982) describes
floodplain management measures and various aspects
of land-use planning for Indiana communities. De-
tailed floodplain management reports and flood insur-
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ance studies are available for most counties of the Lake
Michigan Region. Most of these reports have been
prepared by cooperative efforts of the U.S. Department
of Agriculture (Soil Conservation Service), the Federal
Emergency Management Agency, the State of Indiana
(Department of Natural Resources), soil and water
conservation districts, planning commissions, and oth-
er local agencies.

Existing floodplain management regulations in Indi-
ana are governed by a combination of statutory laws at
both the state and federal levels. In brief, the state
establishes minimum standards governing the delinea-
tion and regulation of flood hazard areas. Moreover,
the 1945 Indiana Flood Control Act (I.C. 13-2-22)
prohibits construction, excavation or the placement of
fill in a floodway without prior approval from the
Natural Resources Commission.

The Indiana Department of Natural Resources, Divi-
sion of Water administers the flood control law and
also acts as the state coordinator of the National Flood
Insurance Program, which further helps to regulate the
development of flood-prone lands. According to re-
quirements of the program, new construction in a flood
hazard area must be located and built in such a way that
the potential for damages and loss of life is minimized.

Under this program, which is administered by the
Federal Insurance Administration of the Federal Emer-
gency Management Agency, property owners are eli-
gible to purchase federal flood insurance if their flood-
prone community adopts and enforces adequate flood-
plain management regulations.

A community can initially enter the emergency
phase of the flood insurance program by adopting
preliminary floodplain management regulations to
guide new construction in flood-prone areas, which are
approximately delineated on a flood hazard boundary
map based on a generalized study. During the initial
emergency phase, limited amounts of flood insurance
become available to local property owners.

The community can then enter the regular phase of
the program after a detailed flood insurance rate map
is issued following a flood insurance study, and after
local officials enact comprehensive regulations that
require all new or substantially improved structures to
be built in accordance with federal floodplain manage-
ment criteria. Under the regular program, the full
limits of flood insurance coverage become available.

Table 14 shows participation in the National Flood
Insurance Program by communities within the Lake
Michigan Region. The term “community” refers to



both unincorporated and incorporated areas which
have a government authority capable of adopting and
enforcing floodplain management regulations. By
virtue of this definition, an incorporated town is con-
sidered independent of unincorporated areas, which
are collectively defined as a separate community.

SURFACE-WATER QUALITY

Surface-water quality can be an important factor in
developing sustainable and beneficial land- and water-
use strategies. The presence of high-quality surface
water can facilitate or enhance development by provid-
ing water suitable for public supply, industrial cooling,
irrigation, livestock watering, recreation and aquatic
life. In contrast, surface water containing certain toxic
substances may pose a health threat to humans who
consume tainted fish taken from contaminated waters.
Moreover, the value of a surface-water source can be
diminished by bacterial pollution, high levels of nutri-
ents or unacceptable concentrations of inorganic and
organic chemicals.

Degradation of water quality may result from urban,
industrial, and agricultural land uses, because practices
associated with these uses may introduce sources of
pollution into the watershed. Such pollution sources
include wastewater discharge, contaminated runoff,
combined sewer overflow (CSO), atmospheric deposi-
tion, and accidental spills or discharges. There may
also be a tendency for pollution sources to be grouped
together along the banks of a river or shores of a lake,
a result of numerous users needing water for cooling,
manufacturing, transportation and other purposes.
Water quality degradation can occur in urban and
agricuitural areas if sufficient pollution-control prac-
tices are not properly implemented.

Historical Overview
Water-quality planning in northwest Indiana

The northwestern part of the Lake Michigan Region,
often referred to as the Calumet Area, is one of the
major industrial centers of the United States. Steel,
petrochemicals and other industries have been integral
parts of the Calumet Area’s economy for over a centu-
ry. This extensive urban and industrial development
has had detrimental effects on the environment and

surface-water resources of the Calumet Area. Conse-
quently, various agencies at the federal and state level
have produced strategies for protection and restoration
of Calumet Area surface-water resources.

Because much of the Region’s drainage ultimately
discharges into Lake Michigan, pollution in the Calu-
met Area has been a source of concern for Indiana and
other states along the Great Lakes coast. One dispute
concerning pollution in southern Lake Michigan re-
sulted in some early environmental action in the Cal-
umet Area. In 1944, the State of Illinois and the City of
Chicago filed suit against the state of Indiana; the cities
of Gary, Hammond, East Chicago and Whiting; and 16
Indiana-based industries regarding alleged water pol-
lution in Lake Michigan. The plaintiffs in the suit
claimed that pollution originating from northwest In-
diana was impairing the use of Lake Michigan as a
water supply. A consent decree specifying corrective
measures was entered in 1945, and all involved parties
were deemed in compliance by 1948 (U.S. Department
of Health, Education and Welfare, 1965).

In the 1960s, evidence from various studies, reports,
and surveys indicated that chronic water-quality prob-
lems were damaging the aquatic ecosystem of near-
shore Lake Michigan. Bottom dredgings of the Lake
between 1961 and 1963 indicated that much of the
Lake floor off the Calumet Area was covered with
dense, organic material. Subsequently, the benthic
community was dominated by aquatic worms, finger-
nail clams and other pollution-tolerant organisms.
Game fish species, such as trout and perch, were scarce
in the Calumet Area shores of Lake Michigan because
of poor water and bottom-sediment quality. Instead,
pollution-tolerant species of fish such as carp, buffa-
lofish, and sucker dominated the nektonic community
(U.S. Department of Health, Education and Welfare,
1965).

Water-quality problems in Lake Michigan also de-
creased the utility of the Lake for people. For example,
beaches along Lake Michigan in Hammond and Whit-
ing were frequently closed because of high bacteria
counts in the Lake waters. Water purification facilities
in Hammond, Gary and East Chicago reported taste
and odor problems attributed to phenols and other
organic compounds. The Gary facility also reported
some excessive ammonia concentrations at its intake
crib during January of 1963; and January, February and
March of 1964 (U.S. Department of Health, Education
and Welfare, 1965).

It was also recognized in the early and mid-1960s
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that most streams in northwestern Lake County were
affected by pollution (U.S. Department of Health,
Education and Welfare, 1965). The Grand Calumet
and Little Calumet Rivers were characterized by low
dissolved oxygen, high biochemical oxygen demand
(BOD), and aquatic communities dominated by pollu-
tion-tolerant organisms. Oil, grease, floating debris
and offensive odors made these rivers unappealing to
recreational boaters; and high coliform bacteria densi-
ties made them unfit for any body contact. Poor water
quality was also inhibiting development of public
recreation areas along the Little Calumet River in
Cook County (Illinois) and was responsible for lower-
ing property value assessments along the Grand Calu-
met River (U.S. Department of Health, Education and
Welfare, 1965). Water-quality problems were causing
negative impacts on the environment, public health,
and the general quality of life in the Calumet Area.

One of the first government agencies to become
involved with environmental issues in the Calumet
Area was the U.S. Department of Health, Education
and Welfare (DHEW). In December 1964, the secre-
tary of DHEW organized a conference which focused
on water pollution in northwest Lake County, Indiana
and the Chicago area. Reports were presented on water
quality and biotic conditions for Wolf Lake, Lake
Michigan, the Grand Calumet River, Little Calumet
River and other surface-water bodies in order to quan-
tify the causes and extent of surface-water pollution in
the area. Evidence from these reports indicated that the
discharge of inadequately-treated industrial and mu-
nicipal wastewater was the principal cause of surface-
water quality degradation. Furthermore, factors such
as CSOs, spills and dredging were having serious short-
term or local effects on water quality (U.S. Department
of Health, Education and Welfare, 1965).

The DHEW recommended numerous corrective ac-
tions to help alleviate the pollution load to Lake
Michigan and Calumet Area streams. Most of the
DHEW suggestions established pollution-control ob-
jectives and water-quality monitoring criteria for the
Area. The recommendations included: 1) elimination,
by treatment or exclusion of phenols, ammonia, phos-
phorous, acids, oil, tar and suspended matter from
industrial discharges; 2) regular effluent sampling by
industry to provide reliable estimates of waste outputs;
3) long-term monitoring of surface-water quality by
state and local agencies; 4) secondary treatment for all
municipal wastes; 5) disinfection of sanitary wastes
prior to discharge.
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In March 1965, a second conference was organized
by the Secretary of the DHEW to address interstate
water pollution in the Calumet Area. The meeting
included representatives from the Indiana Stream Pol-
lution Control Board, the Illinois Sanitary Water Board,
the Metropolitan Sanitary District of Chicago, and the
Federal Government. A technical committee was sub-
sequently formed with representatives from each of
these agencies. The committee would be responsible
for monitoring water quality, determining reasons for
the lack of improvement in water quality, and suggest-
ing remedial actions (Technical Committee on Water
Quality, 1970).

Progress evaluations were conducted by the Techni-
cal Committee in March and September of 1967 and
December of 1968 to assess the implementation and
effectiveness of the recommended pollution-control
measures. These evaluations concluded that, although
numerous pollution-control measures had been initiat-
ed, surface-water quality had not improved significant-
ly (Technical Committee on Water Quality, 1970). In
1970, the fourth progress evaluation by the Technical
Committee concluded that, although most recommend-
ed pollution-control measures had been emplaced by
1970, the surface waters in the Calumet Area were still
seriously polluted. The failure of existing abatement
measures was attributed to intermittent wastewater
discharges and inadequate wastewater treatment, at
some localities.

The Technical Committee also concluded that
planned future pollution-control measures would not
be sufficient to meet all future water-quality goals, and
the committee suggested additional abatement mea-
sures. Some of these additional measures recommend-
ed by the Committee included: 1) recycling treated
industrial and municipal wastewaters; 2) elimination
or control of CSOs; 3) development by state or munic-
ipal agencies of contingency plans to deal with acci-
dental discharges, such as spills or equipment failures;
4) daily sampling of wastes at each industrial outfall;
5) establishment of adequate and consistent effluent
criteria for the area (Technical Committee on Water
Quality, 1970).

New federal laws enacted in the 1970s provided a
framework for a more systematic and comprehensive
approach toward pollution control. Section 208 of the
Federal Water Pollution Control Act of 1972 mandated
that water pollution management be executed on an
area-wide basis, and that involved agencies prepare
comprehensive pollution-contro! plans for areas under



their jurisdiction (Northwestern Indiana Regional Plan-
ning Commission, 1978). In 1975, the state of Indiana
designated the Northwestern Indiana Regional Plan-
ning Commission (NIRPC) as the planning agency to
develop the section 208 water-quality management
plan for Lake and Porter Counties.

The section 208 water-quality plan was completed
by the NIRPC in 1978. The plan described the surface-
water conditions in Lake and Porter Counties, and
presented strategies for controlling point and non-point
sources of pollution in the two counties.

The primary goal of the NIRPC 208 plan was to
protect high-quality surface waters and ground waters
in the two counties (Northwestern Indiana Regional
Planning Commission, 1978). The plan was not intend-
ed to serve as a strategy for remediation of water-
quality problems in the area; therefore, it did not have
any provisions for remediating areas of environmental
degradation, nor did it address problems such as con-
taminated sediments, toxic pollutants in wastewa-
ter discharges, or cumulative pollutant loads on Lake
Michigan (Holowaty and others, 1991).

Water-quality planning in the Lake Michigan Re-
gion has also been influenced by basin-wide environ-
mental management strategies developed by the Amer-
ican - Canadian International Joint Commission (IJC -
see insert on page 100). In 1972, JC recommendations
became the basis of the first Great Lakes Water-
Quality Agreement between the United States and
Canada. The primary goal of the agreement was to
reduce pollutant loads to the Great Lakes and to control
cultural eutrophication (Great Lakes Water-Quality
Board, 1987). Emphasis was placed on municipal and
industrial point-source discharge problems which had
been documented by the IJC (Indiana Department of
Environmental Management, [1988b]). The 1972 agree-
ment was initially applied to the Lower Great Lakes
Basin, but was extended to the entire basin in 1978
(Great Lakes Water-Quality Board, 1987).

In 1977-1978, the two countries conducted a formal
review of the 1972 Water-Quality Agreement. It was
concluded that, although discharge limits established
in the 1972 agreement were generally being met, there
were still major environmental problems in the Great
Lakes Basin (Indiana Department of Environmental
Management, [1988b]). Additional strategies were
needed to correct long-term problems with sediment
quality, indigenous fish populations, persistent toxic
chemicals, and rehabilitation of ecologically degraded
areas in the Great Lakes Basin (Great Lakes Water-

Quality Board, 1987; Indiana Department of Environ-
mental Management, [1988b]). The 1977-1978 review
produced a second, more comprehensive water-quality
agreement between the U.S. and Canada.

The second water-quality agreement requires resto-
ration and maintenance of the physical, chemical and
biological integrity of the Lakes. The IJC also request-
ed that an “ecosystem-based” approach be used to
restore and maintain water quality in the Lakes. An
ecosystem-based strategy focuses on complex interac-
tions among water, air, land and biota; it requires that
the relationships among all components of the ecosys-
tem be considered while in the process of addressing
environmental problems. Such a strategy also requires
that ecosystem improvement be used as the criteria for
measuring the effectiveness of solutions (Indiana De-

“partment of Environmental Management, [1988b],

1993). The U.S. and Canadian governments endorsed
the second water-quality agreement in 1978, and it
remains the basic framework used by the IIC for
developing Great Lakes water-quality policy.

A scientific subcommittee of the IJC called the Great
Lakes Water-Quality Board (GLWQB) began to use
the ecosystem-based approach in 1981 to identify sites
within the Basin where environmental degradation was
severe enough to necessitate special actions. Previous-
ly, the board had designated “problem areas” in the
Great Lakes Basin where environmental guidelines
and standards had been exceeded. However, there were
no consistent criteria, either for identifying the prob-
lem areas, or for assessing the extent of environmental
degradation within them. Furthermore, the problem
areas were generally defined solely on the basis of
water-quality data (Indiana Department of Environ-
mental Management, [1988b]). After 1981, the Board
began to designate Areas of Concern (AOC) which
were assessed by using environmental quality data
gathered from all media and evaluated with uniform
standards (Indiana Department of Environmental Man-
agement, [1988b]).

The Great Lakes Water Quality Board identifies
areas of concern (AOC) as locations where the objec-
tives of the Great Lakes Water Quality Agreement
have not been achieved or where jurisdictional stan-
dards and guidelines are violated. Each AOC requires
remedial action to restore all beneficial, water-related
uses. Designated areas of concern include municipal
and industrial centers along rivers, harbors, and con-
necting channels in the Great Lakes Basin (Great Lakes
Water-Quality Board, 1987).
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The International Joint Commission

The American-Canadian Boundary Waters Treaty of 1909 out-
lines the basic principles for resolving disputes between the United
States and Canada over the waters along common borders. One
aspect of the agreement authorized the establishment of a bina-
tional organization to administer the terms of the treaty and to
advise the two governments on boundary-water issues. The orga-
nization established under the agreement is known as the Great
Lakes Internationa! Joint Commission (IJC). The 1JC was first
assembled in 1912, and remains involved in administration of the
1909 treaty and planning of Great Lakes policy (International Joint
Commission, [nd]).

The IJC acts as an intermediary for boundary-water issues
between the U.S. and Canada and it develops policies that are
based on consensus between the two governments. Both nations
appoint commissioners to the 1JC; however, these commissioners
do not work as representatives of their respective governments.
Instead, the Commission attempts to act as a singie body seeking
common solutions to boundary-water issues. |[JC recommenda-
tions are non-binding; therefore, implementation is at the discre-
tion of both governments. The 1909 treaty however, does contain
a provision allowing the two governments to refer issues to the IJC

In 1972, a scientific subcommittee of the IJC known as the Great
Lakes Water Quality Board (GLWQB) was established to investi-
gate a variety of water-quality problems occurring in the Great
Lakes Basin. The GLWQB is composed of experts from both the
U.S.A. and Canada who analyze Great Lakes water-quality issues
and advise the IJC on options to resolve these issues. Water-
quality issues studied by the Board include eutrophication in the
Great Lakes, persistent toxic substances, remediation of ecolog-
ically degraded areas, and the overall ecological conditions in the
Great Lakes Basin (Great Lakes Water Quality Board, 1987).

The Water-Quality Board is also involved with environmental
remediation in the Great Lakes Basin. Using data from annual
assessments of water quality, the Board designates Areas of
Concern (AOC - see page 99) in the Basin. The Board also assists
individual states and provinces in developing Remedial Action
Plans (RAPs) for each AOC under their jurisdiction, and it evalu-
ates the RAPs for adequacy and efficiency in resolving environ-
mental problems. This review and assistance process assures
that the RAPs utilize comprehensive, ecosystem-based strategies
in restoration programs even though the RAPs are prepared by
ditferent jurisdictions with varying needs and resources.

for a binding decision (International Joint Commission, [nd]).

Early in the 1980s, parts of northwest Lake County
were placed on the list of Areas of Concern (AOC) by
the Water-Quality Board. The northwest Lake County
AOC consists of the west and east branches of the
Grand Calumet River, the Indiana Harbor Canal, Indi-
ana Harbor and nearshore Lake Michigan in the vicin-
ity of Indiana Harbor (Indiana Department of Environ-
mental Management, [1988b]).

At a 1983 public meeting sponsored by the 1JC, local
environmental groups met with USEPA representa-
tives to press for remediation of the Grand Calumet
River system. The USEPA Region V Administrator,
subsequently committed to developing a Master Plan
for Improving Water Quality in the Grand Calumet
River/Indiana Harbor Canal (Holowaty and others,
1991).

The Master Plan was developed by the USEPA with
the cooperation of the Army Corps of Engineers and the
Indiana State Board of Health. A draft of the plan was
submitted for public scrutiny and comment in 1984; the
final form was issued in 1985. The Master Plan con-
tains a summary of existing environmental problems,
pollution sources, and water-quality control programs
in the Grand Calumet River and Indiana Harbor Canal.
The report concludes with recommendations for im-
proving water quality and aquatic habitat in these
streams (U.S. Environmental Protection Agency,
1985a). However, the Master Plan only addressed
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water-quality concerns and did not consider other
issues relevant to the AOC such as air deposition, solid
wastes and hazardous wastes disposal (Holowaty and
others, 1991).

Shortly after the Master Plan was completed, pollu-
tion-control responsibilities were transferred from the
Indiana State Board of Health to the Indiana Depart-
ment of Environmental Management (IDEM). The
IDEM was soon committed to developing a compre-
hensive plan to restore ecological integrity and bene-
ficial uses to the AOC. The result of the efforts was the
1987 Northwest Indiana Environmental Action Plan
(EAP). The EAP was developed in consultation with
the USEPA, the USGS, the IDNR, the Army Corps of
Engineers and the U.S. Fish and Wildlife Service.
Public participation in the development process of the
EAP was facilitated through a state established Citi-
zen’s Advisory Committee (CAC) composed of citi-
zens-at-large, business and industry representatives,
environmentalists, and educators (Holowaty and oth-
ers, 1991).

The EAP did not represent a single document with a
limited number of defined goals. Instead, it was a
comprehensive plan which encompassed numerous
programs, efforts and ongoing regulatory or investiga-
tive activities. The different programs encompassed by
the EAP include the 1985 Master Plan and a compre-
hensive Remedial Action Plan (RAP) for coordinating



environmental rehabilitation in the AOC (Indiana
Department of Environmental Management, [1988b]).
The EAP however, was never fully implemented and
was not consistent with the 1JC’s goals of systematic
and comprehensive remediation in the AOC (Holowa-
ty and others, 1991)

Current water-quality management efforts
The Northwest Indiana Action Plan

Current strategies for environmental remediation in
the Calumet Area are outlined in the Northwest Indiana
Action Plan (NWIAP), which is currently being devel-
oped by the IDEM and USEPA. The plan requires that
comprehensive and innovative approaches be used to
solve environmental problems, and that success be
measured from tangible environmental improvement.
The NWIAP is being developed to outline common
goals of the USEPA and state agencies in the Calumet
Area.

The action plan identifies six restoration objectives
for the Calumet Area (U.S. Environmental Protection
Agency and Indiana Department of Environmental
Management, 1992):

1. Ensure the remediation of sediments of the Indi-
ana Harbor Canal and Grand Calumet.River.

2. Achieve a high level of compliance with all feder-
al and state environmental statutes.

3. Investigate and remediate petroleum distillate float-
ing on ground water in the Area.

4.Initiate pollution-prevention activities with local
industries and municipalities.

5.Develop the Remedial Action Plan (RAP) and
Lakewide Management Plan (LaMP) to improve
water quality in the Area of Concern and Lake
Michigan, respectively.

6. Involve the public in the decision-making process
by public participation and education efforts.

The enforcement activities outlined in objective
number two of the Action Plan are facilitated through
a Geographic Enforcement Initiative (GEI) Task Force
maintained by the USEPA. Initiated in February of
1990, the GEI Task Force concentrates on developing
and coordinating multimedia enforcement cases
throughout northwest Indiana, and functions as a clear-
inghouse for enforcement activities. Some activities of

the GEI Task Force have resulted in agreements and
consent decrees with companies and agencies for
environmental remediation (U. S. Environmental Pro-
tection Agency and Indiana Department of Environ-
mental Management, 1992: U.S. Environmental Pro-
tection Agency, [ 19937?]).

The RAP and the Lake Michigan LaMP mentioned
in the fifth objective are environmental management
plans specified in the Great Lakes Water-Quality
Agreement.

The Remedial Action Plan for the Grand
Calumet River/Indiana Harbor Canal-Nearshore
Lake Michigan Area of Concern

Before environmental remediation begins in an
AOC, the IJC recommends that appropriate agencies
and organizations identify and classify causes of envi-
ronmental impairment in the AOC. The responsible
agencies and organizations should then, develop and
implement remedial actions based on the identified
causes of impairment. The strategies are to be enunci-
ated in a distinct Remedial Action Plan (RAP) devel-
oped for each AOC. The RAP identifies the specific
actions needed to control existing pollution sources,
abate contamination already present, and restore ben-
eficial uses to an AOC. The RAP also provides a
historical record of past remedial actions and changes
in the environmental quality of the AOC, and a time-
table for implementing remedial actions (Great Lakes

.~ Water-Quality Board, 1987; Indiana Department of

Environmental Management, [1988b]). A RAP there-
fore, can be viewed as a technical management docu-
ment to be used to coordinate and direct all concerned
communities, agencies and programs toward common
restoration goals, and to provide a framework for future
analysis and decision making (Great Lakes Water-
Quality Board, 1987; Indiana Department of Environ-
mental Management, [1988b]).

Because the environmental problems in the AOC are
complex, development and implementation of the
RAP will be conducted in stages: 1) defining ecosys-
tem problems, 2) reviewing and choosing solutions,
and 3) implementing the solutions. By developing the
RAP in stages, the remediation process will be orga-
nized in a way that should assure that problems will
be defined and comprehensive solutions will be
developed.

The stage 1 RAP defines the ecological problems in
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the AOC. This part of the RAP contains a description
of current biological, hydrologic, and environmental
conditions; in addition, it contains a description of
human activities which have affected these parts of the
ecosystem. It also identifies human conduct and insti-
tutional arrangements which obstruct environmental
remediation in the AOC (Indiana Department of Envi-
ronmental Management, 1993). The stage one RAP
essentially describes environmental conditions and
concerns in the AOC and sets priorities for the remedi-
ation process.

The first draft of the stage 1 RAP for the Grand
Calumet River/Indiana Harbor Canal AOC was com-
pleted in 1988. The IDEM, USEPA and CAC met
regularly, from March to November of 1988, to revise
the RAP draft. Work resumed on revisions to the plan
in 1990 with a special Citizen’s Advisory for the
Remediation of the Environment (CARE) Committee
representing community interests in place of the de-
funct CAC (Holowaty and others, 1991). The stage 1
RAP was submitted to the IJC for review in early 1991.

When the stage 1 RAP was completed, some relevant
studies on the extent of environmental degradation in
the AOC had not been completed. Nevertheless, the
stage 1 RAP was submitted for IJC review so that work
could begin on stage 2 of the RAP (Indiana Department
of Environmental Management, 1991). The IJC com-
ments on the draft suggested that the stage 1 RAP
would need considerable improvement, but the IJC
recognized the need for additional studies to fully
quantify ecological problems in the area. Therefore, as
work progresses on the stage 2 RAP, periodic revisions
will be made to stage 1 so that more efficient programs
for implementing RAP goals can be developed (Indi-
ana Department of Environmental Management, 1993).

The stage 2 RAP is currently being developed by the
IDEM with the assistance of the USEPA. In May of
1993, the IDEM released a draft of the Water-Quality
Component of the stage 2 RAP for public comment.
The Water-Quality Component is only a part of the
overall stage 2 process. Eventually, the stage 2 RAP
will include components for habitat restoration, sedi-
ments, and land remediation (Indiana Department of
Environmental Management, 1993).

The draft Water-Quality Component of the stage 2
RAP outlines strategies for restoration and protection
of the water resources in the AOC. This component of
the RAP defines the overall restoration goals for sur-
face waters in the AOC, and describes general remedial
activities which could assist in achieving these goals.
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The draft Water-Quality Component also summarizes
alternate plans for remediation. The water resources
considered in this component of the stage 2 RAP
include nearshore Lake Michigan, the Grand Calumet
River, the Indiana Harbor Canal, Wolf Lake, George
Lake, interdunal wetlands and area ground waters
(Indiana Department of Environmental Management,
1993).

The Water-Quality Component of the stage 2 RAP
will be reviewed on a regular basis to evaluate the
allocation of resources and progress being made to-
ward restoring ecological integrity and beneficial uses
in the AOC. During the review process, the stage 2 RAP
will be modified if changes in environmental condi-
tions or in regulatory practices necessitate such action.
Progress reports generated from these reviews will be
used to guide revisions to the programs and objectives
outlined in the RAP.

The third and final stage of the RAP requires imple-
mentation of the remedial activities and programs
needed for environmental restoration in the AOC. The
programs outlined in the second stage will be imple-
mented by different agencies, individuals, work groups
and other RAP participants. Coordination of involved
parties will be managed through the stage 3 RAP
process (Indiana Department of Environmental Man-
agement, 1993). The stage 3 RAP, when developed,
will seek to guarantee that the remedial measures are
instituted by the appropriate authorities.

The Lakewide Management Plan

In 1987, amendments to the Great Lakes Water
Quality Agreement (discussed on pages 99 and 100)
required the governments of the U.S. and Canada to
develop a Lakewide Management Plan (LaMP) for
each of the Great Lakes. The purpose of a LaMP is to
outline efforts and management practices required to
reduce loadings and ambient levels of certain toxic and
bioaccumulative pollutants in the Great Lakes. The
LaMPs also provide a mechanism to coordinate feder-
al, state, local and international programs relating to
pollutant load reduction and water quality protection.
Amendments to the Clean Water Act directing federal,
state and local agencies to achieve the goals and
objectives of the Great Lakes Water Quality Agree-
ment establish legal mandate for LaMP development
in the U.S. (U.S. Environmental Protection Agency,
1993b).



Because Lake Michigan is entirely within the U.S.,
development of the LaMP is ultimately the responsibil-
ity of the U.S. Environmental Protection Agency.
Participation in the LaMP process by other federal
government agencies, state governments, and private
interests is facilitated through various groups and
committees. The LaMP for Lake Michigan will outline
technical efforts required for reducing the ambient
concentrations and inputs of toxic pollutants in Lake
Michigan. The ultimate goal of the LaMP is the virtual
elimination of the input of persistent, bioaccumulative
and toxic chemicals into the Lake environment. The
LaMP also provides a summary of current knowledge
regarding specific pollutants influencing the water
quality of Lake Michigan (U.S. Environmental Protec-
tion Agency, 1993b; Illinois-Indiana Sea Grant, 1994).

The Indiana Department of Environmental Manage-
ment participates in the LaMP development process
for the state of Indiana. The IDEM plans to coordinate
the Water-Quality component of the stage 2 RAP with
development of the LaMP. Coordinating the develop-
ment and implementation of the LaMP and RAP should
facilitate meeting remediation goals and minimize any
duplication of efforts (Indiana Department of Environ-
mental Management, 1993).

In Indiana, some key activities in the development
and implementation of the LaMP include: 1) identify-
ing persistent toxic substances released from the Grand
Calumet River Basin into Lake Michigan; 2) identify-
ing specific sources of critical pollutants to the Grand
Calumet and Lake Michigan ecosystems; 3) estimating
the total pollutant load from the Grand Calumet River
into Lake Michigan; 4) developing of pollutant load
estimates and monitoring plans for individual sources;
5) identifying activities to reduce pollutant loads; 6)
developing data management processes to routinely
track and report pollutant load reductions (U.S. Envi-
ronmental Protection Agency and Indiana Department
of Environmental Management, 1992).

The Great Lakes Initiative

Federal and state agencies are presently developing
a basin-wide strategy, called the Great Lakes Initiative
(GLI), for protecting water quality in all of the Great
Lakes. The GLI is a cooperative effort between the
USEPA and the Great Lakes states to develop uniform
environmental standards and practices for the entire
Great Lakes Basin within the U.S. The initiative is

intended to assure adequate protection of the Great
Lakes ecosystem and to promote development of con-
sistent water-quality standards for all the states in the
Great Lakes Basin.

The GLI will set uniform discharge standards for the
region. Prior to development of the Initiative, each
Great Lakes state determined local discharge limits
within its boundaries. Some states, therefore, were
permitting higher discharges of certain constituents
than other Great Lakes states. The Great Lakes Initia-
tive however, will recommend revised surface-water
quality standards and discharge practices for all Great
Lake states (Indiana Environmental Institute, 1992;
Rubin and others, 1993).

The ultimate goal of the GLI is to virtually eliminate
the discharge of all toxics into the Great Lakes. The
initiative proposes strict regulations on the levels of 28
toxic and bioaccumulative chemicals. Regulations are
also proposed for “Tier II” criteria pollutants. Tier IT
substances are thought to be toxic, but hazards associ-
ated with them have not been fully determined or
quantified (Rubin and others, 1993; Mehan and Grant,
1994).

The GLI will focus primarily on regulating and
reducing point-source discharges in the Great Lakes
Region. Non-point sources will partially be addressed
by the 1990 Clean Air Act and new stormwater regu-
lations. Furthermore, the USEPA is beginning work on
another basin-scale strategy, the Great Lakes Toxics
Reduction Initiative, which will address multi-media
pollution issues in the region (Rubin and others, 1993).

The USEPA is also developing new criteria and
guidelines for water quality and the discharge of pol-
lutants into the Great Lakes. The new guidelines would
require that significant increases in pollution discharg-
€s must be necessary and must support important social
and economic benefits. These rules would also restrict,
and possibly eliminate, the practice of establishing
mixing or dilution zones in waters receiving state-
permitted industrial or municipal discharges (Rubin
and others, 1993).

The proposed criteria and guidelines have been
published in the Federal Register (58 Federal Register
20802, 1993) under the title of Water Quality Guidance -
for the Great Lakes System. Committees involved with
the Great Lakes Initiative developed the basis for
procedures outlines in the Great Lakes Water Quality
Guidance. Actual rules for the proposed Great Lakes
Guidance were developed by the USEPA and the eight
Great Lakes states with participation from municipal-
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ities on the Great Lakes, industry, academia, Native
American tribes, and environmental groups. The pro-
posed Guidance establishes minimum water-quality
standards, antidegredation policies, and implementa-
tion procedures for waters within the Great Lakes
Basin. The USEPA published the proposed Water
Quality Guidance for the Great Lakes on April 16,
1993, and is currently under court order to finalize the
Guidance by March 1995 (Mehan and Grant, 1994).

Trail Creek Watershed Management Plan

Trail Creek in northern LaPorte County is one of the
more important sa/monid streams in Indiana. An IDNR
fish-stocking program has helped maintain this desig-
nated cold-water fishery since the early 1970’s. Trail
Creek is also classified by the IDEM as a recreational-
use stream. Water-quality problems, however, have
historically prevented Trail Creek from supporting
these designated uses (Indiana Department of Environ-
mental Management, [1988a] and [19947]).

Efforts to improve water quality in Trail Creek began
with upgrades at the Michigan City wastewater treat-
ment plant. In 1984, the Michigan City Sanitary Dis-
trict received funding for design changes to reduce the
amount of raw and undertreated sewage entering Trail
Creek. The sanitary district plugged many CSO out-
lets, constructed a stormwater storage basin to elimi-
nate combined sewer overflows, and increased the
capacity of the treatment plant to reduce the frequency
of bypassing (Indiana Department of Environmental
Management, [1990]). However, this stream still does
not support designated recreational and aquatic life
uses.

In 1991, the municipality of Michigan City and the
IDEM signed a Memorandum of Understanding (MOU)
outlining the allocation of funds for water-pollution
control in Trail Creek. Michigan City, in cooperation
with the Trail Creek Improvement Program (TIP)
committee, had developed a water-quality improve-
ment plan for Trail Creek (see page 63 for a discussion
of the TIP committee). This improvement plan consist-
ed of various strategies to improve water quality,
decrease sedimentation, and reduce non-point source
poliution in the Trail Creek waterway. The IDEM
agreed to reimburse Michigan City with funds from the
USEPA for these water-quality activities.

The funds however, could not be accessed until a
comprehensive watershed management plan was de-
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veloped for Trail Creek. The IDEM subsequently
contracted the Northwestern Indiana Regional Plan-
ning Commission to develop a watershed management
plan for this stream. Community input to the plan was
facilitated through the Trail Creek Watershed Manage-
ment Resources Committee, a subcommittee of the
TIP Committee composed of community, govern-
ment, and private interests. The plan, completed in
1993, establishes four goals for the restoration of the
Trail Creek watershed: 1) reduce potential health
hazards due to poor water quality in the stream of Trail
Creek; 2) improve conditions for aquatic life in Trail
Creek; 3) increase the quantity and quality of recre-
ational opportunities in the Trail Creek watershed in
order to stimulate economic growth; 4) develop a
public awareness of the unique and diverse opportuni-
ties that the stream of Trail Creek provides (Steve
Davis, Indiana Department of Natural Resources, per-
sonal communication, 1993; Janellen McCoy, North-
western Indiana Regional Planning Commission, per-
sonal communication, 1993).

One part of the Trail Creek Watershed Management
Plan consists of a natural resource plan for controlling
soil erosion in the Trail Creek drainage basin. The
natural resource plan was developed by the Soil Con-
servation Service of the U.S. Department of Agricul-
ture in cooperation with the LaPorte County Soil and
Water Conservation District (SWCD). Development
of this plan was sponsored by the IDEM, the NIRPC,
the TIP committee, and the LaPorte County SWCD.
The natural resource plan describes soil erosion on
cropland, pastureland and woodland, and it develops
alternative conservation plans for reducing erosion.
The LaPorte County SWCD and local land owners will
use the natural resource plan as a guide for future
erosion-control activities (Bruce Milligan, U.S. Soil
Conservation Service, personal communication, 1993).

Designated surface-water uses in Indiana

The Indiana Department of Environmental Manage-
ment (IDEM) [1990] estimates that there are approxi-
mately 90,000 miles (144,000 km) of open-channel
waterways in the state of Indiana. These waterways
include navigable rivers, perennial streams, intermit-
tent streams and drainage ditches. All of these water-
ways are considered “waters of the state” and are
protected by Indiana stream pollution control laws.

The IDEM assigns one or more specific use classifi-



Table 15.
{Adapted from Indiana Department of Environmental Management 1992-1993 305(b) [1994 7]}

Designated uses and use-support status of selected streams

Designated surface-water uses in Indiana: Aquatic life; Recreation; Agriculture; Industrial; Public-water supply

Use support status: FS, stream is currently supporting designated use; PS, stream is partially supporting designated use; NS, stream is not
supporting designated use at present.

Nearest Designated use ; Probable cause
Watercourse town(s) support status Miles affected of impairment
Coffee Creek Chesterton NS (aquatic life) 2 Urban Runoft
Upper Salt Creek Valparaiso NS (aquatic life) 4 Low D.O.
NS (recreation) Bacteria
Lower Salt Creek Portage NS (aquatic life) 4 Low D.O.
NS (recreation) Bacteria
Upper Trail Creek Michigan City NS (aquatic life) 42 .Bacteria, Pesticides
and tributaries NS (recreational) Agricultural Runoff, PCBs
Lower Trail Creek Michigan City NS (aquatic life) 3 Pesticides
NS (recreational) Bacteria, PCBs
Galena River and Heston, FS (aquatic life) 13
tibutaries Lalimere
Burns Ditch Lake Station, NS (aquatic life) 8 PCBs, Pesticides
Portage NS (recreational) Bacteria
Little Calumet Porter, NS (aquatic life) 6 Bacteria, PCBs
River Chesterton NS (recreational) Cyanide, Pesticides
Little Calumet Hammond NS (aquatic life) 10 Bacteria, PCBs
River NS (recreational) Cyanide, Pesticides
Indiana Harbor Whiting, NS (aquatic life) 4 Bacteria
Canal E. Chicago NS (recreational) PCBs, Pesticides
Mercury
Low D.O.
E. Branch, Grand Gary, NS (aquatic life) 10 Bacteria
Calumet River E. Chicago NS (recreational) Qil and grease
PCBs, Pesticides
Cyanide
Lead
W. Branch, Grand Hammond, NS (aquatic life) 3 Bacteria
Calumet River E. Chicago NS (recreation) Low D.O.
PCBs, Pesticides
Lead
Ammonia
CSO, cyanide
Plum Creek Dyer FS (aquatic life) 4
Hart Ditch Munster, FS (aquatic life) 2
Highland
Beaver Dam Ditch Crown Point NS (aquatic life) 7 Poor Habitat
Low D.O.
Deep River Hobart NS (aquatic life) 4 Runoff, POTW
Poor Habitat
Deep River Lake Station NS (aquatic life) 4 Sewage
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cations to the streams of the state. The use classifica-
tions reflect the benefits that can be derived from the
stream by people and wildlife. The types of designated
stream uses in Indiana include: aquatic life, recreation,
agriculture, industrial, and public-water supply. Of the
total estimated 90,000 miles (144,000 km) of water-
ways in the state, the Indiana Department of Environ-
mental Management [19947] estimates that approxi-
mately 21,000 miles (33,800 km) can reasonably be
expected to support designated uses. The watercourses
that support designated uses consist of permanently
flowing rivers and some intermittent streams that have
adequate depth and duration of flow.

In a recent evaluation of the Lake Michigan Region,
the IDEM assessed approximately 210 stream miles for
aquatic life use and 102 stream miles for recreational
use (Indiana Department of Environmental Manage-
ment, [19947]). Some of the streams in the Region are
listed in table 15, along with designated uses, support

Table 16. Surface water standards in Indiana

status, probable causes of impairment, and miles af-
fected. Many streams in the Region, particularly those
in urban areas, cannot fulfill designated uses because
of the adverse effects of pollution.

Water quality standards

Water-quality standards are legally established lim-
its for various physical, chemical, or biological param-
eters that may affect use, safety, or aesthetics of water
resources. Federal and state agencies establish numer-
ical and/or narrative standards that may be used as one
criterion for assessing water quality. This report com-
pares levels of selected constituents measured in streams
and lakes in the Region with state and federal water-
quality standards.

In Indiana, water quality standards are promulgated
under Rule 1, Article 2, Title 327 of the Administrative

All surface water resources in the state of Indiana are protected by water-quality standards established in subsection (a) of 327 IAC 2-1-6
(1992). These standards essentially state that acutely or chronically toxic chemicals and noxious substances must not be present in surface-

waters at levels that will have detrimental effects on water quality.

Additional aspects of this law define standards that are preferentially applied to surface-water bodies on the basis of use. These additional
standards are enforced to help assure that Indiana’s surface-water resources can fulfill designated uses for humans and wildlife. Standards
for protecting surface-water uses are generally specified for particular parameters which can limit or prevent the potential use of surface-water
resources. For example, limits on Escherichia coli (E. coli) bacteria are enforced to protect people from disease caused by possible sewage
contamination. Streams or lakes which violate E. coli standards would probably not be considered safe for body-contact recreation or water

supply. A listing of fundamental surface-water uses and their corresponding water quality standards are outlined in the table below.

Designated stream-use

Specific standards defined under 327 IAC 2-1-6 (1992)

Recreational
(full body contact)

Public Supply’

Industrial Suppty?

Agricultural use

Aquatic life3

E. coli may not exceed 125/100 ml as a geometric mean of 5 or more samples equally spaced over 30
days, nor exceed 235/100 ml in any single sample over a thirty day period.

Coliform bacteria cannot exceed 5000/100 ml as a monthly average nor exceed 5000/100 m| and
20,000/100 mlin more than 20 and 5 percent, respectively, of all monthly samples. E. coli limits are the
same as those established for recreational use streams. Concentrations of either sulfates or chlorides
must not exceed 250 mg/L. Radiation levels due to radium-226 and strontium-90 must not exceed 3.0
pCi/L and 10.0 pCi/L, respectively (in the known absence of strontium-90 and other alpha emitters, beta
particle activity of up to 1000 pCi/L is acceptable)

Total dissolved solids cannot exceed 750 mg/L (subsection (f) specifies that a specific conductance of
1,200 pmhos/cm at 25°C can be considered equivalent to a TDS of 750 mg/L).

Waters must meet all requirements specified in 327 IAC 2-1-6(a) {the minimum water-quality
standards).

Allowable pH range of 6.0 - 9.0. Dissolved oxygen level must average at least 5.0 mg/L daily, without
being lower than 4.0 mg/L at any time. Maximum temperature increase due to anthropogenic activity
may not exceed 5.0°F (2.8°C) in streams or 3.0°F (1.7°C) in lakes and reservoirs. No substances
which impart unpalatable flavor to fish or offensive odor may be discharged into designated aquatic life
streams.
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Table 16.

Surface water standards in Indiana — Continued

Designated stream-use

Specific standards defined under 327 IAC 2-1-6 (1992)

Salmonid streams?®

Limited use streams

Exceptional use streams

Lake Michigan

6.0 mg/L minimum dissolved oxygen level (7.0 mg/L in spawning areas during spawning season). Any
temperature increases due to anthropogenic activity can not exceed 2°F (1.1°C). Maximum water
temperature must not exceed 65°F (18.3°C) during spawning season, 70°F (21.1°C) during the rest
of the year. The same limits on pH and the discharge of noxious substances specified for aquatic-life
designated streams also apply to cold water fish streams. Designated salmonid streams in the Lake
Michigan Region include Trail Creek and its tributaries, the Galena River and its tributaries, the East
Fork of the Little Calumet River and its tributaries, and Kintzele Ditch downstream from Beverly
Drive in Porter County.

In addition to standards established in subsection (a), limited use streams must meet the standards
established for recreational and industrial uses. Aerobic conditions must prevail at all times.

Unless standards are specified on a case-by-case basis, the quality of waters designated for
exceptional use shall be maintained without degradation.

The following criteria outlined in subsections (j) and (k) of 327 IAC 2-1-6 apply to all waters in the
Indiana portion of Lake Michigan:
minimum dissolved oxygen = 7.0 mg/L
pH between 7.5 and 8.5
No human-induced temperature changes that will have adverse affects on aquatic
organisms or the propagation of the aquatic community.

Maximum permissible values on the following chemical constituents

chlorides: 15 mg/L monthly average, 20 mg/L daily maximum

phenols: 0.001 mg/L monthly average, 0.003 mg/L daily maximum
sulfates: 26 mg/L monthly average, 50 mg/L daily maximum

total phosphorus: 0.03 mg/L monthly average, 0.04 mg/L daily maximum
TDS: 172 mg/L monthly average, 200 mg/L daily maximum

fluorides: 1.0 mg/L daily maximum

iron: 0.3 mg/L daily maximum

' Standards apply at the point where water is withdrawn for treatment. Water distributed for public supply must also

meet drinking water standards defined in 327 IAC 8-2.
2 Standards apply at the point where water is withdrawn for use.

3 Standards on excessive (above 9) pH do not apply when daily high pH values are correlated with photosynthetic activity by plants.

Code (327 IAC 2-1). Applicability of the standards
depends on the presence of an in-stream mixing zone
for effluent dilution, which may or may not be allocat-
ed to a discharger. The rule defines the minimum
water-quality standards which apply to all waters of the
state at all times, including waters in the mixing zones.
Minimum standards essentially require that waters of
the state be free of substances from anthropogenic
sources that can have detrimental effects on water
quality. Specifically, the rule extends this restriction to
substances 1) that can have adverse effects on the
aesthetic aspects of a water body; 2) that are in amounts
sufficient to be acutely toxic to humans, aquatic life,
plants or animals. The numeric criterion used to define
acute toxicity for minimum water-quality protection is
the acute aquatic criterion (AAC). The statutes also
specify that all waters in the state outside the mixing
zones must not contain substances at levels that can be
chronically toxic, carcinogenic, mutagenic or terato-

genic to humans, animals, plants or aquatic life. Indi-
ana water-quality statutes define standards, such as the
chronic aquatic criterion (CAC) to protect organisms
from chronic toxicity. Other standards outlined in the
rule are established for specific water-quality parame-
ters and stream-use situations (table 16). The regula-
tions also specify that when a stream is designated for
more than one use, the most protective standards apply.

Water-quality standards are reviewed and revised in
order to accommodate new environmental and public-
health concerns, or when new data indicates the allow-
able level of a specific contaminant should be changed.
It is thus, possible for the use-support status of a stream
or lake to change even though water quality remains
constant, because revisions are made in the water-
quality standards. In the following section, the quality
of major streams in the Region is evaluated relative to
1992 state water-quality standards. This evaluation
will help illustrate progress toward contemporary wa-
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Table 17.

IDEM water-quality monitoring stations in the Lake Michigan Region

{Compiled from Indiana Water Quality Monitoring Station Records- Rivers and Streams, Indiana State Board of Health/Indiana Department of
Environmental Management, and personal communication IDEM staff (1957-present).}

Location: Site locations are shown in figure 41.

Water Quality: Measurements of specific parameters vary with location and time during periods of record; samples collected monthly.

Plankton/algae: Samples collected monthly.

Toxics: Samples taken quarterly; measurements of specific parameters vary with location and time.

Location IDEM code Water Quality | Plankton/aigae Toxic compounds
Grand Calumet River
Hohman Av bridge, Hammond GCR 34 1958- 1959-63, 1966-72 1988-
Indianapolis Blvd, E. Chicago GCR 36 1964-67
Kennedy Av bridge, E Chicago GCR 37 1964-67, 1981- 1989-
U.S. 12, Gary GCR 41 1964-85
Bridge St bridge, Gary GCR 42 1986- 1989-
Indiana Harbor Canal
Mouth of Ind. Harbor Canal IHC O 1973-76, 1978- 1976, 1978-79
Dicky Road bridge, E Chicago’ IHC 2 1964-90 1977 1989-90
Columbus Dr, E Chicago IHC 3S 1964-
Indianapolis Blvd, E Chicago IHC 3w 1964-
Little Calumet River
Hohman Av, Hammond LCR 13 1958- 1959-63, 1966-72
Bridge on State Route 149 LCR 39 1971- 1973-75
Burns Ditch
Near mouth of Burns Ditch BD O 1964-84 1974-79
Midwest Steel truck bridge BD 1 1966- 1971-73 1989-
Bridge on State Highway 249 BD 2E 1966-
Portage Boat Yard dock BD 3W 1966-
Trail Creek
Franklin St, Michigan City? TC 0.5 1973-
U.S. 12, Michigan City TC 1 1969-72, 1977- 1969-72 1989-
Walker St, Michigan City TC 1.3 1973-76
Krueger Park, Michigan City TC 2 1986-
Salt Creek
U.S. 20, Portage SLC 1 1986-
U.S. 6 near Valparaiso SLC 7 1971-72
S.R. 130 bridge, Valparaiso® SLC 17 1973- 1989-
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Table 17. IDEM water-quality monitoring stations in the Lake Michigan Region — Continued
Location IDEM code Water Quality | Plankton/algae Toxic compounds

Lake Michigan

East Chicago intake crib LM EC 1969- 1971-90

Gary intake crib LM G 1969- 1971-90

Hammond intake crib LM H 1969- 1971-90

Michigan City intake crib LM M 1957- 1979-90

Whiting intake crib LMW 1957- 1979-90 1989-

Wolf Lake

129th St culvert, Hammond WL SL 1966- 1971-75 1988-

! Previously designated IHC 1 (1964-1985)
2 Previously designated TC 0.3 (1973-1985)
3 Previously designated SLC 12 (1973-1985)

ter-quality goals, but may not necessarily reflect a
stream’s past use-support status.

In addition to a comparison to state water-quality
standards, levels of specific parameters in Lake Mich-

igan Region streams are also compared to certain .

drinking water standards and guidelines. The federal
criteria used for comparison in this section include the
maximum contaminant level (MCL) and the secondary
maximum contaminant level (SMCL). The MCLs are
legally established limits for the concentrations of
specific constituents to protect human health. The
maximum contaminant levels are enforced for finished
water that is treated and distributed specifically for
public supply. The SMCLs are recommended, non-
enforceable standards established to protect aesthetic
properties of drinking water, such as taste and odor.
Although the streams in the Region are not sources for
public water supply, water quality in these streams may
be compared to federal drinking-water guidelines for
descriptive purposes. The established MCLs and
SMCLs for certain inorganic ions are listed in
appendix 6.

Water-quality monitoring and data collection

Long-term monitoring of water quality in Indiana
was initially the responsibility of the Indiana State
Board of Health (ISBH - now Indiana State Department
of Health). In 1957, the ISBH began collecting and
analyzing surface-water samples from a network of 49
stations located along streams throughout the state.

The ISBH maintained and expanded the system until
1986, when the Office of Water Management of the
Indiana Department of Environmental Management
(IDEM) assumed responsibility for the stream moni-
toring network. The IDEM-managed system presently
consists of over 100 water-quality monitoring stations
located throughout the state.

Near-surface grab samples are collected on a month-
ly or quarterly basis at most IDEM monitoring stations.
The grab samples are analyzed in the field and labora-
tory to quantify the values of numerous water-quality
parameters. The data obtained in the process are used
to detect changes in surface-water quality, evaluate
pollution-abatement strategies, estimate background
levels of various chemical constituents, determine if a
stream can meet designated uses, and help document
compliance with state and federal pollution-control
mandates.

At present, the IDEM collect