WATER RESOURCE AVAILABILITY
IN THE WHITEWATER RIVER BASIN,
INDIANA

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF WATER

1988




WATER RESOURCE AVAILABILITY IN THE
WHITEWATER RIVER BASIN, INDIANA

STATE OF INDIANA
DEPARTMENT OF NATURAL RESOURCES
DIVISION OF WATER

Water Resource Assessment 88-2

Printed By Authority of the State of Indiana
Indianapolis, Indiana: 1988



STATE OF INDIANA
Robert D. Orr, Governor

DEPARTMENT OF NATURAL RESOURCES
James M. Ridenour, Director

DIVISION OF WATER
John N. Simpson, Director

Project Manager: Judith E. Beaty
Editor: Cynthia J. Clendenon
Photography: Richard Fields
Cover Design: Robert Allen

Compilation and development of the final report was the primary responsibility of the
Basin Studies Section of the Water Management Branch.

For sale by Division of Water, Indianapolis, Indiana 46241
Price $5.00



PROFESSIONAL AND TECHNICAL STAFF OF THE
DIVISION OF WATER

JOHN N. SIMPSON, P.E., L.S., Director
JAMES J. HEBENSTREIT, P.E., Assistant Director — Water Management
MICHAEL W. NEYER, P.E., Assistant Director — Regulations
RICHARD L. WAWRZYNIAK, P.E., L.S., Assistant Director — Planning
VICTOR H. WENNING, P.E., Assistant Director — Engineering Services
MARCIA S. SIPF, Administrative Assistant

ENGINEERING SERVICES BRANCH

BRIAN E. BALSLEY, Surveyor

JOHN R. BARNHART, Engineering Geologist
ROBERT D. BIRCH, Engineering Technologist
STEVEN M. BRADLEY, Engineering Assistant
GEORGE P. CESNIK, Draftsman

JOHN C. CLARK, Engineering Geologist
LANNY J. CRAWLEY, Surveyor

KERRY M. DAILY, Engineering Assistant
BURTON C. DANIELS, Chief Draftsman
PHILLIP L. GEIGER, Surveyor

ABBIE G. GEORGE, Draftsman

ROBERT K. HALTOM, Surveyor

JAY A. KEMP, Surveyor

JAMES R. KIRK, Surveyor

SCOTT E. MORLOCK, Hydraulic Engineer
STEVEN G. MYER, Surveyor

RODNEY D. NEESE, Surveyor

MIKE T. SAUL, Engineering Geologist

TOM 1. SHAFFER, Draftsman

DON L. SPILMON, Draftsman

WILLIAM J. STEEN, C.P.G., Engineering Geologist
CHARLES T. STEVENSON, P.E., Hydraulic Engineer
JOSEPH C. STRACK, Surveyor

JAMES T. STRANGE, C,P.G., Engineering Geologist
RANBIR S. TREHAN, Surveyor

LEWIS G. TRENT, Hydraulic Engineer
HELEN A. WIERCIOCH, Hydraulic Engineer
ROBERT W. WILKINSON, L.S., Surveyor
CONNIE K. WILLIAMS, Draftsman
CHARLES D. WOODARD, Draftsman

SCOTT R. YOHO, Surveyor

PLANNING BRANCH

DALE F. BAKER, Water Planner

JOHN D. CRAWFORD, Water Planner

STEVE E. DAVIS, Water Planner

ART GARCEAU, Water Planner

WALTER A. MANGOLD, P.E., Hydraulic Engineer
CARLA J. NORTH, Water Planner

DEBRA J. SMITH, Engineering Assistant

PEGGY L. STOLZ, P.E., Hydraulic Engineer

REX R. STOVER, P.E., Hydraulic Engineer
WILLIAM L. TRAKIMAS, Water Planner

REGULATIONS BRANCH

GEORGE C. BOWMAN, P.E., Hydraulic Engineer
JOEL L.M. CRUZ, P.E., Hydraulic Engineer
ROBERT E. DARFUS, Engineering Assistant
DAVID W. EICHELBERGER, Hydraulic Engineer
ROBERT M. GRAY, Engineering Assistant

JOHN D. HALL, P.E., Hydraulic Engineer
JONATHON E. LaTURNER, Hydraulic Engineer
DONALD R. McALLISTER, Engineering Assistant
KEITH A. MILLER, Hydraulic Engineer
KENNETH E. SMITH, P.E., Hydraulic Engineer
JON D. STOLZ, Hydraulic Engineer

ERNEST H. VANDIVER, Engineering Technologist
EDWIN B. VICIAN, P.E., L.S., Hydraulic Engineer
JIMMY N. YEE, Engineering Assistant

WATER MANAGEMENT BRANCH

MARK E. BASCH, C.P.G., Engineering Geologist
JUDITH E. BEATY, C.P.G., Engineering Geologist
SIAVASH E. BEIK, P.E., Hydraulic Engineer
CYNTHIA J. CLENDENON, Engineering Assistant
RICHARD F. GEEKIE, P.E., Hydraulic Engineer
THOMAS L. GREENAWALT, Engineering Assistant
GREGORY A. MAIN, Program Specialist
MITCHELL J. MOSIER, Engineering Assistant
BRET A. ROBINSON, Engineering Geologist
TERRI C. SWOVELAND, Program Specialist
KATHERINE L. THALMAN, C.P.G.,

Engineering Assistant



CONTENTS

Page

INTRODUCTION . . . o e e e e e e e e e e e e e e 1
StUAY ArEa. . . oottt e i
Purpose and SCOPE. .. ..ottt e e e 1
Previous INVESHZAtIONS. . . ..ottt e e e 3
AcknOWIBAZEIMENLS . . . . o oottt e e e 4
POPULATION AND ECONOMIC FRAMEWORK . ... ... e 5
Population. . . ... o 5
BCONOMMY . . . o oottt et e e et e e e e e e e e e e 6
Land USe. . ..o e e e e e e e 7
GEOLOGIC FRAMEW O RK . . .o e e e e e e e s 11
Topography and soils. .. ......... . 11
Surficial BeOlOgY . . . . .ot e e 14
Bedrock GEOLOEY . . . . oo e e 17
BASIN HYDROLOGY . . . oot e e e e e e 19
Clmate . . . oo e e 19
Climatic data. .. ... ..ot i e e 19
Temperature . ... ..o 19
Precipitation . . .. oottt e e 20
Evapotranspiration . . . ... ...ttt ettt e e e e e e 24
Surface-water hydrology . . ... ... o e 24
Drainage characteristics. .. ... .. oot e 24
Stream-flow data. .. ... ... 24
RESEIVOIIS . . . . e 26
Stream-flow Characteristics . . . . .. ..ottt e e 27

Average flows. . ... 27

Low flOoWS . . o 28

Surface- and ground-water INteractions. . . . ...ttt ittt it e 29

Flow duration. ... ........ . i e e 30

Water-level correlation. . ........ .. ... ... e 31

Hydrograph separation. ... ......... ... ..ottt e e 31

Effects of Brookville Lake on downstream flows. ... ..... ... ... ... i iiinnenn... 33
Surface-water qUAlity. .. ... ... ot 35
Surface-water quality data.............. . i e 35

SEECAIIIS . . ottt e e 36

RESEIVOILS . . .t 37

Ground-water hydrology . ... ... ... i e 39
Ground-water data. . ... ... ...t 39
Piezometric Surface. ... ... ... ... e 39

Whitewater River Basin Aquifer Systems. ... .. ... ... . .. . i 39



Wayne-Henry Aquifer System. .. ....... .. i 4]

Fayette-Union Aquifer System............ ... i e 42

Dearborn Aquifer System. ........... ... . 43

Whitewater Valley Aquifer System. .. ..........o i 43

Ordovician Bedrock Aquifer System.............c.. i 44

Silurian Bedrock Aquifer System.......... ... . . e 44

Ground-water quality. ... ... ... . e 44

Factors affecting ground-water chemistry........... ... ... oot 48

Basin @sseSSIMENLt. . . ... ... 48

Ground-water contamination. . .. ... ... .......euitt et e 55

WATER USE AND PROJECTIONS . . . . o e e e e i 57

EXIStINE WaET USE. . ..ottt sttt et et et et e et e e e e e e e e e 57

Registered USe CateGOIIES . . . .« ittt ettt et e e e 61

NOD-TE@IStEred USES. . . ..ottt ettt e et e e e e e e e 63

Water USE PrOJECLIONS. . .. i\ttt ettt e et e e et e et e e e e 65

Registered USe CateGOrieSs . . . .« .. ittt ittt et e et e e 65

NOD-TEGISIEIEd USES. . . o\ vttt ettt et et e et e e e e e 66

AVAILABLE WATER SUPPLY AND FUTURE DEVELOPMENT. ..., 69

Surface-water availability. . ... ... .. e 69

Significant surface-water SIteS. ... .. ... .. .. i 69

Safe yield. ... ... e 70

ReESEIVOITS . . . o e 70

ST EAINS .« o ottt 78

Wastewater treatment facilities. . ............ .. . 78

Ground-water availability. . ... ... e 78

Transmissivity valtues. . . ... .o . i e 80

Recharge . ... &3

Development potential. . ... ... ... .. .. e 83

SUMMARY

Population and €COMOMY . .. ... ... .. e et e e 87

Topography and geology . .. ... oo e e 87

Surface-water Rydrology . ... ...t e 87

Ground-water hydrology . .. ... ..ot e e 88

Water use and Projections. . . ... ... ...ttt e 89

Water availability and development. . .. ... .. .. e e 90

REFERENCES . .. o e e e e e e e e 91
APPENDICES



Plate

Figures

N =

1-2

3-4

7-14

15-23

24
25
26
27
28-29

30-32

33-34

35-36

37

ILLUSTRATIONS

Page

Bedrock topography............ ... i In Pocket
Composite piezometric surface map for unconsolidated aquifers............. In Pocket
Unconsolidated and bedrock aquifer systems............................. In Pocket
Maps showing:

1 Indiana water management basins. . .............c.. i 2
2 Whitewater River Basin in Indiana. ............ ... ... .. .. o i 3
Graphs showing:

3 Historic and projected changes in county population........................... 5
4 Historic changes in city population. ............ ... .. oo, 5
Map showing land use...... ... ... 9
Chart showing generalized geologic timescale............... ... ... .. ivven.... 11
Maps showing:

7 Extent of major ice lobes during Wisconsinan time in Indiana................. 12

8 Drift thickness. . ... i i e 12

9 Physiographic regions in Indiana............ ... ... ... . o i 13
10 Surficial gEOlOgY . . . .« v it e 15
11 Glacial MOTaINeS. . . .. oottt e e e e e 16
12 Regional geologic Structure. .............oouiiiniiinie i, 17
13 Bedrock geology . ... ..ot e 18
14 Location of hydrologic data collection stations. .............................. 21
Graphs showing:

15 Typical operation schedule for Brookville Lake.............................. 27
16 Low-flow frequency curves, Whitewater River near Alpine.................... 28
17 Flow duration curves for selected stream gages in Indiana..................... 30
18 Flow duration curves for major stream gages in the Whitewater River Basin..... 30
19 Water-level hydrographs and total daily precipitation near Brookville............ 32
20 Flow duration curves for Whitewater River at Brookville showing the effects of
Brookville Lake. ... ... . e 34
21 Comparison of major chemical constituents at selected stream quality stations. ...36
22 Depth profiles of selected physical parameters at Brookville Lake near dam. ... .. 38
23 Monthly water levels in observation wells Wayne-6 and Franklin-5............. 40
Map showing ground-water quality sampling locations........................... 45
Graph showing statistical summary for selected ground-water quality constituents. .. .49
Map showing generalized areal distribution of alkalinity and iron concentrations. . ... 51
Graph showing percent of ground-water samples exceeding selected concentration
LIMItS . .o e 53

Maps showing:
28 Generalized areal distribution of total dissolved solids and nitrate concentrations. .54

29 Location of registered water withdrawal facilities. ........................... 59
Graphs showing:

30 Comparison of 1986 water use with registered capability...................... 57
31 Total water USe DY SOUICE. .. .. ..ottt i et en e 58

32 Public water supply use by selected municipalities
Maps showing:

33 Surface-water availability. ... ..... ... . 71
34 Depth contours of Middle Fork Reservoir

.................................. 75
Graphs showing:
35 Draft-storage curves for significant sites. .. .......... ... ... ... o il 74
36 Non-dimensional draft-storage curves.............. ... ... .. ... . .. 77

Map showing transmissivity values......... ... .. ... .. ... .. . . i i 81



Table

O 0 ~1 N A W N

[ T N T NG N N T N S e e T T N

TABLES

Page
Indiana counties within the Whitewater River Basin.............................. 3
Selected data from 1982 Census of Agriculture. ... ..............c.cooiiinno. ... 6
Types of unconsolidated surficial materials. ................................... 15
Characteristics of exposed stratigraphic units. .................................. 17
Climatic stations in and near the Whitewater River Basin........................ 20
Monthly and annual precipitation at selected probability levels.................... 23
Normal monthly and annual precipitation. ..................................... 23
Stream gaging stations and selected stream-flow characteristics................... 25
Storage and area of Brookville Lake.................. . . ...t 26
Ground-water contribution to stream flow based on hydrograph separation.......... 33
Summary of unconsolidated and bedrock aquifer systems........................ 41
Significance of selected water quality constituents.............................. 47
Total water use by Category. ...t 57
Total water withdrawal capability and use for all categories combined............. 58
Types of public water supply utilities. . ....... ... ..o 61
Water withdrawal capability and reported use for public supply................... 62
Water withdrawal capability and reported use for industry and irrigation........... 63
Estimated 1985 domestic self-supplied water use............................... 64
Estimated livestock water use by livestock category.................c.oouinnn. .. 64
Public water supply projections. .. ...............viiiiureeee 65
Industrial water USe Projections. .. ...............uuuurieiiiina... 66
Industrial water use projections by industry type.............cooviiiiiiiian... 66
Industrial water use projections for Richmond.................................. 66
Domestic self-supplied water use projections. ..................c.c.ooiiiiiinn... 67
Projected supply and demand for recreational instream uses...................... 68
Mean monthly runoff volumes for Whitewater River at Brookville................ 69
Draft-storage values for Middle Fork Reservoir........................ccovon. 73
Draft-storage values for West Fork of the East Fork Whitewater River............. 74
Draft-storage values for Salt Creek............ ... ... .. ... 77
Surface-water availability based on stream-flow characteristics.................... 79
Stream-flow characteristics at wastewater treatment facilities..................... 80

Estimates of aquifer system recharge............. ... .. ... i, 84



Appendix

0 3 AN Lt AW N~

10

11

12
13

APPENDICES

Page
GlOSSaTY .« o it e 99
Historic and projected county population................coiiiiiieiiiiinnean.. 104
General SOIl MAP. .. ... .ottt e 105
Discussion of exposed stratigraphic units............. ... ... ... ... oL 108
Characteristics of subsurface stratigraphic units............................. ... 109
Example of hydrograph separation for East Fork Whitewater River at Abington....110
Maximum contaminant levels for selected inorganic chemicals................... 113
Summary of selected stream quality constituents collected by the Indiana Department of
Environmental Management, 1976-85... ... ... ... ... ... i 114
Concentrations of common stream quality constituents and selected metals collected by
the U.S. Geological Survey, 1974-81 .. ... .. ... i it 115
Summary of selected stream quality constituents collected by the U.S. Army Corps of
Engineers, 1072-86. .. ... . . i e 116

Concentrations of selected water quality constituents collected by the U.S. Army Corps
of Engineers at Brookville Lake, 1974-86........ ... .. ... ... i, 118

Results of chemical analysis from selected water wells

Discussion of reservoir yield dependability.............. ... ... . ... .. ... ... 126



ACRONYMS AND ABBREVIATIONS USED IN TEXT

IDNR Indiana Department of Natural Resources

IDEM Indiana Department of Environmental Management

NOAA National Oceanic and Atmospheric Administration

NWS National Weather Service

NASQUAN National Stream Quality Accounting Network

USEPA U.S. Environmental Protection Agency

USCE U.S. Army Corps of Engineers

USGS U.S. Geological Survey

app. appendix

fig. figure

pl. plate

cfs cubic feet per second

°F degrees Fahrenheit

m.s.l. mean sea level

gpd gallons per day

gpm gallons per minute

mg million gallons

mgd million gallons per day

mg/1 milligrams per liter

ml milliliters

$q. mi. square miles

SELECTED CONVERSION FACTORS

Mulitply 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

Gallons per minute 0.002228 Cubic feet per second

Gallons per minute

0.0014 Million gallons per day




WATER RESOURCE AVAILABILITY
IN THE WHITEWATER RIVER BASIN, INDIANA

INTRODUCTION

The Water Resource Management Act (I.C.
13-2-6.1) was signed into law on April 7, 1983 by
Governor Robert D. Orr. Under Section 3 of the act,
the Natural Resources Commission must (1) conduct
a continuing assessment of water resource availability,
(2) conduct and maintain an inventory of significant
withdrawals of ground and surface water, and (3) plan
for the development and conservation of the water
resource for beneficial uses.  Section 5 further man-
dates the statewide investigation of (1) low stream-flow
characteristics, (2) water use projections, (3) the
capabilities of streams and aquifers to support various
uses, and (4) the potential for alternative water supply
development. These and other directives reflect a com-
prehensive approach to water resource management
and establish a legislative foundation upon which
management programs can be further developed.

To help meet mandated responsibilities, the Com-
mission has divided Indiana into 12 water management
basins (fig. 1). As the Commission’s technical staff,
the Indiana Department of Natural Resources, Divi-
sion of Water will characterize the availability of water
on and below the land surface through a series of basin-
wide investigations.

STUDY AREA

The Whitewater River Basin, which lies within the
Miami River Basin of the Ohio River drainage system,
drains 1329 sq. mi. (square miles) in southeast Indiana
and 145 sqg. mi. in southwest Ohio (fig. 2). Headwaters
of the Whitewater River and its east fork are located
in extreme southern Randolph County, Indiana and
southwest Darke County, Ohio. The two rivers flow
south and slightly west through Indiana’s Wayne,
Fayette, and Union Counties (fig. 2). In Franklin
County, the Whitewater River bends southeast to join
the east fork near Brookville, then exits Indiana in
Dearborn County. About two miles into Ohio, the
Whitewater River joins the southwest-flowing Great
Miami River, which empties into the Ohio River at the
intersection of the Indiana, Ohio, and Kentucky state
lines.

The Whitewater River Basin drains an area
characterized by rolling farmland and adequate to abun-

dant water resources in the north, and hilly to rugged
forested topography and less abundant water supplies
in the south. The basin also contains Brookville Lake,
Indiana’s second deepest and third largest manmade
IeServoir.

Surface-water and ground-water supplies in the
Whitewater River Basin serve a diversity of human
needs, ranging from non-withdrawal uses such as in-
stream recreation to large water withdrawals for public
supply and industrial manufacturing. Demands on the
water resource are expected to increase as both the
economy and population continue to diversify.

PURPOSE AND SCOPE

This report describes the availability, distribution,
quality, and use of surface and ground water in the
Whitewater River Basin, Indiana (fig. 2). The second
in a series of 12 regional investigations, the report is
intended to provide background hydrologic informa-
tion for water resources decision-making. Industrial,
agricultural, commercial, recreational, governmental,
and other public interests can utilize the summarized
data in developing and managing the basin’s water
resource.

Because the report is written for a wide spectrum
of readers, key technical words within the text are
italicized the first time they appear, and where ap-
propriate thereafter. Brief definitions are given in the
glossary (app. 1).

Although some detailed data are included in technical
appendices, this report is not intended for evaluating
site-specific water resource development projects. Per-
sons involved in such projects should contact the Divi-
sion of Water for further information.

The Whitewater River Basin includes parts of two
states (fig. 2), but all discussions in this report refer
only to the Indiana portion. Unless otherwise indicated,
discussions address only the areas of Indiana counties
lying within the basin boundary (see table 1).

Much of the information presented has been sum-
marized from data and maps obtained from state and
federal agencies, from various technical reports, and
from departmental communications. Some new
ground-water quality data were collected during the
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investigation, and other hydrologic data have been
compiled, analyzed, and interpreted.

PREVIOUS INVESTIGATIONS

To date, no comprehensive hydrologic studies of the
Whitewater River Basin have been published.
However, a work plan for structural engineering im-
provements in the East Fork Whitewater River Basin
discusses proposed measures for watershed protection,
flood prevention, recreation, and water management
(State of Indiana and State of Ohio, 1971).

Four journal articles by Gooding (1963, 1966, 1973,
and 1975) were particularly useful in describing the
geology of the Whitewater Basin. A series of un-
published geologic quadrangie maps of southeast In-
diana by Gooding, in addition to various reports by
his co-workers and students at Earlham College, ad-
dress both geologic and hydrogeologic characteristics
of various areas within the basin. A report by Bruns
(1976) summarizes the geology of Wayne County.

Maps by the Indiana Geological Survey (Burger and
others, 1971; Gray, 1983; Gray and others, 1972,
1987) summarize surficial and bedrock geology. Malott
(1922) provides a comprehensive treatment of regional
physiography. Gruver (1984) characterizes outwash
deposits along the Whitewater River.

Table 1. Indiana counties within the
Whitewater River Basin

Total In-basin | Percent of

area area |total basin
County (sg mi) (sgq mi) area
Dearborn 307 42 3.16
Decatur 373 33 2.48
Fayette 215 197 14.82
Franklin 385 365 27.47
Henry 395 43 3.24
Randolph 454 84 : 6.32
Ripley 447 21 1.58
Rush 408 14 1.05
Union 163 128 9.63
Wayne 404 402 30.25
Total 3551 1329 100
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in Indiana



A report by the Governor’s Water Resource Study
Commission (1980) assesses various aspects of water
availability and use for 18 planning and development
regions in Indiana. Most of the Whitewater Basin lies
within two of these regions. A series of land use and
planning maps for Fayette County (Smith, 1977) and
Wayne County (Wayne County Resource Inventory
Council, Inc., 1976) includes maps of bedrock and un-
consolidated deposits, depth to bedrock, bedrock
topography, and ground-water availability. Two atlases
by Uhl (1969, 1973) outline the geography, popula-
tion, climate, geology, ground-water and surface-water
quality, ground-water availability, and water usage for
Randolph and Henry Counties. Soil survey reports pro-
vide background information on the economy, land
use, and water resources of Fayette and Union Coun-
ties (Alfred and others, 1960), Rush County (Brock,
1986), Decatur County (Shively, 1983), and Dearborn
County (Nickell, 1981).

Sources utilized in the Whitewater study and those
of potential use are listed in the *‘Selected References.’’
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POPULATION AND
ECONOMIC FRAMEWORK

POPULATION

In 1980, the estimated population of the Whitewater
River Basin (145,542) comprised 2.7 percent of In-
diana’s total population (5,490,224). About 52 percent
of the basin’s population resided in Wayne County,
and 31 percent resided in Fayette and Franklin Coun-
ties. Fig. 3 shows historic and projected changes in
the basin population of these three counties, as well
as of the less populous Union County. About 82 per-
cent of the basin’s land area in Indiana is occupied by
these four counties (table 1).

Forty percent of the basin residents in 1980 lived
within the corporate boundaries of Richmond (popula-
tion: 41,349) in Wayne County and Connersville
{(population: 17,023) in Fayette County. The declines
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Figure 3. Historic and projected changes
in county population

(Projections derived from data of the Indiana
State Board of Health, 1983)

in city population since the 1960 census are evident
in fig. 4.

App. 2 lists population estimates for county areas
within the basin as well as census totals for entire coun-
ties. The appendix also lists in-basin population pro-
Jjections derived from county projections published by
the Indiana State Board of Health (1983).

According to data of the Indiana State Board of
Health, the population of Wayne County is expected
to continue its decline for the next several decades as
Richmond’s population continues to decrease. In
Franklin and Union Counties, population totals are ex-
pected to increase through at least the year 2000, but
at different rates. The population of Fayette County
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is also expected to increase; however, provisional
population estimates by the U.S. Census Bureau show
a 2.8 percent decrease from 1980-86. In the other six
counties listed in table 1, significant differences in pro-
jected and estimated countywide population appear to
reflect changes in the population of cities lying out-
side the basin boundary.

ECONOMY!

Manufacturing, wholesale-retail trade, services, and
government constitute the four largest non-farm
employment classes in the Whitewater River Basin. In
1983, these four classes accounted for three-fourths
of the total basin earnings.

Manufacturing employed 52 percent of Fayette
County’s non-farm working force in 1982 and ac-
counted for 69 percent of the county’s total earnings
in 1983. In Wayne County, manufacturing employed
33 percent of the non-farm working force and ac-
counted for 44 percent of the total earnings.
Machinery, fabricated metal, and printing-publishing
comprised the largest numbers of industries in these
two counties. Farm employment exceeded non-farm

1 Economic data, taken from Marcus (1985}, are for entire counties, rather than just the
portions lying within the Whitewater Basin. Only data for Wayne, Fayette, Union, and
Franklin Counties are considered in the discussions of economy and land use.

Table 2.

employment in Franklin and Union Counties.

Manufacturing, government, and wholesale-retail
trade acounted for 72 percent of Franklin County’s total
earnings; farming accounted for 4 percent. Farm earn-
ings in Union County accounted for 20 percent of the
total earnings, compared with 23 percent from govern-
ment and 21 percent from wholesale-retail trade. Farm
earnings in Fayette and Wayne Counties constituted
less than one percent of the total county earnings,
primarily due to the large amount of income from
manufacturing.

Between 1972 and 1982, manufacturing decreased
in all four counties, and particularly in Union
County. However, at least 40 percent increases in non-
farm wage and salary employment during this period
have been observed within the following categories:
mineral production and agricultural services-fisheries-
forestry in Wayne County; finance-related, wholesale
trade, and transportation-communication-public
utilities in Franklin County; wholesale-retail trade in
Union County; and finance-insurance-real estate in
Fayette County.

Estimated per capita income in 1981 was highest for
Wayne County ($7686) and Fayette County ($7162),
and lowest for Franklin County ($6934) and Union
County ($6866). Per capita income for these four coun-
ties averaged 85 percent of the statewide average.
Unemployment in the four-county area averaged nearly
12 percent in 1984.

Selected data from 1982 Census of Agriculture

Total area:  refers to entire county, hence includes areas lying outside of the Whitewater Basin boundary; acreages from
1982 Census of Agriculture.

Land in farms, total cropland, total pastureland and total woodland:  upper figures - 1982 data; lower figures - 1978 data.

Total area Land in farms Total cropland [Total pastureland' | Total woodland
County Sq mi | Acres | Acres | Percent | Acres | Percent | Acres | Percent | Acres | Percent
Fayette 215 137,875 110,426  80.1 80,950 58.7 21,666 157 16,164 11.7
109,378 79.3 81,409 59.0 22,074 16.0 16,340 11.9
Franklin 385 246,528 169,981 68.9 106,388 43.2 47,914 19.4 38,200 155
158,030 68.2 104,255 423 52,442 21.3 35,570 14.4
Union 163 103,993 87,721 84.4 70,356 67.7 11,609 11.2 10,714 10.3
86,718 83.4 69,063 66.4 13,791 133 10,570 10.2
Wayne 404 258,508 200,759 77.7 161,489 625 29,039 11.2 19,762 7.6
204,527 791 162,817  63.0 35,837 13.9 22,676 8.8

'Includes cropland and woodland pastured.



LAND USE

The Whitewater River Basin constitutes 3.7 percent
of Indiana’s total land area. Cropland, pasture, and
forest land are the major land uses in the basin (fig.
5). Table 2 shows selected data for these land use
categories as reported in the 1982 Census of
Agriculture (U.S. Bureau of Census, 1984a).

About three-fourths of the basin’s land area is in
farms (table 2). The average size of farms in the basin
ranged from 163 acres in Franklin County to 259 acres
in Union County (U.S. Bureau of Census, 1984a).
Corn for grain, soybeans, and winter wheat were the
major crops grown in the four-county area in 1983.
Hogs, poultry, and beef cattle were the main livestock

raised.

Cropland covers about two-thirds of the land area
of Union and Wayne Counties (table 2). In these coun-
ties, forest land generally occurs as small parcels scat-
tered among cropland (fig. 5). However, forested areas
are more extensive in southern Fayette and western
Franklin Counties, where silty, erosive soils and more
rugged topography decrease the availability of prime
cropland.

Residential and commercial development is most ex-
tensive in and near the cities of Richmond and Con-
nersville (fig. 5). Brookville Lake, which covers 5,260
acres at summer pool elevation, is the largest body of
water in the basin. The lake extends from west-central
Union County to central Franklin County (fig. 5).
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GEOLOGIC FRAMEWORK

Geology, topography, and soils are major factors in
determining the portion of precipitation which runs off
the land to become surface water, as opposed to the
portion which infiltrates into the soil and percolates
through underlying materials to become ground water.

A generalized geologic timescale (fig. 6) illustrates
the relationships of geologic periods and the rock types
in Indiana associated with each period. During the
Pleistocene Epoch (Ice Age), glacial lobes repeatedly
entered Indiana. The glaciers entered the state from
at least two directions: from the northeast out of the
Lake Erie and Saginaw Bay Basins, and from the north-
west out of the Lake Michigan Basin (fig. 7). In
general, advancing glaciers scoured the land surface,
while retreating glaciers left behind large deposits of
drift. Erosion has subsequently modified the glacial
deposits to produce existing landforms.

Glacial drift covers most of the Whitewater River
Basin except for the southeastern portion. A complex
series of glacial sediments has been deposited during
repeated ice advances during both the older glacial
periods and the most recent period, the Wisconsinan.
(See fig. 7 for the approximate southernmost boun-
daries of the Wisconsinan and pre-Wisconsinan
glaciations.)

The Wisconsinan glacial boundary, trending roughly
northwest-southeast through Franklin and southwest
Fayette Counties, divides the basin into two distinct
portions (fig. 8). North of this glacial boundary, the
bedrock is covered with variable but often thick layers
of lacustrine clays, sands and gravels, and tills. The
thickness of unconsolidated material is commonly 100
feet or more along the northern basin boundary.

Bedrock exposures north of the Wisconsinan boun-
dary are rare, but in some areas of high bedrock,
glacial meltwater and the larger post-glacial streams
have cut their channels through the unconsolidated
glacial materials and into bedrock. This is the case with
the East Fork Whitewater River and its major
tributaries. Bedrock exposures can be found as far
north as the Richmond vicinity.

South of the Wisconsinan glacial boundary, thin
layers of residuum and pre-Wisconsinan till overlie the
bedrock surface. Bedrock exposures are common along
valley walls. Depth to bedrock south of the Wiscon-
sinan glacial boundary ranges from 5 to about 120 feet,
as based on well drilling records. The thickest uncon-
solidated deposits are alluvial materials present in and
along the Whitewater River valley.
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< PERIODS LENGTH IN ROCK TYPES IN INDIANA
o
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o (gE QIL%'FC‘)%‘:ET\IYE ﬁ | :;:,’ia; :‘r; !;:;;‘I’I, gravel, sand, silt (including loess), ciay,
= EPOCH) (Till and gravel contain boulders of many kinds of
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8 Chent, 1l
erty gravels y
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o
o CRETACEOQUS 70 MILLION
S JURASSIC 35 MILLION
& TRIASSIC 30 MILLION No deposils in Indiana
=

PERMIAN 25 MILLION

PALEOZOIC

20 MILLION | Shae i it shale), sand-

PENNSYLVANIAN slone, coal, clay limestone, and conglomerate

1,500 it.

Upper Part: ing beds of shale, and
limestone

500 ft.

MISSISSIPPIAN Middte Part: limestone, dofomite; beds of chart and
20 MILLION gypsum
300 fi.
Lower Part: shale, mudstone, sandstone; and some
limestone
600 1t.
: carbonaceous shale
DEVONIAN Upper Part: carbon. 100 1.
60 MILLION | Lower Part: /i ite; atew beds
40-80 ft.
SILURIAN 40 MILLION
Dolomite, limestone, chert, siltstone, and shate
100-300 ft.
hale, li tope and dolomite
@ Shale, timeston i 700 f1.
ORDOVICIAN —
70 MILLION Limestone, dolomite,
and sandstone
—
CAMBRIAN 80 MILLION Sandstone and dolomite

Not exposed at the

surface in Indiana
Granite, marble, gneiss,
3 BILLION and other igneous and
metamorphic rock types

PRECAMBRIAN

Figure 6. Generalized geologic timescale
(From Wayne, 1958b)

TOPOGRAPHY AND SOILS

The Whitewater River Basin includes two contrasting
physiographic regions. The northern third lies within
the Tipton Till Plain, and the southern two-thirds is
in the Dearborn Upland (fig. 9). The Tipton Till Plain
has nearly flat to gently rolling topography char-
acterized by slightly modified ground moraine and

11
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Figure 7. Extent of major ice lobes dur-

ing Wisconsinan time in Indiana
(Modified from Wayne, 1965)

poorly developed end moraines formed by glaciation
during Wisconsinan time. Wide stream valleys con-
taining valley-train deposits of outwash are common.

The boundary between the Tipton Till Plain and the
Dearborn Upland is gradational. As the drift thins near
the Tipton Till Plain’s southern margin, bedrock
features become more apparent. The boundary place-
ment shown on fig. 9 is within the transitional zone.

The rugged Dearborn Upland is dominated by
slopes. Relatively little bottom land is present along
the streams, and much of the upland surface has been
dissected. The higher elevations are covered by glacial
drift, which is much thinner south of the margin of
Wisconsinan deposition (fig. 8), where only pre-
Wisconsinan glacial deposits are present. Even these
pre-Wisconsinan deposits are absent from the extreme
southeastern part of the Whitewater Basin where
bedrock is covered with thin residuum.

Evolution of Whitewater drainage patterns on the
Tipton Till Plain is almost exclusively a post-glacial
event, and bedrock topography has had little effect on
drainage development. In contrast, drainage patterns

A
\- HUNJON C
VT -
A
INA

~

[}
————  Wisconsinan glacial boundary \ i

— 200 — Line of equal drift thickness,
interval 500 feet
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== =

Figure 8. Drift thickness
(Modified from Gray, 1983)

in the southern part of the basin were less obviously
rearranged by glaciation, and most of the dissection
of bedrock predates the latest (Wisconsinan) glaciation
in the basin.

Surface elevations often exceed 1,200 feet m.s.l.
(mean sea level) in southeast Randolph and northeast
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Wayne Counties along the crest of the Knightstown
Moraine (see fig. 11). The highest elevation in Indiana
(approximately 1260 feet m.s.1.) is found within the
Whitewater Basin in extreme northeastern Wayne
County. The lowest elevation in the basin, which oc-
curs where the Whitewater River leaves Indiana, is ap-
proximately 500 feet m.s.l. Maximum local relief oc-
curs in southeast Franklin County, where bedrock
ridges can rise more than 400 feet above the
Whitewater River.

Soils in the Whitewater River Basin are closely
related to geologic parent materials and topographic
characteristics. Loamy, silty, and clayey soils are com-
mon in the northern two-thirds of the basin, according
to maps by the Soil Conservation Service (1971, 1982).
In these northern areas, soil parent materials consist
of thin to moderately thick loess over loamy Wiscon-
sinan glacial till. Representative soil associations in-
clude the Miami, Crosby, and Brookston in northern
areas of the basin, and the Miami, Russell, Ragsdale,
and Fincastle in central regions (app. 3).

Wisconsinan outwash and alluvial deposits con-
stituting stream terraces and floodplains typically
undergo weathering to form loamy, well-drained soils.
Representative soil associations nearest the basin’s ma-
jor streams include the Fox, Ockley, Genesee, and Eel
(app. 3).

Silty soils with fragipans occupy the rolling upland
areas in the southwest part of the basin, primarily in
western Franklin County. Soil parent materials con-
sist of loess of variable thickness over weathered pre-
Wisconsinan glacial till. Representative soil associa-
tions include the Cincinnati and Rossmoyne (app. 3).

Along valley sides of the Whitewater River and its
major tributaries in Franklin County, shallow, stony,
or clayey soils predominate. Parent materials are
discontinuous loess over weathered Ordovician
limestone and shale. Representative soil associations
include the Fairmount, Eden, and Switzerland (app. 3).

SURFICIAL GEOLOGY

Four terrains, characterized by variations in surficial
materials and the nature of potential aquifers, can be
recognized in the Whitewater Basin (fig. 10; table 3).
These include: (1) bedrock covered by a generally thin
veneer of residuum and/or colluvium; (2) dissected pre-
Wisconsinan tills; (3) Wisconsinan tills; and (4) valley-
train deposits.

The far southeastern part of the basin consists of Or-
dovician bedrock covered by residual soils, colluvial

debris, and loess (terrain 1; fig. 10). Thickness of this
cover is variable, but in only a few places does it ex-
ceed 10 feet. The cover consists mainly of oxidized
clay-rich soils that Jocally contain weathered fragments
of the underlying parent rock. Sand and gravel deposits
that have significant potential as aquifers are not pre-
sent within this material. Areas of residual soils occur
mainly in Dearborn County near the mouth of the
Whitewater River, but small areas also occur along the
margins of the valleys of the Whitewater River and its
tributaries in Franklin, Union, and Wayne Counties.

The southwestern part of Franklin County is
underlain by loess-covered tills of pre-Wisconsinan age
(terrain 2; fig. 10). At least four till units, separated
by stratified sediments, organic silts, or paleosols have
been identified in northern Franklin County (Gooding,
1963, 1966). These deposits have traditionally been
considered to be Illinoian in age, but recent work in
Decatur County (N. K. Bleuer, unpubl.) suggests that
the drifts are significantly older. The loess, of Wiscon-
sinan age and older, overlies a paleosol developed on
loamy to pebbly silts.

The unconsolidated deposits in terrain 2 normally
do not exceed 50 feet in thickness, and form a gently
rolling land surface except where dissected by stream
valleys of the Whitewater system. Beds of sand and
gravel, normally less than 5 feet thick, occur within
the glacial material. The lateral extent and degree of
interconnection of these beds are unknown at this time.
Because the sands and gravels are thin, their potential
as aquifers is limited.

Most of the northern two-thirds of the basin is
covered by tills of Wisconsinan age (terrain 3; fig. 10)
that overlie older till units. The southern boundary of
Wisconsinan deposits extends through Decatur,
Fayette, and Franklin Counties (fig. 10). The boun-
dary has a V-shaped configuration, opening to the
south, that may reflect the juncture of the terminal
moraines of the East White Sublobe moving from the
west and the Miami Sublobe moving from the east (fig.
7.

The Wisconsinan margin on the west side of the
basin is marked by the massive Shelbyville Moraine
(fig. 11) rising as much as 70 feet above the older,
more level plain to the south. The Wisconsinan margin
is discontinuous and less conspicuous on the east side
of the basin where it is cut by tributaries of the
Whitewater River. The surface of the Shelbyville
Moraine is mildly hummocky and marked by numerous
closed depressions.

The Knightstown Moraine (fig. 11) forms the
drainage divide between the Whitewater River Basin
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Figure 10. Surficial geology
(Modified from Wayne, 1958a)

Table 3. Types of unconsolidated surficial materials
Map Dominant Accessory Nature of
region’ Name material materials aquifers
1 Residuum/colluvium Oxidized loam —_— Minimal
to clay
2 Pre-Wisconsinan Oxidized pebbly Sand and Thin beds (~1 ft) of
tills loam gravel, silt unknown lateral
(loess) extent
3 Wisconsinan till Pebbly loam Sand and Moderately thick beds
gravel, clay (~10 ft) of unknown
lateral extent
4 Valley train Sand and gravel Pebbly loam, Linear sand bodies
clay commonly in excess

of 10 ft thick

'"Numbered map regions are shown in fig. 10.
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to the south and the White River system to the north.
The moraine is conspicuously bouldery in a manner
similar to the boulder belt derived from the Miami
Sublobe in Ohio.

Several tills of Wisconsinan age have been identified
in the Whitewater River Basin (Gooding, 1963, 1966,
1975). The tills can be distinguished on the basis of
interlayered, stratified sediments, especially organic
silt beds, which apparently were deposited during ice
retreats.

Two late Wisconsinan tills, the Shelbyville and
Fayette Tills, record two glacial advances to the
Wisconsinan margin at about 21,000 and 20,000 years
before present, respectively. In southeast Fayette and
eastern Franklin County, the Fayette Till overlies a
paleosol that is the subsurface continuation of the soil
developed on the older drifts south of the Wisconsinan
margin. In the northern part of Union County,
however, the Fayette Till is separated from the paleosol
by numerous other till units. These units have been in-
terpreted as early Wisconsinan in age, but this cannot
be proved in the absence of a regional, physically de-
fined stratigraphy.

Some of the till units of terrain 3 may have regional
significance, and laterally extensive aquifers may oc-
cur where tills are separated by sand and gravel beds.
Other tills, however, are probably of local significance
only, and interbedded sands and gravels would be of
limited lateral extent. Of more significance, however,
is the fact that Wisconsinan till units as well as multi-
ple older till units occur together in a complex ver-
tical succession commonly no thicker than 60 feet.

Sand and gravel beds within the Wisconsinan tills
are normally less than 10 feet thick. These beds are
significantly thicker than sand and gravel beds in older
till units, which suggests greater lateral extent and more
potential as aquifers. In addition, because two or more
such beds commonly are stacked within a till sequence,
the total thickness of potential aquifers in a given area
is increased.

The thickest deposits of sand and gravel in the basin
occur as valley-train deposits within the valleys of the
Whitewater River and its tributaries, especially the East
Fork Whitewater River (terrain 4; fig. 10). Valley-train
deposits north of the Wisconsinan terminal moraine
probably originated as intra-ice drainageways and ap-
parently formed during the same period of time as the
surrounding till. These deposits consist of poorly sorted
sand and gravel intercalated with till beds of variable
thickness and lateral extent. The uppermost unit of the

T TN~
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Figure 11. Glacial moraines
(Modified from Wayne, 1965)

deposits within the valleys most commonly is a till bed
that may be as much as 15 feet thick near the margins
of the valleys and in their upper reaches.

Valley-train deposits south of the Wisconsinan ter-
minal moraine are finer grained and better sorted, and
occur in more consistent vertical sequences than those
to the north. Sand and gravel units are much thicker,
and they contain no till beds. Although lacustrine silts
and clays occur in these deposits, the degree to which
they affect aquifer properties is not known.

BEDROCK GEOLOGY

The Whitewater River Basin sits along the crest of
the Cincinnati Arch, a major geologic structure in the
Midwest (fig. 12). Hence, younger rocks at the
bedrock surface occur along the margins of the
Whitewater Basin and older rocks occur in the center.
Rocks at the basin margin to the west, north, and north-
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east are of Silurian age (fig. 13). The large central area
of the basin is underlain by Ordovician rocks, the oldest
of which are limited to a small downstream area of the
basin (fig. 13). Table 4 summarizes the characteristics
of exposed Silurian and Ordovician rock units, while
app- 4 describes the units in more detail.

Still older Ordovician and Cambrian rocks are pre-
sent in the subsurface above the basement complex of
igneous and metamorphic rocks. A brief description
of these rocks is included in app. 5, but the likelihood
of successfully developing water wells in them is con-
sidered small.

The highest bedrock elevation in the Whitewater
River Basin exceeds 1050 feet m.s.1. and occurs in the
northeast portion of the basin near the Wayne-
Randolph county line (pl. 1). Despite its elevation, this
bedrock high is buried by more than 100 feet of glacial
deposits. The lowest elevation of the bedrock surface
as based on drilling records is approximately 440 feet
m.s.l. and occurs in Dearborn County where the
Whitewater River valley leaves Indiana (pl. 1).

Figure 12. Regional geologic structure

Table 4. Characteristics of exposed stratigraphic units

Thickness
Unit (feet) Description

QE, Salamonie Dolomite 40 Gray and tan cherty limestone,

‘i argillaceous in lower part to south

0)

< Brassfield Limestone 0-18 Yellowish-brown, salmon or gray,

E medium- to coarse-grained

= fossiliferous limestone

Whitewater Formation 90 Upper part - argillaceous fossiliferous

limestone interbedded with calcareous

£l a shale;

213 Saluda Dolomite Member (lower part) -

2 15 varicolored fine-grained dolomite that

ﬁ © includes a thin coralline zone

] [}

g § Dillsboro Formation 300 Thin-bedded fossiliferous limestone

5|5 alternating with calcareous shale

5 | =

o Kope Formation 250 - 550 Bluish- to brownish-gray shale in-
cluding about 5 percent discontinuous
beds of fossiliferous limestone
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Perhaps the most interesting feature of the bedrock
surface is the large buried valley in western Wayne
County and eastern Henry County. This valley, now
filled with 200-300 feet of glacial sediment, appears
to have been the major pre-glacial drainageway in the
northern basin area. Originally carrying a northwest-
flowing stream, the valley was blocked by ice and filled
with glacial drift. After glacial retreat, the modern
south-flowing drainage was established on this deposi-
tional surface.

Most wells in the northern parts of the basin are com-

| WAYNE CO
=

pleted in the glacial materials overlying the bedrock
surface. Depth to bedrock data is therefore sparse and
the bedrock surface cannot be depicted in detail as it
is in southern areas of the basin. The lack of bedrock
data is especially acute in areas of the deeply buried
valley because most wells encounter water-bearing
zones above bedrock. Therefore, the buried valley is
defined largely on the basis of seismic data provided
by the Indiana Geological Survey rather than on well
data. Deep drilling would help define this and other
buried valleys in northern parts of the basin.

SILURIAN ROCKS

D WHITEWATER FORMATION

——D—— TOP OF DILLSBORO FM.

§\\: DILLSBORO FORMATION

——K—— TOP OF KOPE FORMATION

KOPE FORMATION
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Figure 13. Bedrock geology
(Modified from Gray and others, 1987)
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CLIMATE

The climate of east-central Indiana, classified as
temperate continental, is characterized by warm, oc-
casionally hot summers, cold winters, and considerable
daily variations in temperature.

East-central Indiana frequently encounters cyclonic
disturbances generated by the interactions of northeast-
moving tropical and south-moving arctic air masses.
Locally heavy amounts of rain or snow associated with
the eastward passage of low pressure centers are often
recorded, although basinwide, precipitation is fairly
evenly distributed throughout the year.

Spring is generally mild and rather wet, and is often
characterized by periods of prolonged rainfall over
large areas. Summers have some extended periods of
hot and sultry weather alternating with more pleasant
conditions. Summer rainfall often occurs as local
thunderstorms of short duration. Autumn is relatively
dry and mild, and winter is characterized by short
periods of freezing weather alternating with several
days of milder temperatures.

Other climatic characteristics of the Whitewater
Basin include moderate to high humidities, light to
moderate winds (typically from the southwest), and a
large proportion of partly cloudy to cloudy days in-
terspersed with clear days. The frost-free growing
season for most crops generally extends from late April
or early May through middle or late October. Severe
local storms generated by daytime convection or by
the passage of cold fronts are most common in spring
and early summer. These storms may produce frequent
lightning, strong winds, and large hail, as well as oc-
casional funnel clouds and tornadoes.

Although parameters such as wind, solar radiation,
relative humidity, and soil temperature constitute an
area’s climate, only air temperature and precipitation
will be summarized here. Temperature defines the
growing season and largely controls the process of
evapotranspiration, which consumes about 70 percent
of the average annual precipitation in east-central In-
diana. Precipitation is the source of fresh water either
on the surface or in the subsurface of the earth. The
amount, distribution, and type of precipitation help to
define a region’s water supply and its hydrologic
regime.

Climatic Data

Climatic data in the Whitewater River Basin are

gathered as part of several statewide networks operated
by federal and state agencies. The most extensive net-
works are operated and maintained by the National
Weather Service (NWS) of the National Oceanic and
Atmospheric Administration (NOAA). Climatic data
are collected at NWS cooperative observer stations
operated by water and wastewater utilities,
municipalities, or private citizens.

Additional precipitation data in the basin are gathered
by about seven amateur radio operators as part of a
statewide volunteer network which aids the NWS river
and flood forecasting program. Other precipitation data
are collected by the U.S. Army Corps of Engineers,
U.S. Geological Survey, and the Indiana Department
of Natural Resources, Division of Water for hydrologic
and hydraulic studies and daily water management
operations.

Table 5 lists climatic stations in and within 10 miles
of the Whitewater River Basin. Locations of stations
lying within the basin boundary are shown in fig. 14.
Amateur radio stations are neither tabulated nor map-
ped, because the statewide network changes frequently.

The majority of temperature and precipitation data
from NWS stations are published by NOAA in monthly
and annual summaries. However, measurements of
temperature, hourly rainfall, pan evaporation, relative
humidity, and soil temperature at the Liberty station
remain unpublished. Temperature and precipitation
data from seven of the NWS stations in table 5 are
periodically published in climatic summaries (National
Oceanic and Atmospheric Administration, 1976,
1982a, 1983, 1985). Data from networks operated by
the Corps of Engineers, U.S. Geological Survey, and
Division of Water are not published but are available
at each office.

The distribution of National Weather Service sta-
tions, the availability of published and unpublished
precipitation data, and the availability of published
climate summaries are sufficient for the Division of
Water’s present and anticipated climatic data needs in
the Whitewater Basin.

Temperature?

Normal annual temperature within the Whitewater
Basin averages 51° F (degrees Fahrenheit) and ranges
from near 50° F in northernmost areas to 52° F in the
far southwest near Greensburg. Normal seasonal
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Table 5. Climatic stations in and near the Whitewater River Basin

Agency: National Weather Service (NWS); U.S. Army Corps of Engineers (USCE); Division of Water (DOW); U.S.
Geological Survey (USGS).

Element: Precipitation (P); Temperature (T); Additional parameters (A) - e.g., evaporation, relative humidity, soil temperature.

Gage: Recording precipitation gage (R) - data automatically recorded at selected intervals; non-recording precipitation
gage (NR) - data manually collected once daily.

Publication:  Precipitation and/or temperature data published monthly and annually by the National Oceanic and Atmospheric
Administration (p); unpublished (up).

Station County Agency Element Gage Publication
Alpine 2NE Fayette NWS P R o]
Batesville Waterworks' Ripley NWS P R p
Brookville Franklin NWS P, T NR p
Brookville Lake (at dam) Franklin USCE P,T R up
Brookville (at mainstem gage) Franklin USGS P R up
Cambridge City Wayne NWS P,T NR p
Franklin 1 Franklin DOW P NR up
Franklin 2 Franklin DOW P NR up
Greensburg’ Decatur NWS PT NR p
Henry 1 Henry DOW P NR up
Lewisviile' Henry NWS P R p
Liberty Union NWS P (T,A) NR (R) p (up)
New Castle! Henry NWS P,T NR p
Richmond Waterworks Wayne NWS P,T R,NR o]
Ripley 17 Ripley DOW P NR up
Rushville Sewage Plant’ Rush NWS P,T NR p
Springersville Fayette USCE P R up
Winchester Airport’ Randolph NWS P,T NR p

TWithin 10 miles of basin boundary.

temperatures average 50° F in spring (March-May),
71° F in summer (June-August), 53° F in autumn
(September-November), and 28° F in winter
(December-February).

January, the coldest month, has an average monthly
temperature of 26° F and an average daily minimum
of 16° F. In contrast, the warmest month of July has
an average temperature of 73% F and an average daily
maximum of 85° F.

Diurnal temperature variations (the difference be-
tween normal daily maximums and minimums) typi-
cally range from about 19° F in winter to 25° F in sum-
mer and fall. Extreme temperature readings recorded

*Temperature and precipitation data discussed here are taken or derived from data found
in several NOAA publications (National Oceanic and Atmospheric Administration, 1976,
1982a, 1982b, 1983, and 1985). Data from Brookville, Cambridge City, and Richmond
Waterworks for the Period 1951-80 were used to obtain the various in-basin averages and
extremes, while nearby station data were used to define temperature and precipitation ranges
from the northernmost to southernmost basin boundary.

for the period 1951-80 range from -28° F (Cambridge
City, 1963) to 104° F (Brookville, 1951).

The growing season for most crops ranges from 165
to 175 days, although the extreme southwestern part
of the basin has a slightly longer season. Vegetative
cover, soils, impervious surfaces, and obstructions to
wind are factors which can influence climatic features,
particularly the length of growing season. However,
these factors typically affect climate only over small
areas.

Precipitation

Normal annual precipitation in the basin averages
about 40 inches and ranges from less than 38 inches
in northernmost areas to more than 40 inches in far
southwestern regions.

Although variations in annual precipitation totals
generally are not extreme, yearly amounts recorded



~ L\ N | I

~ o )&’ + \'F{u_w-/w il
5 @ fl_ e
] u s |

|
p g N\
| —-— /“-‘X ) %
EXPLANATION B ¥ S ~L >
SYMBOL! GAGE TYPE? AGENCY? ( 1— i |r:§r ;2"-, 5’6__/__.:.-.l.._.3*mi-
VY S {
A Continuous-record USGS-IDOW* 5 ) S
—‘— Continuous-record | N h-._ yoe i s
(inactive) USGS-IDOW j ----- 7 D) ” 2
4
v Low-flow partial-record N J"\ i i
(inactive) USGS-ISBH ‘ | . (
& !
\ i
-v- Cr(est—stage) partial-record N—— \ N (\\00
inactive - - 03-2
i 03-2747 Y . j
R i USCE \
@ eservoir stage 03-274900¢
—>=  Reservoir quality USCE _ e
/A NASQUAN Station USGS =
—/k-  NASQUAN station ) TR e
(inactive) USGS : ef - 5
4800 | Sl « ; p
O Stream quality IDEM T . =y nn
E FElvs - e womeen
O~ stream qualy ! (TS £ a/rcil =t ‘Jag,
(inactive) IDEM e T re iR 1 ; J
Stream quality USCE Ll w e . _ [~ g i
e AR _
il Climatic NWS i i ) 4 =, P ! T @ AN b
¥ - 3 03-275576 5=
-  Precipitation IDOW R ; . : o o i kﬁ\ et | \\:"f' !
L S v J (S . o
. Observation well USGS-IDOW — S = | 3.8 = i e n R
~ A . = == : -
@ Obrvaton v = 0 AL Ak S L AT Y siTse607
(inactive) USGS-IDOW = e VLU A N L I < o S | A
= & =T A BESE ‘
1Symbols for stream-flow stations and reservoir station AR = : - ) 1Y :

are followed by an 8-digit downstream-order identifica-
tion number.

INASQUAN - National Stream Quality Accounting Net-
work; at continuous-record gage.

3USGS - U.S. Geological Survey; USCE - U.S. Army

|

L

T
T
Tas

|

)

Corps of Engineers; NWS - National Weather Service;
ISBH - Indiana State Board of Health; IDOH - Indiana
Department of Highways; IDEM - Indiana Department

of Environmental Management; IDOW - Indiana Depart- | i | JE 5
ment of Natural Resources, Division of Water. ‘i - W?m o 'Li
4The U.S. Geological Survey operates the two stream gag- . ) o S = W H
ing stations near Brookville in cooperation with the U.S. e ] A rs‘\ ! : b ¢ I G
Army Corps of Engineers rather than with the Indiana | o ‘f\ L M ; ey l—l
Department of Natural Resources, Division of Water. MR b N \]! ] 7 3-275850 | 1]
03-275000 - i “RT HHoN
N \\;]‘f 8 e —<1 i
Tus
1 L]
275900 | | F ¥
03:275900 | | T

L

— T

- N _‘,_F”:
L '_

'1

A\ L rEsls R
%f '%N\fﬂaﬁ Y

STATE OF INDIANA rs"

DEPARTMENT OF NATURAL RESOQURCES
DIVISION OF WATER

WHITEWATER RIVER BASIN

Compiled by: Cynthia J. Clendenon
Bret A. Robinson
Drafted by: Burton C.Daniels, Supv.
Donald L. Spilmon
Connie K.Williams

SCALE AS SHOWN

] o] 5 10 MILES
(= ——— a————u ]

5 [s] [ 10 KILOMETERS
|

DRAFTED 1987

Figure 14. Location of hydrologic data collection stations



23
Table 6. Monthly and annual precipitation at selected probability levels

{From National Oceanic and Atmospheric Administration, 1985, 1983; all precipitation amounts in inches; values were deter-
mined from the incomplete gamma distribution; dash indicates no published data.}

Station 1:  Richmond Waterworks.

Station 2:  Cambridge City.

Station 3:  Brookville.

Probability
level! Station | Jan Feb Mar Apr | May Jun Jul Aug Sep Oct Nov Dec | Annual
10 1 433 433 574 624 700 751 7.31 6.11 538 458 494 538 46.86
2 438 453 578 7.01 689 749 780 604 534 498 549 553 4784
3 526 469 626 625 753 6.71 726 6.90 529 494 499 558 47.93
.30 1 312 274 399 445 497 513 488 398 329 3.01 3.49 352 —
2 317 281 407 482 499 510 507 407 330 3.08 377 352 —
3 3.46 291 433 439 519 492 551 4.51 330 314 342 356 —
.50 1 243 190 3.01 344 382 3.81 355 284 221 216 267 252 38.37
2 2.48 1.91 3.10  3.61 390 378 360 299 224 209 282 245 3930
3 248 199 325 335 388 3.88 448 322 226 219 255 248 40.22
.70 1 185 126 221 259 287 274 249 194 140 149 199 174 —
2 189 123 231 262 298 271 245 212 144 134 204 163 —
3 1.7 129 237 249 282 3.01 358 220 147 146 184 166 —
.90 1 119 062 133 164 180 160 139 102 064 080 124 093 3098
2 123 058 142 155 194 157 128 120 068 063 120 081 3184
3 092 0.61 1.41 153 166 200 252 117 070 073 1.08 0.83 33.38

'Probability that precipitation will be equal to or greater than the indicated amount.

Table 7. Normal monthily and annual
precipitation, 1951-80
{Data from National Oceanic and Atmospheric Administra- dur.mg very dry and wet years have ranged from about
tion, 1982a; values in inches.} 29 inches to nearly 50 inches. There is a 90 percent
probability, however, that annual precipitation over a
Richmond | Cambridge longhperiod of time will average at. least 3.1 inches in
Month Waterworks City Brookville northern areas of the basin to 33' 1.nc}-1es in southern
areas. Annual and monthly precipitation amounts at
January 2.63 268 285 selected probability levels are given in table 6 for Rich-
February 2.25 2130 2.39 mond, Cambridge City, and Brookville.
March 3.33 3.40 3.60 Monthly precipitation totals for the period 1951-80
April 3.74 4.01 3.68 have varied from zero to nearly 12 inches, but monthly
May 417 4.21 4.32 normals range from about 2 to 5 inches (table 7).
June 4.26 4.24 417 Seasonal normals average roughly 8 inches in fall and
July 4.03 417 4.73 winter, and between 11 and 12 inches in spring and
August 3.28 3.37 3.71 summer.
September 2.69 2.70 2.70 Approximately 21 inches, or 54 percent of the
October 248 252 258 average annual precipitation, falls from May through
November 2.93 3.14 2.84 October, the growing season for most crops. During
December 2.01 2.89 292 this six-month period, monthly amounts average
slightly less than 3.6 inches. In any one crop season,
Annual 38.70 39.63 40.49 however, extended periods of little to no rainfall may

occur.
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Daily precipitation is quite variable due to the
periodic passage of frontal systems, and 24-hour
amounts for the period 1951-80 have ranged from zero
to more than 5 inches. Although precipitation events
are generally interspersed among several dry days, dai-
ly normals fall between 0.08 and 0.14 inch, as deter-
mined from monthly normals at Indianapolis (National
Oceanic and Atmospheric Administration, 1982b).

Average annual snowfall in the basin ranges from
about 24 inches in northern areas to 19 inches in the
south. Annual snowfall averages 22 inches basinwide,
which is roughly equivalent to 2.2 inches of rain. On
average, snowfall in the basin accounts for less than
6 percent of the normal annual precipitation.

Evapotranspiration

The amount of water lost through evaporation from
the soil and surface-water bodies and by plant transpira-
tion is referred to as evapotranspiration. By far the
largest consumptive use of water in the basin,
evapotranspiration consumes about 70 percent of the
average annual precipitation (J. Newman, Purdue
University, personal communication, 1987).

Newman (1981) has used the Thornwaite method as
described in Palmer and Havens (1958) to estimate an-
nual evapotranspiration for nine regions in Indiana.
According to Newman'’s regional estimates based on
1941-70 climatic data, normal annual evapotranspira-
tion in the Whitewater River Basin ranges from about
27 inches in northern areas to 28 inches in southern
areas. These values are regional averages which may
be expected over a period of many years; however,
variations in temperature and other climatic factors can
produce significant variations in evapotranspiration
from year to year.

SURFACE-WATER HYDROLOGY
Drainage Characteristics

Drainage in the Whitewater Basin is well developed,
particularly in southern areas where glacial deposits
are older or absent. The Whitewater River and its ma-
jor tributaries have long and fairly straight valleys with
many small first-order and second-order streams
feeding directly into the trunk channels.

The Whitewater River is entrenched in glacial drift
along its upper reaches. Lower reaches in Franklin and
Dearborn Counties are cut into bedrock and are flanked
by high ridges of limestone and shale which often ex-
ceed 300 feet in relief. Limestone and shale is also ex-

posed along much of the deeply entrenched East Fork
Whitewater River, especially near Richmond and in
the vicinity of Brookville Lake.

Tributary channels have relatively low relief in their
headwater areas and then lose elevation rapidly as they
leave the uplands and drop to the level of the major
valley bottoms. Average channel slopes of 20 to 40
ft/mi (feet per mile) are not uncommon for western
tributaries of the Whitewater River, and some short
tributaries have even greater slopes. Several tributaries
of the East Fork Whitewater River upstream of
Brookville Lake have gradients exceeding 20 ft/mi.

The channel slope of the East Fork Whitewater River
decreases from 12.8 ft/mi at Richmond to 9.2 ft/mi
at Brookville (Glatfelter, 1984). These slopes are
among the highest in the state for rivers draining more
than 100 sq. mi. The gradient of the Whitewater River
at Brookville (7.3 ft/mi) is the highest for Indiana rivers
draining more than 1000 sq. mi.

Stream-Flow Data

The U.S. Geological Survey, in cooperation with
other government agencies, has collected daily stream-
flow records in the Whitewater River Basin since 1915.
Although daily stage readings were obtained for the
Whitewater River at Cedar Grove between 1915 and
1917, the two earliest long-term stations were
Whitewater River at Brookville (established in 1915)
and Whitewater River near Alpine (established in
1928).

As data needs grew and funding became available,
a network of stream gaging stations gradually
developed. Currently, records of daily discharge are
collected at four continuous-record stations on the
Whitewater River (Economy, Hagerstown, Alpine and
Brookville), at two stations on the East Fork
Whitewater River (Abington and Brookville), and on
Little Williams Creek at Connersville (table 8). From
1949 to 1978, data had also been collected for the East
Fork Whitewater River at Richmond.

The two active gaging stations near Brookville are
operated by the U.S. Geological Survey in coopera-
tion with the U.S. Army Corps of Engineers. The other
five stations are part of a cooperative program between
the U.S. Geological Survey and the State of Indiana.
Stream-flow data for these seven gages are published
in U.S. Geological Survey reports prepared annually
for the entire state.

Records of stream discharge during periods of low
flow and high flow have been collected at partial-record
stations where daily discharge data were not available.
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Additional measurements of discharge have been ob-
tained at miscellaneous sites. Data from partial-record
and miscellaneous sites are primarily used in regional
hydrology studies to estimate flow characteristics at
both gaged and ungaged locations.

Table 8 lists continuous-record gaging stations in the
Whitewater Basin as well as 11 partial-record stations
for which discharge-frequency data has been published
in Stewart (1983) and Glatfelter (1984). Gaging loca-
tions are shown in fig. 14. Miscellaneous station
listings and locations are not tabulated or mapped.

Table 8 also indicates continuous-record stations
equipped with telemetering instruments for transmit-
ting encoded information over telephone lines or via
an ecarth-orbiting satellite. Data obtained from
telemetered stations are primarily used for flood
hydrology, flood forecasting, and the operation of
Brookville Lake.

As water management programs develop further, ad-
ditional stream-flow data may be needed to better
define regional hydrology, determine low-flow and
flood frequency discharges, and relate stream-flow
characteristics to local and regional hydrogeology.
Neyer (1985) has recommended that the establishment
of gaging stations should be considered on Greens Fork
or Nolands Fork, Salt Creek or Pipe Creek, and Mid-
dle Fork of the East Fork Whitewater River (upstream
of Middle Fork Reservoir). These gages would pro-
vide regional hydrology data for non-urbanized basins.
Reinstatement of the Richmond gage as a low-flow
partial-record station was also suggested to provide
low-flow data for an urban river reach.

To help balance the cost of these possible additions,
Neyer also recommended that the currently operating
gages near Connersville, Economy, and Hagerstown
be discontinued by 1990. The 20 years of record at
these three sites are sufficient for regional hydrology

functions. Other gages in the basin, used for regional
hydrology, flood forecasting, and the operation of
Brookville Lake, should remain in operation.

Reservoirs

Although there are no natural lakes in the Whitewater
River Basin, hundreds of small manmade lakes, ponds,
and gravel pits are scattered throughout the area. The
lakes and ponds, generally only a few acres in size,
are primarily used for recreation, stock watering, or
aesthetic purposes.

Whitewater Lake, the largest manmade, single-
purpose recreational lake in the basin, covers 200 acres
and has a 1.1 billion gallon storage capacity at normal
pool elevation. Lake Santee (261 acres, 0.9 billion
gallons) is primarily used for recreation, but also serves
as a water supply source for a nearby subdivision.

Middle Fork Reservoir in eastern Wayne County
supplies more than half of Richmond’s water needs.
Completed in 1960, this reservoir is located 2 miles
north of Richmond on the Middle Fork of the East Fork
Whitewater River (fig. 14). The reservoir covers 161
acres and has a storage capacity of 881 million gallons,
as determined from a recent Division of Water survey
(see fig. 34).

Brookville Lake is a flood control, recreational, and
water supply reservoir on the East Fork Whitewater
River (fig. 14). The dam is about 1.5 miles north of
Brookville in Franklin County, and upstream areas of
the reservoir extend northward to near Brownsville in
Union County. The lake controls runoff from a
drainage area of 379 sq. mi. Table 9 summarizes
storage and lake area data at different pool elevations.
Fig. 15 shows the typical operation schedule.

Construction of Brookville Lake began in November
1965, and outlet works were completed in January

Table 9. Storage and area of Brookville Lake
Elevation Allocated Lake
range storage area
Designation (ft msl) ac-it bg acres| sq mi
Minimum pool 713 55,600 18.1 2250 3.5
Water supply pool (winter) 713 - 740 89,300 29 4510 7.0
Seasonal pool (summer) 740 - 748 39,000 12.7 5260 8.2
Flood control pool 740 - 775 214,700 70 7790 12.2
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Figure 15. Typical operation schedule for
Brookville Lake

1968. Since impoundment began in January 1974, the
reservoir has been operated by the U.S. Army Corps
of Engineers as part of a general plan to reduce
flooding in the Ohio River Basin. The lake not only
reduces flood stages in the Whitewater Valley, but also
contributes to flood hazard mitigation along the Ohio
River (U.S. Army Corps of Engineers, 1981). Flood
damages prevented since January 1974 are estimated
to be $2,560,000 (C. Schumann, U.S. Army Corps
of Engineers, Louisville District, personal communica-
tion, 1987).

At emergency spillway crest (elevation 775 feet
m.s.l.), total storage capacity of Brookville Lake is
359,000 acre-feet, or 117 billion gallons (see table 9).
Depending on the season, from 175,700 to 214,700
acre-feet of this total storage capacity is available for
flood control. During flood periods, the upstream end
of the lake extends 24 miles northward to near
Brownsville.

At summer pool elevation (748 feet m.s.l.),
Brookville Lake extends northward about 16 miles, and
has a total storage capacity of 183,900 acre-feet (60
billion gallons). Of this capacity, 39,000 acre-feet (12.7
billion gallons) is allocated for seasonal recreation and
fish and wildlife purposes. About 16,450 acres of reser-
voir land and water have been leased to the State of
Indiana for these two purposes.

From mid-September to mid-April, the lake level is
maintained at 740 feet m.s.1. in order to allow storage
of winter and spring runoff (fig. 15). Of the total winter
storage capacity of 144,900 acre-feet below 740 feet
m.s.l., 89,300 acre-feet is allocated for water supply.
This water supply storage has been purchased by the
State of Indiana from the U.S. Government for sale
to any interested party. The State of Indiana has a con-
tract with the Franklin County Water Association that
allows the IDNR to sell up to an annual average of
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500,000 gallons per day. (For more information on
water supply, see the ‘‘Surface-Water Availability”’
section later in this report).

Stream-Flow Characteristics

Although the amount of available precipitation deter-
mines the theoretical upper limit of stream flow, the
following factors affect the spatial and temporal
distribution of flow: climate; soils and land cover
(vegetation, lakes, impervious surfaces); topography
and physiography (including drainage area, drainage
density, channel geometry); geology (surficial and
bedrock); interactions of surface water with ground
water (areas of recharge, areas of discharge); and man-
made modifications (stream channelization, dams,
diversions, and pumpage).

Geographic variations of these factors account for
the diversity of stream-flow characteristics within and
among basins. Data on flow characteristics are needed
for a wide range of hydrologic and hydraulic applica-
tions, including the determination of the water supply
potential of streams. Selected hydrologic parameters
derived from discharge records provide a semi-
quantitative framework for characterizing the basin’s
surface-water system.

Average Flows

Of all hydrologic parameters, average discharge is
the most easily understood and one of the most widely
used. Average discharge is the arithmetic average of
daily flows for all complete water years of record,
whether consecutive or not.

The combined effects of the factors listed in the
previous section are reflected in average discharge,
which can be interpreted as follows: if it were possi-
ble to store, in a single hypothetical reservoir, all the
water that flows from a watershed during a specified
period and then release it at a uniform rate over the
same period, that rate would be the average flow. This
flow represents the theoretical upper limit of the long-
term yield which can be developed from a stream, even
with regulation.

Average daily discharges of record are given in table
8. Based on average discharge and flow duration data
reported by Stewart (1983), average discharges at
continuous-record stations in the Whitewater Basin are
equaled or exceeded 25 percent of the time. This
percentage, which is less than exceedence percentages
for average flows in northern Indiana, primarily
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reflects the higher flood discharges in the Whitewater
Basin. In some northern Indiana basins characterized
by slight topographic relief, poorly developed drainage,
and extensive, highly permeable outwash deposits, for
example, average discharge would be expected to more
closely approximate the median discharge.

If average discharge is divided by the area drained,
the similarity of unit discharges becomes apparent. As
table 8 shows, average unit discharge for continuous-
record stations in the Whitewater River Basin is slightly
more than 1 cfs (cubic foot per second) per square mile.

Average runoff, which is the depth to which a
drainage area would be covered if the average
discharge for a given time period were uniformly
distributed, represents the amount of water leaving a
basin as both surface-water runoff and ground-water
discharge. Except for flows at Richmond, runoff at
continuous-record stations averages about 14.5 inches
per year.

Low Flows

Low-flow discharge information is essential to the
planning, management, and regulation of activities
associated with surface-water resources. Low-flow data
are used in the design and operation of wastewater
treatment facilities, power plants, engineering works
(such as dams, reservoirs and navigation structures),
and water supply facilities. Low-flow information is
also used to evaluate water quality and its suitability
for various uses. Some low-flow parameters may also
be used in the development of regional draft-storage
relations, in the forecasting of seasonal low flows, or
as indicators of the amount of ground-water influx to
streams.

Low-flow characteristics are commonly described
by points on low-flow frequency curves prepared from
daily discharge records at continuous-record gaging
stations. Correlation techniques can be used to estimate
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curves, or selected points on curves, for stations where
short-term records and/or base-flow measurements are
available.

Curves can be developed from a frequency analysis
of annual minimum flows for selected numbers of con-
secutive days. Fig. 16 shows the relation of annual
minimum average discharges for 1-day, 7-day, and
30-day periods for the Whitewater River near Alpine
during climatic years 1930-84. 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 average) flow having a 30-year recurrence
interval, and the annual minimum 7-day average flow
having a 10-year recurrence interval.

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 flow indicates the dependable supply
of water without storage, and is discussed further in
the ‘‘Surface-Water Availability’” section.

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 one-in-ten chance that the
annual minimum 7-day average discharge in any given
year will be less than this value. Based on data reported
by Stewart (1983), stream flows at continuous-record
stations in the Whitewater Basin are greater than 7-day,
10-year values about 99.5 percent of the time.

In Indiana, the 7-day, 10-year low flow is the index
for water quality standards. This flow is used for siting,
design, and operation of wastewater treatment plants,
for evaluating wastewater discharge applications and
assigning wasteload limits to industrial and municipal
dischargers, and as an aid in setting minimum water
release requirements below impoundments. In the
future, 7-day, 10-year low flows or other low-flow
parameters may be utilized by the IDNR to establish
minimum flows of selected streams.

Table 8 presents annual 7-day, 10-year low flows
at continuous-record gaging stations as calculated
through water year 1984. The non-concurrency of data
among these seven stations prevents a strict comparison
of low-flow parameters. However, the tabulated values
are statistically more representative of each site because
the maximum lengths of record were used.

The 7-day, 10-year values tabulated for the two sta-
tions downstream of Brookville Lake represent pre-
reservoir (unaffected) flows. These values are con-
sidered more appropriate low-flow characteristics than
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values which include 10 additional years of affected
data. (The effect of Brookville Lake on downstream
flows is discussed in a later section.)

Unit low flow is one indicator of the degree to which
stream flow is sustained by ground-water contribution.
The highest 7-day, 10-year unit low flow at a
continuous-record gaging station occurs on the
Whitewater River near Hagerstown. This value (0.12
cfs/sq. mi.) was calculated for a selected base period
1972-84. The next highest unit flow at an unaffected
continuous-record site occurs farther downstream near
Alpine. This concurrent value (0.11 cfs/sq. mi.) is
slightly higher than the long-term value shown in table
8, which includes flows measured during drought
periods of the 1930s and 1940s. The third highest unit
flow for the period 1972-84 occurs on the East Fork
Whitewater River at Abington. This value does not dif-
fer significantly from the value shown in table 8 for
the period 1965-84.

At partial-record stations, unit low flows are highest
for Martindale Creek and Greens Fork in Wayne
County. Similar unit flows are expected along middle
reaches of Nolands Fork, which drains an area of
similar size, basin shape, and surficial geology.

As table 8 shows, low flows for Martindale Creek
and Greens Fork are significantly less than flows at
the three continuous-record sites near Hagerstown,
Alpine, and Abington. Although Martindale Creek and
Greens Fork, like upper reaches of the Whitewater
River and its east fork, drain watersheds developed
primarily on outwash sand and gravel deposits, the
degree of ground-water contribution to these two
tributary reaches appears to be considerably less.

Low flows for tributaries of Brookville Lake in
Union County and for tributaries of the Whitewater
River in Franklin County either approach or equal zero
(table 8). These tributary basins contain large quan-
tities of glacial till and minimal amounts of sand and
gravel; therefore, precipitation quickly leaves these
watersheds as surface runoff. During periods of little
or no rainfall, the streams cease flowing due to limited
ground-water discharge.

Surface- and Ground-Water Interactions

Interactions between surface- and ground-water
systems in the Whitewater Basin account for much of
the diversity of stream-flow characteristics, particularly
low flows. The use of unit flow as an indicator of
ground-water inflow was discussed in the previous sec-
tion. Other semi-quantitative approaches described
below are also useful for making inferences regarding
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system interactions and for generalizing the water sup-
ply potential of selected streams. Additional analyses
which define available stream flow and storage re-
quirements are discussed in the °‘Surface-Water
Availability’’ section later in this report.

Flow Duration

The flow duration curve is a cumulative frequency
curve that shows the percent of time that specified
discharges are equaled or exceeded during a given
period of record. For example, daily mean flows of
the Whitewater River at Brookville were at least 135
cfs during 95 percent of the time for water years
1956-73 (as derived from fig. 17). Daily flows for this
period exceeded 11,750 cfs only 1 percent of the time.

Even though all chronological sequence of daily
discharges is lost in a duration analysis, a duration
curve can be taken as a probability curve that the flow
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distribution over several years will be approximately
equal to that of prior years (Rohne, 1972). Because
duration data provide a great deal of information on
a stream’s overall flow regime, such data are useful
for water supply and hydroelectric power studies, in-
dustrial and waste treatment plant siting, reservoir
design, and pollution control.

The shape of the duration curve is an index of the
natural storage within a basin that is utilized by the
stream. The more nearly horizontal the curve, the
greater is the storage effect, and the greater the poten-
tial for high sustained yields from both surface and
ground water.

If duration curves are plotted on a per-square-mile
(unit) basis for a concurrent period, comparisons of
storage can be made among drainage basins in areas
of differing geology. For example, the three curves
in fig. 17 show that the ability of a drainage system
to accommodate high flows and sustain low flows
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varies from northern to southern Indiana due to varia-
tions in geology.

In general, the greater storage capacity of permeable
outwash materials in northern Indiana valleys tend to
reduce high stream flows. The release of stored water
during dry periods augments low stream flows. The
combination of these two factors produces a fairly flat
duration curve, as represented by the Kankakee River
curve in fig. 17. The particularly flat portion at the
upper end of the curve in fig. 17 is primarily the result
of the large amount of overbank storage available in
the Kankakee valley.

In contrast to the Kankakee River’s flat duration
curve, the duration curve for Graham Creek is quite
steep (fig. 17). This narrow channel in southeast In-
diana flows across bedrock and thin till of low
permeability. Because basin storage is limited, Graham
Creek has sharp, rapid flood peaks during storm
events, and often ceases to flow during dry periods.

Finally, the curve for the Whitewater River south
of Brookville before the completion of Brookville Lake
(fig. 17) characterizes a stream system with moderate
variability of flow. The fairly high peak flows may be
explained by the well-developed drainage system which
in its lower reaches covers non-glaciated, highly
dissected terrain. The presence of outwash deposits
along the major river valleys probably accounts for the
moderately sustained low flows.

Within the Whitewater Basin, unit curves for three
gages on the Whitewater River (fig. 18) further il-
lustrate the effects of surficial geology on water
storage, and subsequently on stream-flow
characteristics. The limited amount of ground-water
inflow upstream of the Economy gage, as indicated by
the steeper low-flow end of the duration curve, can pro-
bably be attributed to the small drainage basin and the
predominance of till. The flatter duration curves for
the Hagerstown and Alpine gages indicate a greater
amount of ground-water contribution to these stream
reaches, probably from outwash sands and gravels
underlying the river valley. The Hagerstown duration
curve may reflect a particularly high degree of ground-
water discharge to stream reaches near Hagerstown
from thick glacial drift filling a bedrock valley (fig. 8).

In contrast to differences in low-flow characteristics
along the Whitewater River, higher stream flows per
unit of drainage area exhibit close similarity (fig. 18).
The similarity of duration curves at unit discharges hav-
ing exceedance probabilities less than 20 mainly
reflects the similarity of climate, land use, and
vegetative cover near these three gage sites (see
Searcy, 1959). The similarity of flow distribution be-
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tween the Whitewater River and its east fork is also
apparent in fig. 18, as shown by data points for the
Abington gage.

Water-Level Correlation

In central Franklin County, the stream gaging sta-
tion on the Whitewater River and the observation well
Franklin-5 are located less than one-quarter mile apart
and about 1 mile south of Brookville (fig. 14). Because
the Whitewater River at this location and throughout
most of its length is developed on outwash sands and
gravels, a high degree of hydrologic connection is ex-
pected between the river and the ground-water system.

A plot of water-level hydrographs for the two
monitoring sites near Brookville (fig. 19) provides a
graphical comparison of water-level changes in the
Whitewater River and the underlying outwash. The
figure shows not only the close similarity of water-level
changes but also the quick response of the surface-
water and ground-water systems to precipitation (as
measured in the town of Brookville).

Based on the close similarity of hydrographs, it ap-
pears that the Whitewater River is hydrologically
connected to the underlying outwash aquifer. However,
because a variety of geologic, geomorphic, and
topographic factors influence hydrologic interactions
between surface-water and ground-water systems, ad-
ditional data are needed to better characterize these in-
terconnections in the Whitewater River valley.

Hydrograph Separation

Hydrograph separation can be used to divide stream
flow (total runoff) into its component parts: surface
runoff, interflow, and ground-water discharge (base
flow). Surface runoff is the combination of precipita-
tion falling directly upon the stream and water flow-
ing over the land surface toward the stream (overland
flow). Interflow occurs when precipitation that has in-
filtrated into the soil moves laterally through the soil
to the stream. For convenience, interflow and surface
runoff are sometimes combined into one category,
direct runoff. Base flow represents the portion of
stream discharge that is contributed largely or entirely
from the ground-water system.

The amount of base flow relative to direct runoff
depends on a number of variables, including intensity
of precipitation, soil moisture conditions, soil infiltra-
tion capacity, underlying geology, and areal basin
characteristics. The amount of base flow is one
measure of the degree to which stream flow is sustained
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Table 10.  Ground-water contribution to stream flow based on hydrograph separation

Station number and name

‘Total Total Direct runoff | Ground water
drainage area| Water runoff
(sq mi) year’ (inches) |inches{ percent | inches| percent

03-274650 Whitewater River near Economy
03-274750 Whitewater River near Hagerstown
03-274950 Little Williams Creek at Connersville
03-275000 Whitewater River near Alpine
03-275500 E.F. Whitewater River at Richmond?
03-275600 E.F. Whitewater River at Abington

03-276500 Whitewater River at Brookville?

10.4 1977-d 4.25 241 57 184 43

1974-n  12.90 7.46 58 544 42

58.7 1977d 5.87 227 39 360 61

1974-n  15.49 6.88 44 861 56

9.16 1977-d 8.83 487 55 396 45
1974-n  16.95 961 57 7.34 43

522 1977-d 5.60 240 43 320 57

1974-n  15.61 736 47 825 53

121 1977-d 4.82 195 40 287 60

1974-n 1220 541 44 6.79 56

200 1977-d 6.27 263 42 364 58

1974-n  15.36 697 45 839 55

1224 1977-d 6.72 222 33 450 67

1974-n  13.20 501 38 8.19 62

'Dry year (d) - 1977; normal year (n} - 1974.

2Upstream flow may be affected by municipal water supply diversion.

3Flow regulated by Brookville Lake dam since January 1974.

by ground-water contribution.

Graphical techniques exist to separate base flow from
the stream-flow hydrograph. App. 6 illustrates a
hydrograph separation for a one-year period (water
year 1974) at the gage on East Fork Whitewater River
at Abington. The base-flow hydrograph shown in app.
6 was used to compute the annual volume of base flow,
which was then converted to inches by dividing the
calculated volume by drainage area. The percent of
base flow was then calculated by dividing the inches
of base flow by inches of total runoff. The percent of
direct runoff was calculated by dividing the inches of
direct runoff by inches of total runoff.

This graphical technique was used to determine the
amounts of base flow and direct runoff contributions
at seven stream gaging sites in the Whitewater Basin.
Hydrograph separations were made for a dry year
(1977) and a normal year (1974) to determine if any
significant difference exists in the percent of ground-
water contribution.

As the results in table 10 show, ground water ap-
pears to constitute a slightly higher percentage of total
runoff during the dry year analyzed than during the

normal year analyzed. In addition, the ground-water
contributions for both years are larger than the direct
runoff contributions at all gages except Whitewater
River near Economy and Little Williams Creek at Con-
nersville. The larger ground-water contributions are
on the main channels of the Whitewater drainage
system where sand and gravel deposits are more abun-
dant. Because the tributary valleys have less sand and
gravel, the tributaries also have less potential bank
storage and therefore flows are not as well sustained
as in the main channels during dry periods.

Effects of Brookville Lake on Downstream Fiows

Streamn flows at two gaging stations downstream of
Brookville Lake are modified by operations at the dam.
At the tailwater gage on the East Fork Whitewater
River (fig. 14, station 03-276000), daily mean flows
are noticeably affected. For example, the daily
discharge was zero on July 27, 1982 as a result of
maintenance activities at the dam. On several other oc-
casions during the post-reservoir period 1975-84, daily
mean discharges near zero have been recorded. These
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unusually low flows typically were interspersed among
discharges exceeding 300 cfs.

These extreme variations in daily stream flows are
also apparent farther downstream on the mainstem
Whitewater River (fig. 14, station 03-276500). At this
station, the last 10 years of data reflect not only
regulated outflow from the 382 sq. mi. watershed of
the East Fork Whitewater River but also unaffected
discharge from the 842 sq. mi. Whitewater River sub-
basin above the east fork. Therefore, reservoir-induced
modifications of stream flow at the mainstem gage are
somewhat masked. Despite this consideration,
however, stream-flow records at the mainstem gage
were utilized for the following discussion, primarily
because 50 years of pre-reservoir data were available.

The reduction of flood discharges downstream of
Brookville Lake can be illustrated by coordinated
discharge-frequency values prepared by the Division
of Water in cooperation with three federal agencies (In-
diana Department of Natural Resources, 1986a). Ac-
cording to these determinations, the 100-year flood on
the Whitewater River at Brookville, as modified by the
reservoir, is 59,000 cfs. This flood discharge is 30,000
cfs less than the estimated peak of 89,000 cfs which
would have been expected in the absence of reservoir
regulation. The 25-year flood is reduced from 68,000
cfs to 45,500 cfs, and the 10-year flood is reduced from
56,000 cfs to 40,000 cfs.

Flow duration curves can illustrate the decreased
flood discharges for events of lesser magnitude (for
example, discharges less than the 2-year, or average
annual flood). A graphical relation for the pre-reservoir
period 1929-73 was established between flow duration
curves for the Alpine and Brookville stations on the
Whitewater River. This graphical relation, assumed to
remain valid for the period 1975-84, was then used to
estimate the natural (unregulated) flow duration curve
for the Brookville gage. The estimated curve for natural
conditions was then compared to the actual curve
derived from measured discharges during the same
10-year period.

As the resulting curves in fig. 20 show, the flood
discharge being equaled or exceeded only 0.1 percent
of the time is reduced from 26,000 cfs to 18,000 cfs
due to flood control operations at the dam. The
1.0-percent duration discharge is reduced from 13,000
cfs to 8,600 cfs.

To estimate the effect of Brookville Lake on average
discharge, the area under the affected duration curve
in fig. 20, which represents the average discharge for
the entire 10-year period of reservoir regulation, was
compared to the area under the curve for unaffected

conditions. The resulting values show that the 10-year
average discharge for reservoir-affected conditions
(1341 cfs) is 2.5 percent less than the unaffected
average discharge (estimated to be 1375 cfs). Of this
34 cfs difference, approximately 23 cfs can be at-
tributed to evaporative losses from the large reservoir
surface.

Occasional maintenance activities and other infre-
quent operations at the Brookville Lake dam probably
explain the decrease in extremely low stream flows,
which is apparent from the lower end of the affected
duration curve for the Whitewater River (fig. 20).

The effect of seasonal reservoir operations (fig. 15)
on stream flows of the Whitewater River was illustrated
by an analysis of monthly mean flows. Regression
equations derived from monthly mean flows for March,
April, October, and November at Alpine and
Brookville were used to estimate monthly means which
would have occurred at Brookville each year during
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Figure 20. Flow duration curves for
Whitewater River at Brookville showing
the effects of Brookville Lake



the period 1975-84. These estimated means were then

compared to values derived from Brookville’s post-
reservoir discharge records. This analysis showed that
during reservoir filling in March and April, monthly
mean stream flows at the Brookville gage are less than
flows which would have been expected under natural
conditions. Conversely, monthly means during reser-
voir drawdown in October and November are greater
than means that would normally have been expected.

Surface-Water Quality

Water quality standards for several designated uses
have been adopted by the former Indiana Stream Pollu-
tion Control Board (1985) and the former Indiana En-
vironmental Management Board (1979). At the time
of this report, these standards are being revised by the
Indiana Water Pollution Control Board (1987). App.
7 summarizes state and federal standards current as of
early 1987 for public water supply, as well as recom-
mended criteria for aquatic life, irrigation, and
livestock watering.

Standards for recreation are intended to maintain the
aesthetics of a body of water and to protect the public
from possible health risks. Concentrations of fecal col-
iform are used to monitor the suitability of surface
water for body-contact recreation. More stringent
limits for fecal coliform have been established for
whole-body contact recreation (swimming— a single
sample maximum of 400 cells per 100 ml) than for
partial-body contact (wading—2000 cells per 100 ml).

In the Whitewater Basin, all lakes and reservoirs,
as well as the Whitewater River below its east fork are
designated for whole-body contact recreation from
April through October (the recreation season), and for
partial-body contact recreation from November
through March. The remainder of streams in the basin
are presently designated for partial-body contact
recreation year-round. However, these recreational use
designations and standards will be modified to include
all waters for whole-body contact if proposed water
quality revisions are adopted by the Indiana Water
Pollution Control Board (1987).

Two streams in Franklin County are designated for
“limited use.”” The amount of flow and habitat in
Richland Creek and its unnamed tributary are insuffi-
cient to support diverse communities of fish and other
aquatic life. During dry periods, treated effluent from
a rubber manufacturing plant provides the only flow
in the two streams. The only viable uses for Richland
Creek are wading and livestock watering. The
unnamed tributary to Richland Creek has no potential
for recreational or agricultural uses (Indiana State
Board of Health, 1982).

‘““Exceptional use’’ streams are high-quality waters
which provide exceptional aquatic habitat, support
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unique assemblages of aquatic organisms, or are in-
tegral features of protected or particularly scenic areas.
Although no exceptional use streams have been
designated in the Whitewater River Basin, a 28-mile
segment of the Whitewater River in Franklin County
has been recommended for inclusion in Indiana’s
Natural, Scenic, and Recreational Rivers System (In-
diana Department of Natural Resources, 1986b). In-
clusion in this system would at least partially protect
the river segment from detrimental human impacts.

Surface-Water Quality Data

Surface-water quality data in the Whitewater River
Basin can be grouped into two categories, streams and
reservoirs. Since 1980, stream quality data have been
collected quarterly as near-surface grab samples by the
Indiana Department of Environmental Management at
two stations, the East Fork Whitewater River at Ab-
ington and the Whitewater River at Brookville. (Prior
to 1980, samples were generally collected on a mon-
thly basis.) Until 1987, the stations at Abington and
Brookville were located at the U.S. Geological
Survey’s stream-flow gaging sites (fig. 14). Recently,
however, the stream quality station at Brookville was
moved downstream to Cedar Grove.

The stream quality stations at Abington and
Brookville (Cedar Grove) are operated as part of a
statewide surface-water quality monitoring network
established in 1957 by the Indiana State Board of
Health. Water quality data for the entire state are
published in reports prepared annually by the Depart-
ment of Environmental Management (and formerly
prepared by the Board of Health). App. 8 summarizes
water quality constituents at the Abington and
Brookville stations having at least 15 values published
over a selected 10-year period, 1976-85.

The U.S. Geological Survey collected data for sedi-
ment and selected chemical constituents at their Ab-
ington stream-flow gage from 1969-76, and some sedi-
ment data at the Hagerstown and Alpine gages (fig.
14), primarily during the same period. From 1974-86,
the Whitewater River gaging station at Brookville was
part of the National Stream Quality Accounting Net-
work (NASQUAN), a nationwide program established
in 1972 by the U.S. Geological Survey to statistically
test for Jong-term regional trends in the quality of the
nation’s surface waters. The NASQUAN site was mov-
ed to the station near Alpine in late 1986.

App. 9 is taken from a more comprehensive
statistical summary for the NASQUAN gage at
Brookville for the 7-year period, 1974-81 (Smith and
Alexander, 1983). The appendix lists mean concen-
trations of 22 common water quality constituents, as
well as estimated medians of trace metals for which
the detection limit was exceeded in at least half the
samples analyzed.
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Water quality data for Silver Creek downstream of
Whitewater Lake, the East Fork Whitewater River near
Liberty, and the East Fork Whitewater River below
Brookville Lake dam (fig. 14) are periodically collected
by the U.S. Army Corps of Engineers. App. 10 sum-
marizes selected river quality constituents having at
least 15 concentration values and for which the detec-
tion limit was exceeded in at least half the samples
analyzed over the period of record, 1972-86. Fig. 21
illustrates mean concentrations of selected constituents
at the three Corps stations and at the U.S. Geological
Survey’s NASQUAN gage.

Water quality data for Brookville Lake are
periodically collected by the U.S. Army Corps of
Engineers, primarily at three sites (fig. 14). App. 11
summarizes selected constituents having at least 15
concentration values and for which the detection limit
was exceeded in at least half the samples analyzed over
the period of record, 1974-86.

Water quality data for Whitewater Lake have been
collected primarily as part of special studies by the U.S.
Environmental Protection Agency (1976a) and the In-

diana State Board of Health (data unpublished). In ad-
dition, bacterial counts at the swimming beach are
monitored weekly by the Board of Health during the
recreation season.

The Indiana-American Water Company’s Richmond
District withdraws approximately 60 percent of its
water from Middle Fork Reservoir, and 40 percent
from ground water. Water quality parameters affect-
ing water treatment and public health are monitored
daily by the utility. Measured parameters for reservoir
water include turbidity, iron, manganese, pH, hard-
ness, alkalinity, odor, bacteria, and chlorine residual.
Additional samples from the reservoir are collected
twice a year for determination of major inorganic ions,
trace metals, and organic pollutants.

Streams

Based upon available data, water quality is generally
considered good in the Whitewater River and its east
fork. Standards for public water supply and aquatic life
have not been exceeded in samples collected by the In-
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Figure 21. Comparison of major chemical constituents at selected stream quality stations



diana Department of Environmental Management at
their Abington and Brookville stations during the past
10 years (1976-85). Nutrients (phosphorus and in-
organic nitrogen) have sometimes been present in con-
centrations greater than those recommended for the
prevention of nuisance algal growth in flowing waters,
but excessive phytoplankton populations have not been
recorded, and mean nutrient values are fairly Jow. High
fecal coliform concentrations occasionally found in the
Whitewater River and its east fork, however, indicate
the presence of point and/or non-point sources of pollu-
tion. High fecal coliform counts often are associated
with municipal discharges, combined sewer overflows,
and/or agricultural runoff.

On the Whitewater River at Brookville, fecal col-
iform concentrations from April through November
sometimes exceed the standard for whole-body con-
tact recreation (400 cells per 100 ml). Violations
recorded by the Indiana Department of Environmen-
tal Management (IDEM) at their former monitoring
site ranged from 610 to 110,000 cells per 100 ml dur-
ing the 10-year period, 1976-85. These and other ex-
cessive values, although interspersed among much
lower concentrations, produce a skewed mean, as app.
8 shows.

At the Brookville monitoring station, located about
0.4 mile downstream of the Brookville sewage treat-
ment plant, nearly two-thirds of the samples collected
by the IDEM from 1976-79 during the recreation
season violated the whole-body contact standard. About
half of the quarterly samples collected from 1980-85
during the recreation season violated the standard. In
contrast, only 6 percent of the samples collected from
November to March for the period 1976-79 violated
the standard for partial-body contact recreation (2000
cells per 100 ml), while one-third violated the stan-
dard from 1980-85.

Only occasional fecal coliform violations of the
partial-body contact standard have been recorded
downstream of the Connersville wastewater treatment
plant, the largest point-source discharge on the
Whitewater River. Dissolved oxygen and ammonia
violations downstream of Connersville seldom occur
(Indiana Department of Environmental Management,
[1986]).

On the East Fork Whitewater River downstream of
Richmond, fecal coliform standards for partial-body
contact recreation (2000 cells per 100 ml) have been
violated in only 10 to 20 percent of the samples col-
lected by the IDEM during the period 1976-85. The
average frequency of occurrence during the past 10
years has remained about the same (approximately one
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violation per year per sample set). Although the river
reach near Abington is not designated for whole-body
contact recreation, nearly 60 percent of the samples
collected from 1976-85 had fecal coliform values less
than 400 cells per 100 mi, the maximum permissible
concentration in other waters which are used for whole-
body contact recreation.

Reservoirs

Middle Fork Reservoir, Whitewater Lake, and
Brookville Lake represent three moderately eutrophic
lakes of either large acreage (Brookville Lake) or
shallow mean depth. According to the lake classifica-
tion system used by the Indiana Department of En-
vironmental Management (1986), water quality prob-
lems in these lakes are infrequent, and designated
aquatic life and recreational uses are rarely if ever im-
paired. To help maintain the good conditions in these
lakes, the IDEM has recommended the control of
nutrient input via phosphorus removal at wastewater
treatment facilities, landuse management, and the con-
trol of septic tank seepage.

The IDEM uses 10 trophic parameters to derive a
composite numerical index scaled from 0 to 75, which
defines a generic four-tiered classification of lakes
throughout Indiana. An index of 75 and a Class 4
designation would represent the most eutrophic con-
ditions, for example. According to this classification
scheme, Middle Fork Reservoir has a Eutrophication
Index of 18 and is designated as a Class 1 lake (In-
diana Department of Environmental Management,
1986).

Compared with the other two lakes of record in the
basin, Middle Fork Reservoir is considered by the
IDEM to be the least eutrophic. The reservoir is
characterized by low nutrient concentrations, low tur-
bitity, and small, diverse populations of phytoplankton
and macrophytes. With respect to primary and secon-
dary drinking-water regulations (app. 7), only concen-
trations of iron and manganese in raw water samples
occasionally exceed the secondary levels for finished
drinking water. Other inorganic parameters have been
within acceptable limits, and no organic pollutants have
been detected (K. Cooper, Indiana-American Water
Company, personal communication, 1987).

Whitewater Lake, the most eutrophic of the three
basin lakes, is an Index 29, Class 2 lake. When the
U.S. Environmental Protection Agency sampled 27 In-
diana lakes in 1973 for a combination of six
parameters, Whitewater Lake ranked 24th in overall
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trophic quality (U.S. Environmental Protection Agen-
cy, 1976a). '

Subsequent sampling by the Indiana State Board of
Health in 1975 and 1976 showed an improvement in
Whitewater Lake’s trophic condition, as evidenced by
a decrease in nutrient concentrations, phytoplankton
counts, and turbidity. Although the lake is still con-
sidered eutrophic, recreational uses at the beach have
rarely been impaired due to excessive algal or
macrophyte development or high coliform counts (W.
MclInerny, IDNR Division of Engineering, personal
communication, 1987). However, because of a recur-
ring problem with siltation, the lake has been dredged
periodically since 1978 (M. Gentry, IDNR Division
of State Parks, personal communication, 1987).

Brookville Lake, Indiana’s second deepest manmade
reservoir, is a large, moderately eutrophic lake of good
water quality (Index 21, Class 1). The eutrophication
index computed by the IDEM in 1985 is only two
eutrophy points less than the index calculated in 1979,
which indicates a stability of the lake’s overall water
quality.

Epilimnetic total phosphorus in Brookville Lake was
the lowest of 12 Indiana lakes and reservoirs recently
sampled by the IDEM, and phosphorus levels were less
than the detection level of 0.03 mg/1 in all three sec-
tions of the lake that were tested. (The maximum total
phosphorus concentration recommended for preven-
tion of nuisance algal production in non-flowing waters
is 0.05 mg/l; Hardy, 1984). Fish and sediment samples
collected in 1985 contained no toxic substances such
as metals, polychlorinated biphenyls, and pesticides in
amounts great enough to be of concern (Indiana
Department of Environmental Management, [1986]).

Both beneficial and detrimental effects on water
quality can result from impounding water. Some
beneficial effects of Brookville Lake on the water
quality of East Fork Whitewater River include reduc-
tions in turbidity, alkalinity, hardness, and biochemical
oxygen demand, primarily due to the decreased tur-
bulence and longer residence time of reservoir water.
The reduction in bicarbonate, the major component of
alkalinity, is apparent from fig. 21 for the two stations
on the East Fork Whitewater River upstream and
downstream of Brookville Lake. The figure also shows
the reduction of calcium and magnesium, the principal
components of hardness.

A major detrimental effect due to impounding river
water results from thermal stratification and the con-
sequent degradation of water quality in the lower layer
of the reservoir, or hypolimnion. Summer stratifica-
tion of Brookville Lake, which occurs when surficial
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Figure 22. Depth profiles of selected
physical parameters at Brookville Lake

near dam
(Data from the Indiana Department of Environmental
Management, August 1985)

waters are heated by the sun, can be illustrated by depth
profiles of selected constituents in the lake’s deepest
basin (fig. 22).

As is typical in a thermally stratified lake, the abun-
dance of suspended matter limits the penetration of
sunlight to the hypolimnion; consequently, oxygen-
producing photosynthesis does not occur and the
hypolimnion becomes anoxic (fig. 22). Although the
anoxic conditions can impact downstream water quality
if hypolimnetic lake water is released, no detrimental
impacts have been documented. An anoxic hypolim-
nion also limits the usefulness of bottom waters as fish
habitat, but no significant decrease in the quality of
fisheries has been observed (D. Kingsley, IDNR Divi-
sion of Fish and Wildlife, personal communication,
1987). Other effects and potential effects of impound-
ment on water quality and biota are discussed in an
environmental impact statement by the U.S. Army
Corps of Engineers (1974).

OXYGEN, CONDUCTANCE,




GROUND-WATER HYDROLOGY
Ground-Water Data

Ground-water data for the Whitewater River Basin
come from several sources, including water-well
records, the observation well network, lithologic logs,
seismic information, and localized project data (for ex-
ample, pumping tests and other analytical and
mathematical models).

Since 1959, water-well drilling contractors have been
required to submit a complete record to the IDNR of
every water well that is drilled. More than 3000 water-
well records maintained in the IDNR, Division of
Water files for the Whitewater River Basin were
reviewed and screened for the ground-water assessment
portion of this study. Most of the records are for wells
less than 150 feet in depth.

Water-level data in the Whitewater River Basin have
been collected from observation wells by the U.S.
Geological Survey in cooperation with the IDNR
(formerly the Department of Conservation) since 1946.
In northwestern Fayette County (fig. 14), observation
well Fayette-2 monitored ground-water levels from
1946 to 1970. In central Union County, observation
well Union-6 began recording in 1966, but was discon-
tinued in 1974. Fayette-2 was used to record water-
level changes within till and Union-6 monitored the
ground water in limestone bedrock.

From 1966 to present, water-level data have been
collected from observation well Wayne-6 located in
southwestern Wayne County (fig. 14). In central
Franklin County, observation well Franklin-5 has
recorded ground-water level data for the periods of
1968 to 1971 and 1974 to present. The two wells
monitor natural fluctuations in water levels within
Pleistocene outwash deposits.

The water-level fluctuations for Wayne-6 and
Franklin-5 (fig. 23) are typical of the changes expected
for outwash aquifers. During the wet seasons of winter
and spring, the water level plots show a rise in the
piezometric surface. In the summer and autumn, the
water levels fall in response to decreased aquifer
recharge. Data for all of the years plotted in fig. 23
show this same pattern. Also, the extremes of ground-
water levels during the 5-year period plotted in fig.
23 only cover a range of 7.5 feet. This relatively small
amount of fluctuation is an indicator of the large
volume of ground water held in storage.

Based upon a Division of Water review, the two
observation wells in the Whitewater Basin are adequate
for monitoring water-level fluctuations in outwash
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valley-train deposits commonly used for water supply.
Because the potential for high-capacity pumpage
elsewhere in the basin is quite small, no additional
observation wells are needed at this time.

Piezometric Surface

The ground-water level within an aquifer constantly
fluctuates in response to rainfall events, evapotranspira-
tion, ground-water movement (including recharge and
discharge), and ground-water pumpage. Maximum
fluctuations recorded at four observation wells in the
Whitewater Basin average 8 feet. Because the natural
fluctuations are small, static water levels from wells
can be used to approximate regional ground-water flow
direction.

Static water levels used to develop the piezometric
surface map for the Whitewater River Basin (pl. 2) in-
clude data for aquifers at various depths. The map
represents a composite of water levels of the major
aquifer systems, and it may or may not be a true
representation of water levels in very shallow or very
deep aquifers.

The piezometric surface map (pl. 2) can be used to
define the probable flow path of contaminants and to
identify significant areas of ground-water recharge and
discharge. In a general way, the piezometric surface
approximates overlying topography and intersects the
land surface at major streams. The map can also be
used to calculate expected depths to water in a well,
but not to determine recommended depths of wells. At
any specific site, the appropriate well depth can only
be determined by an understanding of the local geologic
conditions.

In the Whitewater River Basin, ground-water levels
range from an elevation of 1165 feet m.s.l. in Ran-
dolph County to a low of about 500 feet m.s.l. where
the Whitewater River enters the state of Ohio. Regional
ground-water flow, which generally reflects regional
topographic drainage, is toward the Whitewater River
and its major tributaries (pl. 2).

Whitewater River Basin Aquifer Systems

The aquifer systems of the Whitewater River Basin
can be broadly divided into two classes, unconsolidated
aquifer systems and the underlying bedrock aquifer
systems. The unconsolidated systems include the in-
tratill Wayne-Henry, Fayette-Union, and Dearborn
Aquifer Systems and the Whitewater Valley Aquifer
System (pl. 3). These unconsolidated systems, sub-
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Figure 23. Monthly water levels in observation wells Wayne-6 and Franklin-5

divided on the basis of similar aquifer and geologic Aquifer System. These systems are composed pri-
conditions, are mainly composed of glacially derived marily of sequences of limestones, dolomites, and
tills, lacustrine clays, and sands and gravels of perhaps shales. Table 11 summarizes selected characteristics
pre-Illinoian to Wisconsinan age. The bedrock systems, of the unconsolidated and bedrock systems within the
subdivided on the basis of water-producing rock strata, Whitewater Basin.

are the Ordovician Aquifer System and the Silurian



Wayne-Henry Aquifer System

The Wayne-Henry Aquifer System is approximately
bounded to the north by the Knightstown Moraine (fig.
11). The surficial deposits in this area are Wisconsinan
tills identified by Burger and others (1971) and Gray
and others (1972) as ground moraine or end moraine.
Aquifer characteristics are not distinctly different be-
tween areas mapped as end moraine (the Knightstown
Moraine) and areas mapped as ground moraine.

The dominant aquifers within the Wayne-Henry
System are intratill sand and gravel lenses. These
aquifers are highly variable in depth and lateral extent
and are confined by variably thick clay or till se-
quences. Aquifer materials range from very fine sand
or muddy sand to coarse gravel. Individual aquifers
within this system are usually not traceable beyond
small, limited areas. One exception occurs west and
southwest of Richmond, where well data show a fairly
extensive, definable aquifer (see Centerville Subsystem
in pl. 3).

The thickness of the Wayne-Henry System ranges
from 30 feet or less over areas of high bedrock to 300
feet or more in buried bedrock valleys. The thickness
of aquifer materials within the system ranges from 0
feet (all clay, often a dry hole) to 40 feet. Common
thicknesses are less than 10 feet.

The Wayne-Henry Aquifer System contrasts sharply
with the Whitewater Valley Aquifer System, which
transects it (pl. 3). The intratill Wayne-Henry aquifers
are generally deeper than the Whitewater aquifers and
are confined within till sequences dominated by clays.
Water-bearing units of the Whitewater Aquifer System
are unconfined, usually fairly shallow, and are
characterized by thick sequences of sand and gravel
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with little clay.

The boundary between the Wayne-Henry Aquifer
System and the Fayette-Union Aquifer System which
borders it to the south is not distinct. Although both
are intratill systems, the Wayne-Henry System has
thicker, more numerous, and more productive sand and
gravel zones than the Fayette-Union System.

Well depths in the Wayne-Henry System are highly
variable and are influenced by the bedrock elevation
and the depth to productive sand and gravel zones
within the tills. Although well depths in this system
vary from 14 to 254 feet, most wells range from 70
to 150 feet deep. The deepest wells are associated with
buried bedrock valleys filled with till. The shallowest
wells, 30 feet deep or less, are usually bucket-rig wells
drawing water from thin sand and gravel layers or from
clays overlying bedrock highs.

The elevations of water-bearing zones in the Wayne-
Henry System vary substantially. In general, aquifer
elevations reflect surface elevations and therefore are
highest along basin boundaries and lowest near major
drainageways. Aquifer elevations generally decline
toward the south. Elevations in northern parts of the
system range from 900 to 1150 feet m.s.l. but are
usually in the range of 1030 to 1120 feet m.s.l. Along
the southern boundary of the system, aquifer eleva-
tions range from 790 to 1065 feet m.s.1., but most wells
produce from aquifers of elevation 850 feet m.s.1. or
higher.

The confined intratill aquifers within the Wayne-
Henry System often have only slight hydrologic con-
nections; therefore, static water levels may differ
significantly within a small area. Static water levels
throughout the Wayne-Henry System range from O feet
(land surface or above) to 105 feet. Most static water

Table 11. Summary of unconsolidated and bedrock aquifer systems
Avg. aquifer Range of well | Expected well Static water

Aquifer system Area (sq mi) System type thicknesses (ft) | yields (gpm) yields (gpm) levels (ft)
Wayne-Henry 448 Intratill 10 0-150 6- 15 20 - 50
Fayette-Union 362 Intratill 2-4 0-60 2-10 20 - 40
Dearborn 464 Intratill 0-2 0-20 0-2 3- 40
Whitewater 103 Valley train 25 - 75 50 - 1200 500 0- 30
Ordovician 1034 Bedrock 10 - 100 0-50 0-8 15 - 50
Silurian 342! Bedrock 10 - 100 0-60 10 <50

'Includes area of the county to the Ohio border outside the basin boundary.
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levels, however, range from 20 to 50 feet below land
surface. Flowing wells, although quite rare, occur
sporadically throughout the system.

Well yields in the Wayne-Henry Aquifer System are
usually adequate for domestic supply purposes;
however, low-yield wells and dry holes have
sometimes been reported. Most wells yield 15 gpm
(gallons per minute) or less, but reported yields range
from O to 150 gpm. High-capacity wells (70 gpm or
greater) are fairly uncommon.

In the area west and southwest of Richmond, a fairly
consistent intratill sand and gravel zone has been
delineated (see Centerville Subsystem in pl. 3). This
zone ranges from 1 to 25 feet in thickness but is usually
about 5 feet thick. Wells range from 50 to 120 feet
deep. The elevation of the top of the subsystem is be-
tween 960 and 990 feet m.s.l. Static water levels range
from 13 to 80 feet but are usually between 25 and 50
feet. Wells yield from 6 to 30 gpm, and most wells
produce at least 10 gpm.

Fayette-Union Aquifer System

The Fayette-Union Aquifer System is bounded to the
north by the gradational contact with the Wayne-Henry
Aquifer System (pl. 3). The southern boundary is also
gradational but approximately coincides with the
Hartwell Moraine (fig. 11), which marks the
southern limit of Wisconsinan glaciation in the
Whitewater Basin.

The Fayette-Union Aquifer System is mainly com-
posed of glacial tills which contain intratill sand and
gravel aquifers of limited thickness and extent. The
grain size of aquifer materials in the intratill deposits
varies locally and ranges from fine or muddy sand to
coarse gravel.

Thickness of intratill sand and gravel lenses ranges
from 0 to 30 feet throughout the Fayette-Union Aquifer
system, but generally is about 2 to 4 feet. Thicker
layers occasionally are found in areas near the
Whitewater Valley Aquifer System, which occupies the
Whitewater River Valley.

The boundary between the Fayette-Union and
Whitewater Valley Aquifer Systems is distinct (pl. 3).
The thick outwash sands and gravels of the Whitewater
System contrast sharply with the clay-rich composi-
tion of the Fayette-Union System. To the south, the
boundary between the Fayette-Union Aquifer System
and Dearborn Aquifer System is gradational and not
clearly defined (pl. 3). Both systems have clay-rich till
sequences overlying bedrock; however, the Fayette-
Union System has thicker deposits of Wisconsinan till,

whereas the Dearborn System has thinner deposits of
predominantly pre-Wisconsinan age. In general, sand
and gravel zones in the Fayette-Union Aquifer System
are thicker, more numerous, and more productive than
those in the Dearborn Aquifer System.

Well depths in the Fayette-Union Aquifer System are
influenced by bedrock elevation and the depth to pro-
ductive sand and gravel layers within the thicker tills.
Well depths range from 11 to 260 feet, but most wells
are 30 to 70 feet deep. The shallowest wells are usually
found in thin tills overlying bedrock highs or in thin,
shallow outwash deposits in minor tributary valleys of
the Whitewater River. The deeper wells are in areas
where thick till occurs within buried bedrock valleys.

Intratill aquifer elevations range from 780 to 1078
feet m.s.l. Aquifer elevations are highest along the
basin’s western topographic boundary in western
Fayette County, along the eastern boundary in eastern
Union County, and on the drainage divide between the
east and west forks of the Whitewater River. The
lowest aquifer elevations occur in areas adjacent to the
Whitewater Valley Aquifer System. Aquifers most
commonly occur between 900 and 1030 feet m.s.1. in
upland areas and between 780 and 900 feet m.s.1. in
lowland areas.

Most wells of the Fayette-Union Aquifer System pro-
duce from intratill sand and gravel deposits and are
therefore confined by some thickness of clay or till.
Static water levels range from 0 to 90 feet but are
usually between 20 and 40 feet. Flowing wells are ex-
tremely rare.

Well yields in the Fayette-Union Aquifer System are
variable, but generally only fair to poor yields may be
expected. Wells drilled in this system produce from
0 to 60 gpm; however, most wells average only 2 to
3 gpm, and supplemental storage is often required in
order to meet peak demands for domestic needs.
Although ground-water conditions in the Fayette-Union
Aquifer System are limited, dry holes are uncommon.
Most wells can produce at least the minimum amount
necessary for small household domestic purposes (1
to 2 gpm). Because significant sand and gravel aquifer
zones are commonly absent in much of the Fayette-
Union Aquifer System, bucket-rig wells are frequently
used. These wells draw water from thin sand zones
or from seepage from fractures within the till. Few
high-capacity wells are present, nor can they be
reasonably expected, in this aquifer system.

A small area of the Fayette-Union System in north-
east Union County has been subdivided because of the
more frequent occurrence of notable sand and gravel
deposits (see Liberty Subsystem in pl. 3). Sand and



gravel aquifers in the Liberty Subsystem average about
4 feet in thickness, and aquifer elevations are usually
between 950 and 1050 feet m.s.1. Drilled wells, which
range from 33 to 130 feet deep, have yields ranging
from 4 to 40 gpm. Most wells yield about 10 gpm,
a sufficient amount for a typical domestic supply.
Bucket-rig wells are less common due to the presence
of thicker, more productive sand and gravel layers.

Dearborn Aquifer System

The Dearborn Aquifer System, which covers the
southern portion of the Whitewater Basin, has the most
limited ground-water resources of the unconsolidated
aquifer systems (pl. 3). Unconsolidated materials of
the Dearborn Aquifer System consist of thin, eroded
residuum and predominantly pre-Wisconsinan tills.

Thin layers of intratill sand and gravel occasionally
occur, but most often only clay is encountered above
bedrock. Sand and gravel lenses can approach 15 feet
in total thickness but are more commonly only 1 to 2
feet thick. Bucket-rig wells may produce water from
thin sands, gravels, or clay or till units in this system.

The Whitewater Valley Aquifer System cuts through
the Dearborn System (pl. 3). The boundary between
these two systems is sharply defined by geologic
materials, aquifer elevations, and water availability.

The depths of wells in the Dearborn System range
from 25 to 70 feet, although most wells are less than
50 feet deep. Aquifer elevations are typically at or
above 900 feet m.s.]. Static water levels range from
3 to 40 feet. Well yields range from 0 to 20 gpm,
although most wells produce only a few gpm. Dry
holes are fairly common. No flowing wells have been
reported.

Whitewater Valley Aquifer System

The Whitewater Valley Aquifer System occupies the
valleys of the Whitewater River and its major
tributaries. This system has long, narrow, north-south
trending branches which cut through the other uncon-
solidated aquifer systems in the basin (pl. 3).

The system contains large volumes of sand and
gravel which were deposited by glaciers and now fill
the major stream valleys. As the glaciers melted, sedi-
ment contained within them was delivered to adjacent
streams in quantities too large for the streams to
transport. As a result, the increased sediment load was
stored in the valleys as vertical and lateral accretionary
deposits. As long as the retreating glaciers continued
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to provide sediment in quantities too large for the
streams to transport, the valleys continued to be filled.
In this way, thick deposits of outwash sand and gravel
accumulated in the valleys of the Whitewater River and
its tributaries.

The sand and gravel deposits of the Whitewater
Valley Aquifer System range from less than 10 feet
to more than 100 feet in thickness. In most areas of
the system, outwash deposits are between 25 and 75
feet thick. Throughout the basin, the thick sands and
gravels of the Whitewater Valley Aquifer System
abruptly contrast with the clay-rich or bedrock en-
vironments of the surrounding aquifer systems.

Well depths in the Whitewater System range from
10 to 120 feet, but most wells are between 30 and 60
feet deep. The elevation of the aquifer system varies
uniformly from north to south. Along the basin boun-
dary in Randolph County, the aquifer system eleva-
tion is about 1110 feet m.s.1. Where the system leaves
the state in Dearborn County, the elevation is approx-
imately 600 feet m.s.l. for the upper terraces and ap-
proximately 500 feet m.s.l. for the modern valley
outwash.

Because the system is largely unconfined, static
water levels are more consistent than in the surround-
ing aquifer systems and are generally shallower.
Average static water levels of 30 feet or less are com-
mon throughout the system.

The Whitewater Valley Aquifer System is by far the
most productive aquifer system in the basin, and is the
only system with the potential to consistently meet the
needs of high-capacity users. Well yields of 500 gpm
can be expected throughout most of the system.
Presently there are a few wells which have the capacity
to produce up to 1200 gpm.

In some areas of the Whitewater Valley Aquifer
System, thick zones of sand and gravel have been
covered by a layer of clay or till (see cross-hatched
area on pl. 3). These areas are surficially similar to
the adjacent Wayne-Henry Aquifer System, but the
sand and gravel aquifer zones are depositionally related
to the Whitewater System.

Thickness of the sand and gravel zones in these areas
ranges from 12 to 54 feet. Most well logs show 20 to
30 feet of sand and gravel, although the upper portions

‘are often unsaturated. Well depths range from 34 to

87 feet. The elevation of the top of the sand and gravel

-zone ranges from about 900 to 940 feet m.s.1. Static

water levels are between 10 and 46 feet. Domestic
wells in this area yield from 10 to 18 gpm, and one
high-capacity well producing 140 gpm was reported.
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Ordovician Bedrock Aquifer System

Ordovician bedrock aquifers, which occur in the cen-
tral portion of the Whitewater River Basin, underlie
a much larger portion of the basin than the Silurian
bedrock aquifers. Most of Wayne, Fayette, Union,
Ripley, and Dearborn Counties are underlain by the
Ordovician Bedrock Aquifer System (pl. 3).

Although the Ordovician bedrock is only marginally
productive, it nonetheless is used as a water source,
especially in the southern portions of the basin where
other potential aquifers are often absent. Records for
wells penetrating Ordovician rocks in the Whitewater
Basin usually indicate multiple layers of limestone and
shale, occasionally only shale, and rarely only
limestone.

Wells completed in the Ordovician Bedrock Aquifer
System range from 40 to 350 feet deep. Well depths
are highly variable throughout the basin but generally
decrease from north to south. Well depth depends on
bedrock elevation and drift thickness. The amount of
penetration into the bedrock is also highly variable,
and ranges from about 10 to more than 100 feet. Well
productivity does not appear to be significantly cor-
related with the amount of bedrock penetration. Eleva-
tion of the top of the bedrock surface is shown on pl.
1. Static water levels range from 0 to 140 feet but are
usually between 15 and 50 feet.

Wells in the Ordovician Bedrock Aquifer System
generally produce from O to 8 gpm. A well yielding
50 gpm was recorded, although wells producing
significantly more than 10 gpm are rare. Dry holes are
fairly common. Drawdowns associated with wells in
the Ordovician Bedrock Aquifer system are often ex-
treme. Even with low pumping rates, wells will often
pump dry and drawdowns of more than 50 feet are
commonly reported.

Silurian Bedrock Aquifer System

Silurian bedrock aquifers are found along the north,
northeast, and west margins of the Whitewater Basin
(pl. 3). Records for wells in the Silurian System usually
indicate fairly thick sequences of limestone. Some shale
is occasionally reported, most commonly near the
Silurian-Ordovician contact. Depths of wells vary from
about 100 to 330 feet, but most wells are 150 to 200
feet deep. Some wells penetrate 15 to 60 feet into the
limestone, although 30 feet or less is usual. Static water
levels range from 20 to 70 feet but are typically 50
feet or less.

Well yields in the Silurian Bedrock Aquifer System

range from O to 60 gpm. The best Silurian bedrock
production is in Randolph County along the northern
edge of the basin. Although one dry hole was reported
in this area, nearly all wells produce more than 10 gpm,
and wells producing 30 to 60 gpm are common. Far-
ther south in the basin, the capacity of the Silurian
Bedrock Aquifer System decreases. In areas within a
few miles of the Silurian-Ordovician contact, wells
usually produce 10 gpm or less and dry holes are oc-
casionally reported. Drawdown values are high in these
areas and wells may pump dry.

Ground-Water Quality

Chemical data on water samples from a total of 153
wells were used to characterize the ground-water quali-
ty of the unconsolidated and bedrock aquifer systems
defined in the Whitewater River Basin (fig. 24). Ma-
jor sources of information included: 1) 114 ground-
water samples collected from domestic, stock, in-
dustrial, municipal, and public supply wells in a
cooperative effort between the Division of Water and
the Indiana Geological Survey (fall 1985); 2) Indiana
State Board of Health analyses of municipal, public
supply, and test wells; and 3) U.S. Geological Survey
analyses of observation and municipal wells. Most data
summarized in this report were collected between 1974
and 1985; however, older data were occasionally utiliz-
ed. Data for individual wells are tabulated in app. 12.

The distribution of sample sites reflects water
availability in the basin. For example, only nine wells
were sampled in the Dearborn Aquifer System. In this
area, ground-water resources are limited and fewer
wells, which are predominantly bucket-rig wells, were
available for sampling.

Data from wells in the Whitewater Basin are treated
as point values; however, the data actually represent
the average concentration of a certain unknown volume
of the aquifer. The extent of aquifer representation
primarily depends on the depth of the well in question,
the hydraulic conductivity of the aquifer, and the rate
of pumping (Sasman and others, 1981). In addition,
water collected from deep bedrock wells can be a mix-
ture of water from different production zones.

A number of factors may cause the alteration of
original aquifer water before and after sampling, such
as contact with plumbing, residence time in a pressure
tank, method of sampling, and time elapsed between
sampling and laboratory analysis. In addition, bucket-
rig wells were not completely flushed of well water
that had been exposed to the atmosphere. Because the
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degree to which these factors affect original aquifer
water is unknown, the ground-water analyses used in
this study generally typify the quality of ground water
at the tap rather than the composition of in-situ aquifer
water. Despite these potential sources of variability,
results of the sample analyses can provide valuable in-
formation on ground-water quality characteristics of
aquifer systems in the Whitewater River Basin.
National Interim Primary Drinking Water Regula-
tions (U.S. Environmental Protection Agency, 1986a,
1986c) and National Secondary Drinking-Water
Regulations (U.S. Environmental Protection Agency,
1979) were examined to determine the suitability of
ground water in the Whitewater Basin for public supply
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(app. 7; also see table 12). The primary regulations
list maximum contaminant levels for inorganic consti-
tuents considered toxic. Although these concentration
limits are enforceable only in public water supply
systems, they can be used to assess ground-water
quality for privately owned wells. The secondary
regulations specify contaminant levels for inorganic
constituents that are not known to be harmful to health
but that have undesirable aesthetic effects (taste and
odor). Secondary drinking-water standards are not
mandatory and are commonly exceeded in ground-
water supplies. General water quality criteria for ir-
rigation and stock are also given in app. 7; however,
they will not be discussed in detail.

Table 12. Significance of selected chemical constituents

Constituent

Remarks

Constituent Remarks

Sulfate

Chloride

Fluoride

Nitrate
as nitrogen

Concentrations greater than 250 mg/l, the
secondary maximum contaminant level,
in combination with ions (especially
sodium and magnesium) can impart
odors and a medicinal or bitter taste to
water. Amounts above 600 mg/l may have
a laxative effect for people unaccustom-
ed to sulfate-rich water.

Concentrations in excess of 250 mg/l, the
secondary contaminant level, in combina-
tion with high sodium may impart a salty
taste. Amounts above 1000 mg/l may be
physiologically unsafe. Large amounts
may accelerate corrosion.

Fluoride concentrations ranging from 0.7
to 1.4 mgl/l help prevent tooth decay.
Amounts above 2 mg/l, the secondary
maximum contaminant level, may cause
mottled teeth. Crippling skeletal defects
may occur with concentrations above 4
mg/l, the maximum contaminant level.

Concentrations above 20 mg/l impart a
bitter taste to drinking water. Concentra-
tions greater than 10 mg/l, the maximum
contaminant level, may cause infant
methemoglobinemia, a disease
characterized by cyanosis or a bluish col-
oration of the skin.

Iron Concentrations exceeding 0.3 mgl/i,
the secondary maximum contami-
nant level, cause staining of laundry,
utensils and fixtures and may impart
a metallic taste to water. Values
above 0.5 mg/l may cause well
screens to become encrusted. Large
quantities stimulate the growth of
iron bacteria.

Manganese Concentrations above 0.2 mg/l
discolors food during cooking and
stains laundry utensils and fixtures
black. Food and water may have a
metallic taste at amounts above 0.5
mg/l. Amounts as low as 0.1 mg/l
stimulate growth of certain bacteria.
Manganese tends to precipitate at
concentrations above 0.05 mg/l, the
secondary maximum contaminant
level, and may form a filter clogging
sludge or slime.

Total
Dissolved
Solids

Water with concentrations greater
than 500 mg/l, the secondary max-
imum contaminant level, may have a
disagreeable taste. Amounts greater
than 1000 mg/l may accelerate corro-
sion of well screens, pumps and cas-
ings and cause foaming and scaling
in boilers.

References: Hunn and Rosenshein, 1969; Governor’'s Water Resource Study Commission, 1980; Lehr and others, 1980; Todd,
1980; and U.S. Environmental Protection Agency, 1986a.
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Factors Affecting Ground-Water Chemistry

The chemical composition of both recharge water
infiltrating through the soil zone and ground water in
an aquifer is the result of the interrelationship of many
complex factors, including the composition and
solubility of rock or rock materials in the soil or
aquifer, water temperature, partial pressure of carbon
dioxide gas, acid-base reactions, and oxidation-
reduction reactions. Furthermore, mixing of ground
water from adjacent strata, the loss or gain of consti-
tuents as water percolates through clay layers
(adsorption-desorption), and the residence time of
water are also important factors which affect the com-
position of aquifer water.

Rain and snow, the major sources of recharge to
ground water, contain small amounts of dissolved
solids and gases such as carbon dioxide, sulfur diox-
ide, oxygen, nitrogen, and argon. As the rain infiltrates
through the soil, biologically-derived carbon dioxide
reacts with the water, forming a weak solution of car-
bonic acid. The reaction of free oxygen with reduced
iron minerals such as pyrite is an additional source of
acidity. Concentrations of chemical constituents such
as bicarbonate, sodium, calcium, magnesium, chloride,
iron, and manganese are increased or added as the
slightly acidic water dissolves soluble rock material.
As ground water slowly moves along a flow path in
the zone of saturation (aquifer), the composition of
water continues to change, usually by the addition of
dissolved constituents (Freeze and Cherry, 1979).

With longer residence time, concentrations of
dissolved solids in ground water usually increase as
reactions approach equilibrium. Ground water in
recharge areas commonly contains lower concentra-
tions of dissolved constituents than water occurring
deeper in the same aquifer or in shallow discharge areas
(Freeze and Cherry, 1979). Also, because recharge to
intratill aquifers travels slowly through clay- and silt-
rich materials of low permeability, these aquifers
usually contain ground water with greater concentra-
tions of dissolved solids than outwash aquifers, which
are composed of more permeable sand and gravel
deposits.

Elevated concentrations of natural inorganic com-
ponents and of organic components may be induced
by man. The susceptibility of an aquifer to contamina-
tion depends on the geologic setting. Contamination
is less likely to occur in intratill aquifers because they
are protected by layers of low-permeability clay which
retard the vertical and horizontal migration of poten-

tial pollutants. In contrast, valley-train aquifers are
highly susceptible to contamination because protecting
clay layers are either discontinuous or absent. Protec-
tion of bedrock aquifers from contamination depends
on the thickness of overlying outwash, till, or soil. P1.
3 briefly summarizes the susceptibility to contamina-
tion of six aquifer systems identified within the
Whitewater Basin.

Basin Assessment

Ground water in the Whitewater River Basin is
primarily of the calcium bicarbonate type, which is
characterized by high alkalinities, high hardness, and
mostly basic pH. Major chemical constituents include
bicarbonate, calcium, magnesium, sodium, sulfate, and
chloride. Less abundant components include iron,
potassium, manganese, fluoride, and nitrate. Concen-
trations of these constituents, except bicarbonate, are
given in app. 12 for each of the 153 selected wells.
Additional information is on file at the Division of
Water for bromide, phosphate, zinc, barium, stron-
tium, and silica for most wells; however, such data
are not presented in this report.

Alkalinity, the capacity of water to neutralize acid,
can be produced by bicarbonate, carbonate, silicate,
hydroxide, borates, and certain organic compounds.
In ground water of the Whitewater Basin, alkalinity
is predominantly produced by bicarbonate, which is
mainly derived from 1) the atmosphere, 2) carbon diox-
ide produced in the soil zone, and 3) the solution of
carbonate minerals (calcite and dolomite).

Median alkalinity values in the basin are high, and
values range from 260.6 mg/l (milligrams per liter)
as CaCO, (calcium carbonate) in the Dearborn
Aquifer System to 355.2 mg/l as CaCO, in the Or-
dovician Aquifer System (fig. 25). The lowest concen-
trations of alkalinity (less than 300 mg/l as CaCO,)
occur primarily within the Dearborn Aquifer System
and Whitewater Valley Aquifer System (fig. 26).

Lower alkalinity concentrations found in the Dear-
born Aquifer System may be explained by two factors:
1) fewer carbonate minerals are available to produce
alkalinity because these minerals have been leached
from thick soils developed on the older pre-
Wisconsinan till (Alfred and others, 1960); and 2)
alkalinities are decreased as carbon dioxide is lost to
the atmosphere from ground water stored in bucket-
rig wells and carbonate minerals are precipitated (Gibb
and others, 1981). The lower median alkalinity value
in the Whitewater Valley Aquifer System may be ex-
plained by the shorter residence time of the ground
water.
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Figure 26. Generalized areal distribution of alkalinity and iron concentrations

Hard water and soft water are relative terms because
water considered hard in one region might be con-
sidered soft by inhabitants of another region. For
discussion purposes, however, the following scale can
be used: soft water, 0—60 mg/l as CaCO,;
moderately hard water, 61—120 mg/l; hard water,
121—180 mg/l; and very hard water, more than 180
mg/l (Hem, 1985). Hardness is principally caused by
calcium and magnesium. Hard water consumes ex-
cessive amounts of soap and detergents and forms an

insoluble scum. In addition, hard water causes scale
to encrust water heaters, boilers, and pipes, thus
decreasing their capacity and heat transfer properties.

Median hardness values for all aquifer systems in
the basin are significantly greater than 180 mg/1 (fig.
25); in other words, ground water is very hard. Me-
dian hardness values are nearly identical for the
Wayne-Henry, Fayette-Union, and the Whitewater
Valley Aquifer Systems.

Median hardness, calcium, and magnesium values
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are lowest for the Dearborn Aquifer System and highest
for the Ordovician Aquifer System (fig. 25). Lower
calcium concentrations and hardness in the Dearborn
Aquifer System may be caused by a lesser abundance
of calcium minerals in the older leached pre-
Wisconsinan till, and/or by precipitation of calcium
carbonate in large-diameter bucket-rig wells as carbon
dioxide is lost from stored water (Gibb and others,
1981). Higher concentrations in the Ordovician System
may be explained by longer residence time of ground
water in the aquifer.

The hydrogen ion activity in water (pH) is expressed
on a scale of zero to 14. Water with a pH less than
7 is acidic, greater than 7 is basic, and equal to 7 is
neutral. The pH of ground water in the basin is
predominantly basic, but values range from 6.1 to 8.5
(slightly acidic to basic). Median values for all aquifer
systems are similar and range from 7.0 to 7.3.

Sulfate, chloride, and sodium are major chemical
constituents of ground water in the basin, although con-
centrations are usually less than bicarbonate and
calcium. Sulfate concentrations did not exceed the
secondary maximum contaminant level of 250 mg/1 for
drinking water in any of the wells sampled (fig. 25;
table 12); however, values can be locally high. Three
out of eight wells sampled in the Ordovician Aquifer
System contained chloride concentrations which ex-
ceeded the recommended level of 250 mg/1 (fig. 25;
table 12). In addition, these three wells had sodium
concentrations greater than 300 mg/l. A deep well com-
pleted in sediments overlying a buried bedrock valley
in the Fayette-Union System and a shallow well in the
Wayne-Henry System also contained elevated concen-
trations of chloride and sodium between 95 and 210
mg/l. A secondary maximum contaminant level has not
been established for sodium; however, sodium in ex-
cess of 500 mg/l, when combined with chloride, pro-
duces a salty taste.

Median values of sulfate range from 10.2 mg/l in
the Fayette-Union Aquifer System to 45.1 mg/1 in the
Whitewater Valley Aquifer System (fig. 25). In
general, sulfate concentrations are greater for shallow
wells where dissolved oxygen is present (oxidizing con-
ditions) than deep wells where oxygen has been
depleted (reducing conditions). Large percentile ranges
of sulfate concentrations, characteristic of some aquifer
systems (fig. 25), may be explained by the presence
of variable concentrations of dissolved oxygen reac-
ting with sulfide minerals. The high median sulfate
value and small percentile range for the Whitewater
Valley Aquifer System suggest the presence of a more
consistent oxidizing environment and a source of sulfur

such as the minerals pyrite and gypsum.

The bedrock aquifer systems have median chloride
values of 5.7 mg/1 in the Silurian Aquifer System and
57.4 mg/1 in the Ordovician Aquifer System (fig. 25).
In unconsolidated systems, median chloride values
range from 8.2 mg/l in the Wayne-Henry System to
16.8 mg/l in the Whitewater Valley System (fig. 25).
The Silurian and Ordovician Systems have median
sodium values of 20.7 mg/l and 61.5 mg/l, respect-
ively, and median values range from 6.0 mg/l to 13.2
mg/l in the unconsolidated aquifer systems (fig. 25).
High median values of sodium and chloride in the Or-
dovician System may be explained by two factors: 1)
inclusion of ancient seawater in the fine-grained shale,
or the presence of sodium chloride-cementing material
in the rock; or 2) longer residence time of the ground
water. Bedrock wells containing high chloride concen-
trations were 290, 208, and 100 feet deep.

The secondary maximum contaminant level of iron
in drinking water (0.3 mg/1) was commonly exceeded
in wells sampled in the Wayne-Henry, Fayette-Union,
Silurian, and Ordovician Aquifer Systems, and less
commonly exceeded in the Dearborn and Whitewater
Valley Aquifer Systems (figs. 25, 27; also see table
12). Manganese exceeded the detection limit of 0.1
mg/l in all aquifer systems except the Dearborn System
(fig. 27; table 12). However, because the detection
limit was twice the secondary maximum contaminant
level of 0.05 mg/1, the percent of wells exceeding the
standard could not be determined.

Median iron values are highest for the Silurian,
Wayne-Henry, and Fayette-Union Aquifer Systems
and lowest for the Dearborn and Whitewater Valley
Aquifer Systems (fig. 25). Median values in the latter
two systems were both less than the 0.1 mg/l detec-
tion limit. Iron concentrations in the Silurian Aquifer
System are similar to those in the overlying glacial till,
its major source of recharge. Ground water in the
Wayne-Henry Agquifer System, the Knightstown
Moraine and underlying Silurian bedrock are
characterized by high concentrations of iron greater
than 1 mg/l (fig. 26).

Lower iron concentrations in the Dearborn Aquifer
System may be explained by two factors: 1) the reduc-
tion and transfer of iron in the pre-Wisconsinan till may
have decreased the iron minerals available for solu-
tion (Nickell, 1981); 2) the iron originally present may
have been oxidized and precipitated out before samp-
ling when ground water stored in bucket-rig wells was
exposed to the atmosphere (Hem, 1985). Lower con-
centrations in the Whitewater Valley System may be
explained by the oxidizing conditions in the aquifer and
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Figure 27. Percent of water samples exceeding selected concentration limits

the lower abundance of iron minerals in the sand and
gravel. In general, average iron concentrations are
greater in deep wells (greater than 100 feet deep) than
in shallow wells (less than 60 feet deep).

Total dissolved solids (TDS) is a measure of the con-
centration of mineral constituents dissolved in water
(table 12). TDS values used in this discussion and
shown in app. 12 are the calculated sum of major con-
stituents expected in an anhydrous residue of a ground-
water sample. A good approximation of the determined
residue on evaporation is calculated when 1) the con-
centrations of major ions are known, and 2) bicarbonate
ions present in solution are converted to carbonate in
the solid phase by a gravimetric factor, and the
resulting carbonate value is used in the summation
(Hem, 1985). App. 12 also includes values for total
dissolved solids, ‘‘as reported,”” which is the sum of
major constituents in which no adjustment of bicar-
bonate was made.

TDS values in the basin range from 224 to 2377
mg/l. In the wells sampled, concentrations of TDS did
not exceed the secondary maximum contaminant level
for drinking water of 500 mg/] in the Dearborn and
Silurian Aquifer Systems. A small percentage of the
wells sampled in the Wayne-Henry, Fayette-Union and
Whitewater Valley Aquifer System contained concen-
trations of TDS above the standard. Concentrations of
TDS in fifty percent of the wells sampled in the Or-
dovician Aquifer System exceeded the secondary max-
imum contaminant level (fig. 27).

Areas with higher concentrations of TDS (greater
than 400 mg/1) occur primarily in the Wayne-Henry
and Fayette-Union Aquifer Systems (fig. 28). Lower
values of TDS (less than than 300 mg/1) are found
mainly in the Dearborn Aquifer System. The median
TDS value is lowest for the Dearborn System, which
has the lowest median values of alkalinity, calcium,
and magnesium (fig. 25). The median TDS value is
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highest for the Ordovician System, which has the
highest median values of alkalinity, calcium, sodium,
chloride, and magnesium. The remaining aquifers have
median TDS values which range between 377 and 402
mg/l (fig. 25).

Natural concentrations of nitrate in ground water
originate from the atmosphere and from living and
decaying organisms. The majority of wells sampled
in the Whitewater Basin contained concentrations of
nitrate (as nitrogen) less than 0.20 mg/1 (fig. 28). Con-

centrations less than this value are assumed by Madison
and Brunett (1984) to represent natural background
concentrations. Concentrations of nitrate (as nitrogen)
between 0.21 and 3.0 mg/] that may or may not repre-
sent human influence are considered transitional
(Madison and Brunett, 1984). Wells containing these
concentrations are found primarily in the Dearborn and
Whitewater Valley Aquifer Systems (fig. 28).

High levels of nitrates can result from leachates of
industrial and agricultural chemicals or decaying



organic matter such as animal waste or sewage. Con-
centrations of nitrate (as nitrogen) between 3.1 and 10
mg/l may indicate elevated concentrations of nitrate
resulting from human activity (Madison and Brunett,
1984). Wells containing these levels are found mainly
in the Whitewater Valley Aquifer System, which has
been designated as highly susceptible to contamination
(Indiana Department of Environmental Management,
[1986]).

Four domestic wells sampled in the basin contained
nitrate (as nitrogen) levels greater than 10 mg/l, the
maximum contaminant level for public water supplies
(app. 7; also see table 12). Three of the wells are
located in the Whitewater Valley System and one well
is located in the Ordovician Aquifer System (fig. 28).
Insufficient grouting or infiltration of contaminated
water through fractures in the 25-foot till cover may
account for high nitrate (as nitrogen) concentrations
in the Ordovician well.

Median concentration values of nitrate (as nitrogen)
are greatest for ground water in the Whitewater Valley
and Dearborn Aquifer Systems. Median values for the
Wayne-Henry, Fayette-Union, and Silurian Systems
are all less than the detection limit of 0.02 mg/1 (fig.
25). In general, average nitrate (as nitrogen) concen-
trations are higher for shallow wells than deep wells,
probably because deep ground water is protected from
surface contamination by overlying materials.

Natural sources of fluoride in ground water include
clay minerals, apatite, and fluorite. In the wells
sampled, fluoride concentrations did not exceed the
maximum contaminant level of 4 mg/I (table 12), ex-
cept in one well in the Whitewater System which had
an anomalously high concentration of 4.7 mg/l. Me-
dian values were highest in the Silurian (0.7 mg/l) and
Wayne-Henry (0.6 mg/l) Aquifer Systems. The re-
maining aquifers had median values which range from
0.2 to 0.4 mg/l.

Natural sources of barium in ground water include
the minerals barite and witherite. In wells sampled,
barium concentrations did not exceed the maximum
contaminant level of 1.0 mg/l except in one well in
the Silurian Aquifer System which had a concentra-
tion of 1.6 mg/l. Median concentration values for
barium for the Wayne-Henry, Fayette-Union, and
Silurian Aquifer Systems are all 0.2 mg/l. The remain-
ing systems have median values below the detection
limit of 0.1 mg/l.
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Ground-Water Contamination

A ground-water supply that otherwise would be plen-
tiful can be diminished by contamination from man’s
activities. As defined by the Indiana Department of En-
vironmental Management [1986], contamination oc-
curs when concentrations of chemicals exceed public
drinking-water standards, proposed standards, or
health protection guidance levels from the U.S. En-
vironmental Protection Agency (USEPA). To protect
Indiana’s ground water resource, officials of the
USEPA, IDEM, and Indiana State Board of Health are
working in a cooperative effort for prevention, detec-
tion, and correction of ground-water problems in
Indiana.

One important step in developing a ground-water
management and protection program is identifying
geographic areas most susceptible to ground-water con-
tamination. The IDEM has designated 11 counties in
Indiana, including Wayne County, as geographic areas
where ground-water protection may be most needed.
Screening criteria used to identify Wayne County in-
clude: 1) the susceptibility of the Whitewater Valley
Aquifer System to contamination; 2) the presence of
11 public water wells and nearly 28,500 private wells;
3) the potential for significant increases in water use;
4) ground-water contamination sites; and 5) the
presence of potential sources of contamination. Poten-
tial contamination sources identified by IDEM include
40 hazardous waste treatment, storage, and disposal
facilities; two sanitary landfills; hazardous material
spills (38 of which were documented by IDEM in
1985-86); and two abandoned hazardous waste disposal
sites on the U.S. Environmental Protection Agency’s
Superfund Inventory list.

Since 1981, the USEPA has been conducting a
survey of 26 volatile organic compounds in Indiana’s
public ground-water supplies serving more than 25
customers. Volatile organic compounds are a broad
class of synthetic chemicals used commercially as
degreasing agents, paint thinners, varnishes, glues,
dyes, and pesticides which can contaminate ground
water if improperly disposed. In the Whitewater River
Basin, detectable levels of at least one VOC were found
in six public water supplies in Wayne, Union, and
Franklin Counties (Indiana Department of En-
vironmental Management, [1986]). If the levels were
a risk to public health, corrective action was taken;
otherwise, levels are continuing to be monitored.



WATER USE AND PROJECTIONS

EXISTING WATER USE

Indiana’s Water Resource Management Act requires
owners of significant water withdrawal facilities to
register these facilities with the Natural Resources
Commission through the Department of Natural
Resources, Division of Water and to report annual
water usage. ‘‘Significant’” facilities are those capable
of withdrawing 100,000 gallons per day of surface
water, ground water, or surface and ground water
combined.

The Division of Water recognizes six water use
categories for registered facilities: public supply, ir-

Table 13. Total water use by category

{All values in million gallons per day; no basin facilities
are registered in the energy production, rural, and
miscellaneous categories.}

Public
County! Year | supply | Industrial| Irrigation
Dearborn 1985 0.32 0.24 0
1986 0.35 0.25 0
Decatur 1985 0.04 0.04 0
1986 0.05 0.05 0
Fayette? 1985 4.22 0.02 0.01
1986 4.46 0.03 0
Franklin 1985 0.77 0.29 0
1986 0.80 0.28 0
Henry 1985 0.12 0 0
1986 0.12 0 0
Randolph 1985 0.11 0 0
1986 0.10 0 0
Union 1985 0.13 0 0
1986 0.13 0 0
Wayne 1985 7.91 1.67 0
1986 8.10 1.84 0
Total® 1985 13.62 2.26 0.01
1986  14.11 2.45 0.00

'Rush and Ripley Counties have no registered facilities
within the Whitewater Basin boundary.

2The irrigator in Fayette County used 0.001 mgd in 1986.

3The 1986 total for all uses combined does not equal the
total in table 14 due to round-off differences.
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rigation, industrial, rural, energy production, and
miscellaneous. As table 13 shows, the 44 registered
facilities in the Whitewater Basin withdrew a total of
16.56 mgd in 1986. About 85 percent (14.11 mgd) of
the total withdrawals in 1986 were for public supply
uses, and about 15 percent (2.45 mgd) were for in-
dustrial uses.

Non-registered withdrawals, which primarily include
domestic self-supplied uses and livestock operations,
accounted for 6.41 mgd. Hence, registered and non-
registered water withdrawals in the Whitewater Basin
totaled nearly 23 mgd in 1986.

Fig. 29 shows the locations of the 44 facilities
registered in the basin as of July 1987. The figure also
shows the number of wells or intakes, the total
withdrawal capability, and the reported 1985-86 usage
for each facility. Reported water use is determined by
metering devices, the multiplication of pump capacity
and total time of pumpage, or by other methods ap-
proved by the Division of Water.

The term ‘‘withdrawal capability’’ represents the
amount of water which could theoretically be
withdrawn if all pumps were operating at their rated
capability 24 hours a day. Because few if any facilities

Figure 30. Comparison of 1986 water use
with registered capability
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Table 14.

{All values in million gallons per day.}

Total water withdrawal capability and use for all categories combined

Withdrawal capability

Reported use

No. of | Ground | Surface Ground | Surface
County Year | facilities| water water | Combined | water water | Combined
Dearborn 1985 2 3.60 0.00 3.60 0.56 0.00 0.56
1986 2 3.60 0.00 3.60 0.60 0.00 0.60
Decatur 1985 2 0.11 3.02 3.13 0.04 0.04 0.08
1986 2 0.1 3.02 3.13 0.04 0.05 0.09
Fayette 1985 7 15.34 0.86 16.20 4.23 0.02 4.25
1986 7 15.34 0.86 16.20 4.46 0.03 4.49
Franklin 1985 7 7.75 0.72 8.47 1.01 0.05 1.06
1986 7 8.61 0.72 9.33 1.05 0.02 1.07
Henry 1985 1 0.86 0.00 0.86 0.12 0.00 0.12
1986 1 0.86 0.00 0.86 0.12 0.00 0.12
Randolph 1985 1 0.65 0.00 0.65 0.1 0.00 0.11
1986 1 0.65 0.00 0.65 0.10 0.00 0.10
Union 1985 2 1.24 0.00 1.24 0.13 0.00 0.13
1986 2 1.24 0.00 1.24 0.13 0.00 0.13
Wayne 1985 21 18.99 23.18 42.17 4.96 4.62 9.58
1986 21 18.99 23.18 4217 5.32 4.62 9.94
Basin total 1985 43 48.54 27.78 76.32 11.16 4.73 15.89
1986 43 49.40 27.78 7718 11.82 4,72 16.54
in the basin operate in this manner, reported use con-
stitutes only a small percentage of the total withdrawal
capability, as fig. 30 illustrates.

Table 14 summarizes, by water source, the
withdrawal capability and reported use by registered
facilities in 1985-86. As the table shows, ground water

MGD was the source of 11.82 mgd, or 71 percent of all water

Figure 31. Total water use by source

withdrawn by registered facilities in 1986 (also see fig.
31). Eighty-three percent of ground-water withdrawals
occurred within Wayne and Fayette Counties, pri-
marily for public supply uses. Surface water was the
source of 4.72 mgd of total registered withdrawals in
1986. Ninety-eight percent of surface-water
withdrawals occurred in Wayne County (table 14),
mainly for public supply and industrial uses.

Of the water withdrawn for various uses, a portion
is generally returned to a ground- or surface-water
system. However, a portion of the withdrawn water
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may be evaporated, transpired by plants, incorporated
into a product, or otherwise made unavailable for re-
use within a short time period. The greater the amount
of water consumed, the greater the potential for signifi-
cant impacts on surface- or ground-water levels.
The percentage of withdrawn water that is consumed
depends on the type of water use. Irrigation, livestock
watering, and domestic self-supplied uses consume 80
to 100 percent of the utilized water. Public supply and
industrial uses generally consume only 5 to 25 percent.

Table 15. Types of public water supply

utilities
County Name Type
Dearborn  Tri-Township Water Corp. Rural
Decatur Santee Utilities, Inc. Subdivision
Fayette Pleasant View Subdivision
Everton Water Corp. Rural
Connersyville Utilities Municipal
Franklin Brookville Water Works Municipal

Brookville Reservoir —
Franklin County Water Assn. Rural

Laurel Water Works Municipal

Oldenburg' Municipal
Randolph  Lynn Water Works Municipal

L&M Regional? Rural
Union Corporation of Liberty Rural

Whitewater State Park —

Wayne Centerville Municipal
Fountain City Municipal
Northeastern Wayne Schools —
Hagerstown Municipal
Cambridge City Municipal
Milton Water Works Municipal

Indiana-American Water Co. Municipal
(Richmond District)
Dublin?® Municipal

'Oldenburg purchases water from Batesville, which lies
outside the basin boundary.

Wells located just outside the basin boundary supply
residents of Losantville and Modoc, which both lie within
the basin.

*Wells are located in Henry County.
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Registered Use Categories

Public supply withdrawals accounted for about 85
percent of the total water use in the Whitewater Basin
in 1986. The public supply category includes
withdrawals by public and private water utilities for
domestic (household), industrial, and commercial pur-
poses. Public supply systems include rural as well as
municipal water supply systems. As defined by the
Division of Water, public supply also refers to mobile
home parks, schools, conservancy districts, not-for-
profit organizations, and other facilities which have
their own water supplies (usually wells) and which use
water primarily for drinking water, washing, cooking,
and sanitary purposes.

Of the 22 public water supply utilities in the
Whitewater Basin, more than half have been identified
by the Division of Water as municipal utilities (table
15). Five utilities considered as rural utilities serve
residences along rural roads. Two subdivision utilities
serve residences within a single development. Three
utilities do not fit any of these major categories (table
15).

In some cases, public systems may purchase and/or
supply water across the basin boundary. Oldenburg
Water Works purchases water from outside the
Whitewater Basin; hence, withdrawals for public sup-
ply uses are not included in water use computations
for this report. Withdrawals by L & M Regional are
not included because the wells which supply Losant-
ville and Modoc are located outside the basin boun-
dary. Tri-Township Water Corporation derives its
water from inside the basin boundary but supplies some
of the water to non-basin residents. These inter-basin
water transfers affect less than four percent of the
population served by public water suppliers within the
Whitewater Basin.

In 1986, public supply uses in the Whitewater River
Basin averaged 14.11 mgd, or approximately 28 per-
cent of the total withdrawal capability (table 16). Five
registered facilities in Wayne, Fayette, and Franklin
Counties accounted for 88 percent of reported public
supply uses in 1986 (fig. 32).

Seventy-three percent of the water withdrawn by all
public supply registrants in 1986 was derived from
ground-water sources. The remaining 27 percent of
public supply water was used by the city of Richmond
and was withdrawn from Middle Fork Reservoir.

Water purchased at Brookville Lake by the Franklin
County Water Association is registered as a ground-
water use, even though a water-supply contract with
the Indiana Department of Natural Resources considers



62

Table 16.

{All values in million gallons per day.}

Water withdrawal capability and reported use for public supply

Withdrawal capability

Reported use

Ground Surface Ground Surface
County Year water water Combined water water Combined
Dearborn 1985 2.59 0 2.59 0.32 0 0.32
1986 2.59 0 2.59 0.35 0 0.35
Decatur’ 1985 0.11 0.14 0.25 0.04 0 0.04
1986 0.11 0.14 0.25 0.05 0 0.05
Fayette 1985 14.75 0 14.75 4.22 0 4.22
1986 14.75 0 14.75 4.48 0 4.46
Franklin 1985 4.02 0 4.02 0.77 0 0.77
1986 4.88 0 4.88 0.80 0 0.80
Henry 1985 0.86 0 0.86 0.12 0 0.12
1986 0.86 0 0.86 0.12 0 0.12
Randoliph 1985 0.65 0 0.65 0.11 0 0.11
1986 0.65 0 0.65 0.10 0 0.10
Union 1985 1.24 0 1.24 0.13 0 0.13
1986 1.24 0 1.24 0.13 0 0.13
Wayne 1985 14.76 10.80 25.56 410 3.81 7.91
1986 14.76 10.80 25.56 4.33 3.77 8.10
Basin total 1985 38.98 10.94 49,92 9.81 3.81 13.62
1986 39.84 10.94 50.78 10.34 3.77 14.11

'A public supply registrant in Decatur County used a total of 0.004 mgd of surface water in 1985-86.

8
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Figure 32. Public water supply use for
selected municipalities

the use to be met by surface water from the reservoir.
This contractual arrangement is based on the assump-
tion that the reservoir enhances the production capa-
bility of the underlying aquifer system which supplies
the utility’s two wells.

Industrial water use refers to process water, waste
assimilation, dewatering, and some cooling and
mineral extraction uses. Under the Division of Water’s
categorization system, industrial use includes
withdrawals by companies who develop their own
water supplies. If an industry also purchases water
from a public supply utility, only the water withdrawn
from the industry’s private water supply would be
classified as industrial use. The amount purchased from
the utility would be included in the public supply
category.

In 1986, industrial self-supplied water use averaged
2.45 mgd, or approximately 9 percent of the total
withdrawal capability (table 17). Of the total amount



Table 17.

Water withdrawal capability and reported use for industry and irrigation

{Ali values in million gallons per day; values are for industrial use unless denoted as irrigation (IR).}
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Withdrawal capability

Reported use

Ground Surface Ground Surface
County Year water water Combined water water Combined
Dearborn 1985 1.01 0 1.01 0.24 0 0.24
1986 1.01 0 1.01 0.25 0 0.25
Decatur 1985 0 2.88 2.88 0 0.04 0.04
1986 0 2.88 2.88 0 0.05 0.05
Fayette 1985 0.26 0.86 1.12 0 0.02 0.02
1986 0.26 0.86 1.12 0 0.03 0.03
Fayette' (IR) 1985 0.33 0 0.33 0.01 0 0.01
1986 0.33 0 0.33 0 0 0
Franklin 1985 3.73 0.72 4.45 0.24 0.05 0.29
1986 3.73 0.72 4.45 0.26 0.02 0.28
Wayne 1985 3.54 12.38 15.92 0.86 0.81 1.67
1986 3.54 12.38 15.92 0.98 0.86 1.84
Wayne (IR) 1985 0.69 0 0.69 —2 0 —2
1986 0.69 0 0.69 —2 0 —2
Total 1985 9.56 16.84 26.40 1.34 0.92 2.26
1986 9.56 16.84 26.40 1.49 0.96 2.45
Total (IR) 1985 1.02 0 1.02 0.01 0 0.01
1986 1.02 0 1.02 0 0 0

'"The irrigator in Fayette County used 0.001 mgd in 1986.

20f the two registered irrigation facilities in Wayne County, one was not required to report 1985 or 1986 usage and the

other did not utilize his irrigation equipment in 1985 or 1986.

of water used, 61 percent was derived from ground
water and 39 percent from surface water. About three-
fourths of the registered industrial self-supplied water
usage occurred in Wayne County, primarily in or near
the city of Richmond. More than half of the industrial
withdrawals in the basin are for sand and gravel
operations.

Of the three registered irrigation facilities in the
basin, two are golf courses in Fayette and Wayne
Counties and the third is an agricultural irrigator in
Wayne County. For 1986, irrigation water use
averaged only 0.001 mgd for the entire year (table 17),
and was reported for only one golf course.

As of July 1987, no facilities had registered in the
energy production, rural, or miscellaneous

categories. During the interim between the compila-
tion of water use data and report publication however,
an energy production facility in Richmond was
registered.

Energy Production includes any self-supplied water
withdrawal related to the energy production process,
such as coal preparation, oil recovery, cooling water,
mineral extraction, power generation, heating/air con-
ditioning, and dewatering. Rural usage by registered
facilities includes water withdrawals by fish hatcheries
and large-scale livestock operations. (Non-registered,
self-supplied domestic withdrawals are not categorized
as rural uses, unlike an earlier classification utilized
by the Governor’s Water Resource Study Commission,
1980). Miscellaneous usage includes water withdrawn
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Table 18. Estimated 1985 domestic self-

supplied water use

{All values in million gallons per day.}

Self-supplied
County population Use
Dearborn 3,789 0.28
Decatur 1,226 0.09
Fayette 6,333 0.47
Franklin 11,856 0.87
Henry 5,739 0.44
Randolph 3,902 0.30
Ripley 1,199 0.09
Rush 641 0.05
Union 3,595 0.26
Wayne 16,775 1.28

Basin total 4.13

for fire protection and for recreational purposes such
as water slides and snow-making.

Non-Registered Uses

Domestic self-supplied refers to water users who
obtain water from private water wells rather than from
public supply systems. Table 18 lists the estimated
domestic self-supplied water withdrawals for 1985.
(Withdrawals for 1986 are nearly identical, and hence
are not included.) The values were obtained by
multiplying the estimated self-supplied population
within the basin portion of each county by a calculated
average daily usage per person of 76 gallons or 74
gallons, depending on the particular county (Indiana
Department of Natural Resources, 1982a). As table 18
shows, about half of the domestic self-supplied water
withdrawals occur in Wayne and Franklin Counties.

Livestock water use (table 19) has been determined
by multiplying the estimated population of a particular
livestock category by an estimate of the amount of
water consumed daily per animal (Indiana Department
of Natural Resources, 1982a). Almost 81 percent of
the water for livestock was utilized by beef cattle and
hogs.

Instream (non-withdrawal) uses primarily include
recreation and fish and wildlife habitat. Other instream
uses include waste assimilation, navigation, and
hydroelectric power generation.

Table 19. Estimated livestock water use

by livestock category

{Water use values in million gallons per day.}

Livestock Estimated population Total
category within basin use
Beef cattle 78,600 0.90
Dairy cattle 10,200 0.23
Hogs 234,600 0.94
Chickens 191,900 0.19
Sheep 5,100 0.01
Turkeys 37,400 0.01

Basin total 2.28

Water-based recreational activities in the Whitewater
River Basin are primarily available in the vicinity of
Brookville Lake, a multi-purpose reservoir in Union
and Franklin Counties. The Brookville Lake dam and
tailwater area is managed by the U.S. Army Corps of
Engineers, but the reservoir itself and 11,200 acres sur-
rounding it are managed by the IDNR. Recreational
facilities at Brookville Lake include boat launching
ramps, camp grounds, picnic areas, a swimming beach,
a tailwater fishing area, and other facilities. Two large
state recreation areas (Mounds and Quakertown) and
smaller recreation areas along the shoreline provide
a wide range of outdoor opportunities. A variety of
activities is also available at Whitewater Memorial
State Park, which is located on the northeast side of
the reservoir along Silver Creek. Nearly all of these
recreational areas offer easy access to good fishing
waters.

Brookville Lake has become an important fishery in
Indiana. The reservoir has one of the state’s best
walleye fisheries, supports the only population of
striped bass, and is one of only two places where pure-
bred muskellunge is stocked. The lake can support sup-
plemental stockings of these predators because of its
deep, cool water and abundant forage. Due to the large
populations of these three fish, the reservoir is also used
for broodstock collections.

Large naturally-reproducing populations of white
crappie, white bass and channel catfish are present in
Brookville Lake, in addition to populations of bluegill,



largemouth bass, and smallmouth bass. A put-and-take
trout fishery is maintained by IDNR in the tailwaters
of the reservoir. The East Fork Whitewater River
upstream of Brookville Lake provides very good
fishing for white bass and walleye during annual spring
spawning runs.

The Whitewater River in Franklin County is not only
heavily used for canoeing, but also supports an ex-
cellent sport fishery. At least 41 species of fish have
been identified in recent fisheries surveys. These in-
clude smallmouth, rock and largemouth basses, flat-
head and channel catfish, crappie, sunfish, bullhead,
madtom and stonecats, sculpin, suckers, shad, gar,
paddlefish, American eel and numerous minnows,
shiners and darters. Trout from the put-and-take stock-
ings may be present at times.

Some of the fish in Whitewater Lake include black
crappie, bluegill, largemouth bass, and sunfish. Mid-
dle Fork Reservoir near Richmond contains white crap-
pie, bluegill, channel catfish, white sucker and
largemouth bass. Tiger muskellunge have been stock-
ed in recent years by the IDNR.

A 28-mile segment of the Whitewater River in
Franklin County has been recommended for inclusion
in Indiana’s Natural, Scenic, and Recreational Rivers

Table 20.  Public water supply projections

{All values in million gallons per day.}

County 1985" 1990 2000
Dearborn 0.32 0.40 0.55
Decatur 0.04 0.05 0.07
Fayette 4.22 4.20 412
Franklin 0.77 0.84 0.99
Randolph? 0.13 0.15 0.17
Union 0.13 0.14 0.16
Wayne?* 7.39* 7.64 8.20
Total 13.00° 13.42 14.26

'Reported use.

?Includes withdrawals from L&M Regional.

*includes withdrawals from the town of Dublin, whose
wells are located in Henry County.

‘Reported 1985 withdrawal for Wayne County was 8.03
mgd, 0.62 mgd of which was not used.

*Reported 1985 withdrawal for the basin was 13.62 mgd.
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System (Indiana Department of Natural Resources,
1986b). River segments included in the system are at
least partially protected from detrimental impacts
resulting from development and construction projects.
Although the segment has not been designated by the
Indiana Natural Resources Commission, the IDNR is
continuing to work with riparian landowners and the
local planning commission on matters involving the
river.

WATER USE PROJECTIONS
Registered Use Categories

As mentioned in a previous section, there are 22
public supply utilities in the Whitewater Basin, in-
cluding Oldenburg, which purchases its water from
Batesville. Table 20 presents the 1985 reported
withdrawals and the projected withdrawals for the
years 1990 and 2000.

Unlike table 16, table 20 includes reported and pro-
jected withdrawals for L & M Regional, which lies
within the basin in Randolph County but derives its
water from wells lying outside the basin boundary. In
addition, table 20 includes reported and projected
withdrawals for Dublin in the values for Wayne
County, even though Dublin’s wells are located in
Henry County. Furthermore, because a portion of the
ground water withdrawn by one of Richmond’s three
water treatment plants is returned to the East Fork
Whitewater River, table 20 shows reported and pro-
jected use for Wayne County rather than total
withdrawals.

As table 20 shows, the projected withdrawals are in-
creasing in all counties except Fayette. Withdrawals
in Fayette County are decreasing primarily because the
projected daily consumption per person (gallons per
capita per day) appears to be decreasing.

Although the population of Wayne County is
decreasing, increases in public water supply use are
projected for this county because the rate of growth
of the per capita consumption is larger than the rate
of decline in population.

Because Richmond is the largest city in the basin,
its public water supply use was projected to the years
1990 and 2000. Water use was projected to be 5.94
mgd in 1990 and 6.37 in the year 2000.

Projections were also made for Batesville because
it supplies water to Oldenburg, which lies just inside
the basin boundary. Water use in Batesville, which
totaled 1 mgd in 1985, is expected to increase to 1.17
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Table 21. Industrial water use projections

{All values in million gallons per day.}

County 19851 1990 2000
Dearborn 0.24 0.27 0.28
Decatur 0.04 0.05 0.05
Fayette 0.02 0.02 0.02
Franklin 0.29 0.31 0.28
Wayne 1.67 1.86 1.89
Total 2.26 2.51 2.52

TReported use.

mgd by 1990 and 1.51 mgd by 2000. In a study of
water supply in southeast Indiana (Indiana Department
of Natural Resources, 1983), Batesville was reported
to have a water supply capacity of 2 mgd. A recon-
naissance in 1987 by the Division of Water for a future
hydrographic survey indicates that only slight sedimen-
tation has occurred in Batesville’s water supply reser-
voirs. Hence, any reduction of this reported water
supply capacity is assumed to be minimal.
Industrial self-supplied use, as defined by the Divi-
sion of Water, mainly comprises manufacturing pro-
cesses. However, the industrial category also includes
water uses for mineral extraction processes not related

Table 22. Industrial water use projections by

industry type

{All values in million gallons per day.}

SIC! | Industry 19852 | 1990 | 2000
30 Rubber, misc. plastics 0.18 0.18 0.15
33 Primary metal products 0.15 0.18 0.20

34 Fabricated metal products 0.16 0.19 0.18
35 Machinery, except electrical 0.55 0.60 0.59
14 Mining (sand and gravel) 121 135 1.38

Other 0.01 0.01 0.02

Total 226 251 252

1Standard industrial classification code.
2Reported use.

to energy production (for example, sand and gravel
operations).

Industrial self-supplied water use projections in
tables 21-23 were derived from data of the U.S. Bureau
of Census (1958, 1963, 1971, 1975, 1981, 1984b and
1986) and the U.S. Bureau of Economic Analysis
(1985a and 1985b). Table 21 presents the reported and
projected water withdrawals for industry in the
Whitewater Basin. As table 22 shows, mining (pri-
marily sand and gravel excavation) accounts for more
than half of the withdrawals by industry. Table 23
presents reported and projected withdrawals for in-
dustries in and near Richmond.

Irrigation development is influenced by many fac-
tors, such as soils, topography, water availability,
pumping distance, energy costs, crop prices, rainfall,
length of growing season, and the availabilty of labor,
parts, and repairs. An evaluation of soils, topography,
and water availability indicates that there is little poten-
tial for significant increases in agricultural irrigation
within most of the Whitewater Basin. Regions near the
major streams, roughly coinciding in areal extent with
the Whitewater Valley Aquifer System (pl. 3), may

have a greater potential for irrigation of traditional row
Crops.

Non-Registered Uses

Projections for domestic self-supplied water uses
are shown in table 24. Although withdrawals are ex-
pected to decrease in Wayne County as the self-

Table 23. Industrial water use projections for

Richmond

{All values in million gallons per day.}

SIC! | Industry 19852 | 1990 | 2000

33 Primary metal products 0.15 0.18 0.20
34 Fabricated metal products 0.16 0.19 0.18
35 Machinery, except electrical 0.30 0.33 0.33
14 Mining (sand and gravel) 0.81 0.90 0.92

Total 142 1.60 1.63

1Standard industrial classification code.
2Reported use.
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Table 24. Domestic self-supplied water use
projections

{All values in million gallons per day.}

County 1985' 1990 2000
Dearborn 0.28 0.29 0.32
Decatur 0.09 0.09 0.08
Fayette 0.47 0.48 0.49
Franklin 0.87 0.91 0.99
Henry 0.44 0.44 0.43
Randolph 0.30 0.30 0.31
Ripley 0.09 0.09 0.10
Rush 0.05 0.05 0.04
Union 0.26 0.26 0.27
Wayne 1.28 1.25 1.22
Total 4.13 4.16 4.26

1Estimated current use.

supplied population decreases, withdrawals in other
counties are expected to increase slightly or remain
fairly stable.

Table 25 shows estimates of instream uses and needs
for six water-related activities for 1990 and 1995.
These estimates were derived from surveys taken in
1976 (Indiana Department of Natural Resources,
1979). As the table shows, there are projected short-
ages in boating, swimming, fishing, and ice skating
needs, and projected surpluses in canoeing and water
skiing needs.
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AVAILABLE WATER SUPPLY
AND FUTURE DEVELOPMENT
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A theoretical maximum water supply potential for
the basin may be estimated using monthly discharges
to derive average long-term total runoff. These figures
give a general idea of the amount of precipitation which
falls on the basin and is not used consumptively on a
long-term basis.

The runoff volumes in the second column of table
26 were generated for the Indiana portion of the
Whitewater River Basin, a total drainage area of 1329
sq. mi. The values are based on the 10 years of monthly
discharge data collected at the gaging station on
Whitewater River at Brookville for the post-reservoir
period 1975-84.

As discussed previously in this report, the impound-
ment of Brookville Lake has changed the within-year
distribution of flows. It was also shown that the average
discharge is estimated to have been reduced by 2.5 per-
cent as a result of the impoundment.

Because the monthly and yearly averages based on
only 10 years of post-reservoir data have very limited
value for planning purposes, an estimate of the long-
term (62-year) average discharge for the existing (post-
reservoir) condition was made by reducing the long-
term pre-reservoir average basin runoff by 2.5 percent
and then adding the post reservoir data to the adjusted
series. The total yearly long-term average basin runoff
of 319.9 billion gallons thus found was then distributed
into monthly values according to observed monthly
distribution of the post-reservoir data. These values are
given in the third column of table 26.

The underlying assumption for derivation of long-
term post-reservoir estimates is that the effect of
Brookville Lake operation on downstream flows could
be assumed to remain almost the same for wetter or
dryer periods as compared to the 1975-84 period. It
should be emphasized that the listed potential monthly
supplies represent long-term average values. During
dry years, when consumptive demands are at high
levels, the available water supplies can be significantly
less than average.

Water in the basin may be used and reused many
times before it is lost to evaporation or as outflow from
the basin. As long as the water is not used consump-
tively and the quality of the resource is not altered to
the point that it becomes unsuitable for some purposes,
there are very few limitations on total water use.
However, constraints on water use in a particular loca-

Table 26. Mean monthly runoff volumes

for Whitewater River at
Brookville

{All values in billion gallons.}

Runoff volume

Month 10-year average' |  62-year average?
April 39.3 36.6
May 37.0 34.5
June 19.9 18.5
July 17.8 16.6
August 19.7 18.3
September 8.0 7.4
October 14.8 13.8
November 23.6 22.0
December 34.4 320
January 33.1 30.8
February 41.0 38.1
March 55.1 513
Total yearly 343.7 319.9
1975-84

21916-17, 1924-73, 1975-84

tion may result from its competing value for the
maintenance of reservoir levels, for recreation, for sup-
port of aquatic life, for the availability of supply for
downstream domestic and industrial water users, and
for the provision of assimilative capacity for thermal
loadings and wastewater treatment plant effluents.

It is important to note that future developments which
cause increased consumptive use would not only reduce
the total yearly long-term average value in table 26,
but also would usually modify the hourly, daily,
monthly, and even yearly distribution of the remain-
ing theoretical upper limit of available supplies,
depending on the nature of the project.

SURFACE-WATER AVAILABILITY
Significant Surface-Water Sites

An important aspect of water resource management
is the identification of sites where there will be growth
in demand for surface water or where surface water
supply may be developed. Also important is the iden-
tification of sites where shortages may occur.
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A significant surface-water site is a location where
there is one or more of the following conditions: 1)
a relatively large supply; 2) a relatively large demand;
or 3) an insufficient water supply.

Four sites have been selected in the Whitewater
River Basin (see fig. 33). Middle Fork Reservoir (site
16) has been selected as a significant site because it
supplies Richmond, Indiana, the largest city in the
Whitewater Basin, with about 60 percent of its water.
The reservoir with its large supply and demand was
thus investigated to determine its safe yield.

Although the West Fork of the East Fork Whitewater
River (site 17) has not been developed as a supply for
Richmond, it could be developed for that purpose and
therefore was investigated as a significant site.

Brookville Lake, the third significant site (site 25)
is the largest reservoir in the Whitewater Basin and
is significant because of its large water supply. Prior
to construction of the reservoir, the State of Indiana
entered into an agreement with the U.S. Government
to purchase the 89,300 acre-feet of water stored be-
tween elevations 713 feet m.s.l. and 740 feet m.s.1.
for sale to any interested party. Contracts and rates
charged are negotiated and administered by the Indiana
Department of Natural Resources.

The fourth significant site is Salt Creek near Olden-
burg (site 13) which is in an area of the Whitewater
Basin that has little ground water. Salt Creek was in-
vestigated as a source of water supply because of its
proximity to Batesville, which lies just beyond the basin
divide and which has water treatment facilities.

Safe Yield
Reservoirs

To plan for the future use of surface water, the
dependability of the supply must be known. The yield
of a water supply is the amount of water that is
available for use during some period of time, such as
a day, a month, or a year. The safe yield of a reser-
voir has been defined as the minimum yield during the
life of the reservoir (Linsley and others, 1982).
Typically, safe yield is determined as the minimum
yield during the worst dry period of record.

The concept of safe yield is misleading, however,
because there is some probability that a period drier
than the worst of record will occur. Even if a reser-
voir could be built large enough to always supply a
guaranteed minimum yield, its cost might be unaccept-
ably high.

A better approach to specifying the dependability of
a water supply is to specify the probability of supply-
ing the required demand during the life of the reser-
voir. The dependability of a reservoir of a given
capacity will decrease as the level of demand increases.
For a specified level of dependability, the storage re-
quired increases as the level of demand increases.

The storage required to meet a specified demand
depends on the average stream flow, stream-flow
variability, the magnitude of the demand, and the
degree of dependability desired (see McMahon and
Mein, 1986). The higher the desired level of depend-
ability, the larger the reservoir needs to be. Depend-
ability is defined and discussed in app. 13.

Selection of a storage capacity which will satisfy
water demands of all users with the highest degree of
dependability is not usually warranted. For irrigation
requirements, the degree of dependability is usually
recommended to be in the range of 75 to 85 percent,
while for domestic and industrial water supply the
desired dependability is usually in the range of 95 to
98 percent. Considering the envisaged purposes of
water resources development in the Whitewater Basin,
the dependability level of 98 percent has been adopted
in the storage-yield analyses performed in this study.
This level of dependability corresponds to allowing no
deficits within a 50-year period of reservoir operation.

One way of determining the storage required is from
a mass curve or Rippl diagram. The mass curve is a
graph of the cumulative volume of inflow to the reser-
voir versus time and is derived from historical stream-
flow data. The worst dry period of record is usually
used to determine the storage required but the entire
period of record may also be used. The procedure is
to select a range of anticipated drafts (levels of demand)
and to determine the storage required for each draft.
The results can be plotted as a curve which relates
storage required to draft.

A computer program by Beik (1986) entitled YIELD
performs mass-curve analysis for the period of data
record at a given site. This program will determine the
storage required to meet a given level of demand
throughout a given period of record without allowing
any deficits. If desired, the program will also deter-
mine the storage required if one, two, or more years
of supply cut-backs during the life of the project can
be tolerated by some users. The YIELD program was
used to analyze the storage required for various drafts
for three sites in the Whitewater Basin.

Middle Fork Reservoir, (fig. 33, site 16, Qave =
32.2 mgd, DA = 47.2 sq. mi.) supplies about 60 per-
cent of Richmond’s water. The average water use dur-
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Figure 33. Surface-water availability



ing 1985 from Middle Fork was 3.8 mgd (5.9 cfs).

The original plan for Middle Fork Reservoir was to
build it in two phases. Phase One had a principal ogee
spillway with a crest elevation of 971 feet m.s.1. Phase
Two was a plan to add Tainter gates which would raise
the maximum elevation to 985 feet m.s.l. Phase Two
had not occurred as of 1986 and there is presently no
plan to install the Tainter gates.

The Surveying Section of the Division of Water com-
pleted a hydrographic survey of Middle Fork Reser-
voir in 1986. The soundings taken were used to develop
the depth curves of fig. 34. Information from this
survey was used to estimate the amount of sedimenta-
tion that had occurred since the reservoir was first put
into operation in 1961. The original storage at eleva-
tion 971 feet m.s.1. was 1010 million gallons (3095
acre-feet). The storage at this elevation in 1986 was
881.1 million gallons (2704 acre-feet). This means that
129 million gallons (391 acre-feet) have been lost to
sedimentation in 25 years of operation.

A series of monthly discharges for a period of 55
years was generated for the reservoir site based on the
records available for the Alpine stream gaging station
from 1929-84. Reservoir evaporation was assumed to
be about 3.13 feet per year based on data available for
Brookville Lake and different gages in the general area.
A dead storage volume of 255 mg (782 acre-feet) was
set aside for sediment accumulation in the next 50 years
of life of the reservoir. This value was based on the
average sedimentation rate of 5.16 mg/year (15.64
acre-feet/year) as observed in the past 25 years of
operation of Middle Fork Reservoir.

To find the capabilities of the existing Middle Fork
Reservoir and also evaluate the effects of adding the
Tainter gates to increase the usable reservoir storage,
a draft-storage relationship was calculated by running
the computer program YIELD successively for dif-
ferent assumed values of demand. The resulting values
given in the table 27 are the total storage values re-
quired at the site to meet the given level of demand
(draft) with no deficits allowed. These values include
active storage needed to regulate the supply, dead
storage needed for sediment accumulation, and storage
to account for evaporation losses.

Fig. 35 shows the above relationship in graphical
form. The so-called ‘‘draft-storage curve’’ enables one
to estimate the storage required at the site to maintain
a known demand with a predetermined dependability
(in this case, 98 percent dependability). Conversely,
the curve also enables one to estimate the expected
dependable yield of a reservoir with an assumed or
known storage capacity.
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Table 27. Draft-storage: Middie Fork
Reservoir
Draft Storage

cfs mgd ac-ft mg
5 3.2 980 319
7 45 2038 664
8 5.2 2609 850
8.2 5.3 2704 881
10 6.5 3771 1229
12 7.8 5199 1694
12.8 8.3 5800 1890

As fig. 35 and table 27 show, the existing total
storage capacity of 881 mg (2,704 acre-feet) in Mid-
dle Fork Reservoir can supply a dependable draft of
approximately 5.3 mgd (8.2 cfs) during the next 50
years of life of the project. Installation of the proposed
Tainter gates would increase the total storage to 1,890
mg (5,800 acre-feet) and increase the capability to
about 8.3 mgd (12.8 cfs).

The projected total water demand for the Richmond
area in the year 2000 is about 6.37 mgd. It is assumed
that 60 percent or 3.8 mgd will come from Middle Fork
Reservoir. The dependable yield of Middle Fork Reser-
voir (5.3 mgd) exceeds this projected surface-water de-
mand of 3.8 mgd for the year 2000.

The draft-storage analyses of the West Fork dam
site (fig. 33, site 17, Qave = 14.1 mgd, DA = 20.7
sq. mi.) was similar to the analysis of the Middle Fork
Reservoir. A series of monthly discharges for a period
of 55 years was generated for the site based on records
available for the Alpine Station from 1929 to 1984.
Reservoir evaporation was assumed to be about 3.13
feet per year. A dead storage volume of 112 mg (343
acre-feet) was set aside for sediment accumulation in
the next 50 years of life of the reservoir. This value
was based on an average sedimentation rate of 0.11
mg/sq. mi./year (0.33 acre-feet/sq. mi./year) as
observed in the past 25 years of operation of Middle
Fork Reservoir.

Table 28 presents the storage capacities required for
various drafts. The storage capacities include storage
for evaporation and sediment. Fig. 35 shows the draft-
storage relationship in graphical form. Installation of
Tainter gates would be a less costly way of increasing
supply to Richmond than constructing a new dam on
the West Fork.
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Batesville presently obtains its water supply from
nearby reservoirs and therefore has facilities for the
treatment of surface water. The Salt Creek site (see
fig. 33, site 13, Qave = 24.4 mgd, DA = 34.4 sq.
mi.) was chosen because the drainage area, excluding
the drainage area of Lake Santee, is relatively large
and is reasonably close to Batesville. The considered
dam site is approximately 1.5 miles from the channel
of Little Laughery Creek, which flows south past
Batesville. To treat the water from Salt Creek, the
water would have to be pumped from the reservoir over
the Whitewater Basin divide and into Little Laughery
Creek where it would then flow about 3 or 4 miles to
Batesville. The water would have to be lifted approx-
imately 165 feet from the reservoir to the basin divide.

Because there was no gaging station on Salt Creek,

Table 28. Draft-storage: West Fork of the
East Fork Whitewater River
Draft Storage

cfs | mgd ac-ft I mg

3 1.9 904 295

5 3.2 2163 705

7 4.5 3713 1210

9 5.8 5265 1715

10 6.5 6944 2262

monthly discharges from Laughery Creek near
Farmers Retreat were used in the YIELD program.
Laughery Creek was selected because of its hydrologic
similarity with Salt Creek. Unfortunately, the period
of record for the Laughery Creek station was only 32
climatic years. Therefore, the storage capacities were
adjusted to correspond to a dependability of 98 per-
cent by using stream-flow data from a nearby station
with a longer period of record.

Table 29 presents the draft-storage values for the Salt
Creek dam site. The storage set aside for sedimenta-
tion was 1000 acre-feet (326 million gallons) and an
evaporation rate of 3.13 feet per year was used. The
sedimentation rate used was taken from a report on
Brookville Lake (U.S. Army Corps of Engineers,
1978). The dead storage was rounded to 326 mg (1000
acre-feet).

Batesville has an existing water supply capacity of
about 2.0 mgd. Although the projected demand for the
year 2000 is only 1.5 mgd, the Salt Creek site could
provide an additional supply for both Batesville and
the surrounding area.

Fig. 36 shows the draft-storage curves for all three
sites in non-dimensional form. These curves were
developed by dividing active storage and drafts by the
mean annual discharge (average discharge) for each
site.

The curves for Middle Fork Reservoir and the West
Fork site coincide because the inflows were derived
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Table 29. Draft-storage: Salt Creek
Draft Storage
cfs | mgd ac-ft | mg
1 0.7 1310 427
3 1.9 2179 710
5 3.2 3456 1126
6 3.9 4565 1487
7 45 5939 1935
8 5.2 7590 2473

from the same station. The Salt Creek site curve is
above the other curve, indicating that the Salt Creek
site requires more storage per average flow than the
other two sites. Tributaries in the southern part of the
basin have more variable flow than northern tributaries
or the major northern rivers because of geologic and
topographic differences.

The draft-storage curve for an ungaged site may be
determined from a non-dimensional draft-storage curve
of a hydrologically similar basin by multiplying
selected pairs of values from the non-dimensional curve
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by the average discharge for the ungaged site.

The U.S. Army Corps of Engineers is responsible
for the maintenance and operation of the Brookville
Lake dam (site 25, Qave = 256 mgd, DA = 380 sq.
mi.). The Corps has a computer model to simulate the
operation of the reservoir. Using this computer model,
the Corps has determined that Brookville Lake has a
water supply capability of 90.5 mgd (140 cfs). This
value is in addition to any required downstream
releases. Again, this water supply capability cor-
responds to a dependability level of 98 percent (that
is, no deficits allowed within a 50-year period of
operation).

The Indiana Department of Natural Resources
presently administers only one contract which involves
the sale of water from Brookville Lake. This contract
with the Franklin County Water Association is unique
in that the water purchased is not withdrawn directly
from the reservoir but rather from two wells located
on the Fairfield causeway.

The wells are approximately 135 feet deep and utilize
an outwash aquifer system which is artificially
recharged by the reservoir. This situation results in a
higher productive capacity for the system than would
normally be anticipated. The contractual arrangement
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Figure 36. Non-dimensional draft — storage curves
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was made based on the assumption that the wells can
meet future water supply needs because of the reser-
voir’s existence and the associated recharge of the
underlying aquifer system by reservoir water.

Because the Division of Water’s registration system
for water withdrawal facilities only considers the type
of withdrawal, water use by the Franklin County Water
Association is registered and reported as a ground-
water use. According to annual reports, the utility
withdrew an average of 0.3 mgd in 1985 and 1986.
The utility currently is allowed to purchase up to an
annual average of 0.5 mgd.

In addition to the two Franklin County Water
Association wells, four other public supply wells
owned by the IDNR are located on or near the Fair-
field and Dunlapsville causeways. Because no direct
surface-water withdrawals are made for these public
supply uses or other registered uses, Brookville Lake
remains a largely underutilized source of water supply.

Streams

The dependability of a stream is the degree to which
stream flow is sustained by base flow during dry
periods. One measure of dependability is the 1-day,
30-year low flow (1Q30), because it is base flow and
because the 30-year return interval represents a
moderately dry period.

In order to compare stream-flow dependability
throughout the Whitewater Basin, the 1Q30 per square
mile of drainage area was computed for each of the
stream gages in the basin. As can be seen from table
30, the 1Q30 per square mile of drainage area varies
from gage to gage. This variation is due to the varia-
tion of base-flow rates along the length of each stream
in the basin.

In general, the 1Q30 per square mile decreases go-
ing downstream on the Whitewater River and its east
fork. The 1Q30 per square mile of the Whitewater
River at Hagerstown, Alpine, and Brookville is 0.092,
0.067, and 0.055 cfs/sq. mi., respectively (table 30).
The 1Q30 flow of the East Fork Whitewater River at
Richmond (0.013 cfs/sq. mi.) is low because of flow
regulation at Middle Fork Reservoir.

The 1Q30 per square mile flows of the major and
minor tributaries are smaller than those of the main
channels. Also, the 1Q30 per square mile flow is
smaller the farther south the tributary enters one of the
main channels. These differences are due to differences
in hydrogeology throughout the basin. There is less
outwash in the valleys of the minor tributaries. Also,
these tributaries have developed on till or on bedrock

in the southern part of the basin.

Stream flow is also more variable in the tributaries
than in the main channels and even more variable in
tributaries in the southern part of the basin. Streams
which have much variability in their daily discharges
have less sustained flow during dry periods and are
less dependable.

Strecams which have 7-day, 10-year low flows
(7Q10) and 1Q30 low flows equal to zero are not
dependable sources of water supply. The dashed line
in fig. 33 was taken from Arihood and Glatfelter
(1986). South of this line, 7Q10 and 1Q30 low flows
are expected to be zero. However, as can be seen in
table 30, there are also streams north of this line which
have 7Q10 and 1Q30 equal to zero.

Because of the poorly sustained stream flow in the
southern part of the basin, dependable sources of
surface-water supply would have to come from reser-
voirs on tributaries or from the Whitewater River. The
Whitewater River has previously been considered as
a source of water supply in another study (Indiana
Department of Natural Resources, 1983).

Wastewater Treatment Facilities

A wastewater treatment facility uses stream flow to
dilute its effluent. The level of treatment that must be
provided in order for the receiving stream to meet
water quality standards downstream of the facility is
determined in part by the magnitude of the 7-day,
10-year design flow at the point of wastewater
discharge. Therefore, the 7Q10 represents an instream
flow need for wastewater treatment facilities.

The wastewater treatment facilities are presented in
table 31 (see fig. 33) along with the stream-flow
parameters of the receiving streams. Significant
withdrawals from streams above a wastewater plant
could threaten stream quality below the plant if
withdrawals are large during periods of low stream
flow.

Presently, there are very few significant surface-
water withdrawals in the basin. It is important,
however, to monitor new withdrawals upstream of
wastewater plants to determine potential effects on
stream flow at the plant.

GROUND-WATER AVAILABILITY

Ground water in the Whitewater River Basin is
available from unconsolidated materials and from
bedrock. Water-bearing unconsolidated deposits are
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mainly composed of glacially-derived tills, lacustrine
clays, and outwash sands and gravels of pre-
Wisconsinan to Wisconsinan age. Ground water from
bedrock aquifers is primarily found in limestones and
dolomites of Ordovician or Silurian age.

The development potential or potential yield of an
aquifer depends on aquifer coefficients (transmissivity,
hydraulic conductivity, and storage), aquifer thickness,
areal extent, water levels, and recharge.

“‘Safe yield”’ is a term frequently used to describe
the amount of ground-water which can be withdrawn
without exceeding a given criteria. For example, safe
yield is often defined as an amount not exceeding
average annual natural recharge. However, safe yield
estimates based solely on natural recharge are conser-
vative because they ignore the effects that ground-water
development may have on the recharge capability of
an aquifer. For example, pumping ground-water from
an aquifer which is hydraulically connected to a river
may induce recharge to the aquifer through the
streambed. If the hydraulic connection is good, the
pumped water will eventually be derived from stream
flow reduction, in which case safe yield is limited by
an allowable reduction in stream flow.

Safe yield is also defined in terms of the maximum
pumpage which will avoid lowering water levels below
some predetermined level. For example, it may be
decided that for an unconfined aquifer, the maximum
allowable reduction in saturated thickness is 50 per-
cent. Analytical and numerical models can then be used
to estimate the amounts of water which can be pumped

at given locations without exceeding the 50 percent
reduction criterion.

Minimum ground-water levels may be established
by the Natural Resources Commission (IC 13-2-6.1).
If established, the minimum level criteria may govern
the safe yield of a given. ground-water withdrawal
facility.

Transmissivity Values

Transmissivity is a measure of the water-transmitting
capability of an aquifer. Expressed as the rate at which
water flows through a unit width of an aquifer,
transmissivity is obtained by multiplying the aquifer’s
hydraulic conductivity by its saturated thickness.

Transmissivity values in this report were obtained
by three methods. Aquifer test data yields the best
estimates of transmissivity. Fairly good estimates can
be obtained from specific capacity data (pumping rate
divided by drawdown) which has been adjusted for the
effects of dewatering and/or partial penetration of the
aquifer. Specific capacity data with unadjusted
drawdowns yields the least reliable estimates.

Fig. 37, which shows transmissivity values at various
locations in the Whitewater River Basin, is color-coded
to show which method was used to estimate each value.
The wide range of values is due partly to variations
in geologic materials and partly to the different methods
used to estimate transmissivity.

For comparative purposes, it is best to examine
transmissivity values of the same color category, thus

Table 31. Stream-flow characteristics at wastewater treatment facilities
1-day, 30-year| 7-day, 10-year
Area low-flow low-flow Average flow
Site'| Location Stream (sq mi) cfs mgd cfs mgd cfs mgd
27  Brookville E.F. Whitewater 382 15 9.7 20 12.9 396 256
4  Cambridge City Whitewater 88.1 5.0 3.2 7.0 45 101 65.3
8 Centerville Nolands Fork 61.7 0.99 0.64 1.7 11 70.5 456
9 Connersville Whitewater 443 30 19 38 25 467 302
2 Hagerstown Whitewater 29.6 1.6 1.0 2.3 15 33.8 21.8
12 Laurel Whitewater 578 43 28 53 34 608 393
23  Liberty UNT Silver Creek?® 0.17 0 0 0 0 NA2 NAZ
6 Lynn Mudd Creek 13.4 0.19 0.12 0.36 0.23 15.3 9.9
14 Oldenburg Harveys Branch 41 0 0 0 0 4.3 2.8
19  Richmond E.F. Whitewater 121 1.6 1.0 4.2 2.7 115 74

1Site locations in figure 33.

2NA - not available.

SUNT - unnamed tributary.
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eliminating one of the sources of variation. The
resulting comparison is based solely on differences in
the thickness and permeability of the water-bearing
formation.

Interpretation of a given transmissivity value is com-
plicated by the fact that transmissivity is the product
of hydraulic conductivity and saturated thickness.
Therefore, a given transmissivity value could result
from a thick sequence of relatively low-permeability
materials or from a thin sequence of relatively high-
permeability materials.

Recharge

Natural recharge rates for aquifer systems in the
Whitewater Basin have been estimated based on aquifer
geometry and hydrogeologic conditions. Applying
these rates across an aquifer system yields an estimate
of the total system recharge. Summing the totals for
each system gives an estimate of the recharge to the
entire basin. Using this method, the recharge to the
Whitewater Basin is estimated to exceed 178 mgd (table
32).

As table 32 shows, the estimated recharge rate of
500,000 gpd/sq mi for the Whitewater Valley Aquifer
System is several times greater than rates for other un-
consolidated systems. The presence of well-drained,
loamy soils and highly permeable sands and gravels
in the major river valleys permits substantial percola-
tion of rainfall-derived recharge. The hydraulic con-
nection between the major rivers and the underlying
outwash deposits also can permit temporary recharge
from streams during storm events.

The recharge rate for the Wayne-Henry Aquifer
System is about one-third that of the Whitewater
System due to the lower permeability of till sequences
overlying sand and gravel lenses. However, the
Wayne-Henry System covers an area four times that
of the Whitewater System. When the lower recharge
rate is applied across a much larger area, a greater total
recharge value is obtained (table 32).

Recharge rates for other unconsolidated systems are
estimated to be 100,000 gpd/sq mi for the Fayette-
Union System and 50,000 gpd/sq mi for the Dearborn
System. Recharge to bedrock will be less than that of
the overlying materials.

Development Potential

Sand and gravel outwash deposits of the Whitewater
River valley and its major tributary valleys are the most
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productive and dependable source of ground-water
supply in the Whitewater Basin. These deposits,
designated as the Whitewater Valley Aquifer System,
(pl. 3), have the highest recharge rate in the basin (table
32). The outwash sands and gravels are typically 25
to 75 feet thick and large-diameter wells can generally
yield up to 500 gpm.

Although the Whitewater System underlies less than
8 percent of the basin’s total area, about three-fourths
of the registered municipal and industrial facilities
utilize the system as a ground-water source. Approx-
imately 11 mgd, or more than 90 percent of the ground-
water used in the basin, was withdrawn from this
system in 1986.

Because of the large amount of storage in and
recharge to the Whitewater System, there is a signifi-
cant potential for further ground-water development
from this system. Much of the current ground-water
development has occurred in the Richmond and Con-
nersville vicinities. However, the development poten-
tial is also high to the south of Brookville, where the
outwash is particularly thick.

Where outwash deposits of the Whitewater Valley
Aquifer System are not present, intratill sand and
gravel lenses are a major ground-water source. These
lenses vary widely in depth and lateral extent, and are
usually not traceable beyond small areas. However,
intratill aquifers in the northern half of the basin are
the source of ground-water supply for nearly one
quarter of the basin’s registered municipal and in-
dustrial facilities.

Although well yields up to 150 gpm have been
reported in some northern areas of the basin, yields
from intratill aquifers typically range from less than
15 gpm in Wayne County to less than 2 gpm in
Franklin and Dearborn Counties. This decrease in
yields from north to south is primarily due to the thin-
ning and increased age of glacial deposits. Typical
aquifer thickness ranges from about 10 feet in northern
areas to less than 2 feet in the south.

The water-producing capability of the bedrock
aquifer systems generally decreases from the western
and northern basin margins, where Silurian bedrock
predominates, toward the southern and central areas,
where Ordovician bedrock is present (pl. 3). Bedrock
of the less productive Ordovician Aquifer System con-
tains more shale and has thinner-bedded strata with
multiple shale and limestone layers. Well yields from
bedrock also tend to decrease from north to south, pro-
bably due primarily to the thinning of unconsolidated
materials, which may act as a recharge reservoir for
the underlying bedrock.
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SUMMARY

In response to legislative directives contained in the
1983 Water Resource Management Act, the Indiana
Department of Natural Resources, Division of Water
published a report describing the availability, distribu-
tion, quality, and use of surface water and ground water
in the Whitewater River Basin, Indiana. The second
in a series of 12 regional investigations, this report pro-
vides hydrologic data and related information for plan-
ners, government officials, and others interested in the
state’s water resources.

The Whitewater River Basin drains 1329 square
miles in southeast Indiana and 145 square miles in
southwest Ohio. About 2 miles east of the Indiana-Ohio
state line, the Whitewater River joins the Miami River,
which empties into the Ohio River at the intersection
of Indiana, Ohio, and Kentucky. The Whitewater River
Basin in Indiana encompasses parts of 10 counties, but
82 percent of the land area lies within Wayne, Fayette,
Union, and Franklin Counties.

POPULATION AND ECONOMY

More than half of the 1980 basin population of
145,500 resided in Wayne County, particularly in and
near Richmond, the basin’s largest city. Nearly a third
of the basin population resided in Fayette and Franklin
Counties.

The recent decrease in Wayne County’s population
is expected to continue through at least the year 2000
as Richmond’s population continues to decline.
Moderate increases in population are projected for
Franklin and Union Counties. An increase in popula-
tion is also projected for Fayette County; however, pro-
visional estimates show a decline in population since
1980.

Manufacturing, wholesale-retail trade, services, and
government constitute the Whitewater Basin’s four
largest non-farm employment classes and account for
three-fourths of the total earnings. Farm employment
exceeds non-farm employment in Union and Franklin
Counties. Farm earnings in the basin are highest in
Union County.

Cropland, the major land use in the Whitewater
River Basin, is particularly widespread in Union and
Wayne Counties. The largest tracts of forest land oc-
cur in southern Fayette and western Franklin Coun-
ties, where erosive soils and hilly terrain limit the avail-
ability of prime cropland. Residential and commercial
development is primarily concentrated in and near the

cities of Richmond and Connersville, which together
comprise 40 percent of the basin’s total population.

TOPOGRAPHY AND GEOLOGY

The northern third of the Whitewater River Basin
lies within the Tipton Till Plain and has nearly flat to
gently rolling topography characterized by morainal
deposits of Wisconsinan age. The southern two-thirds
of the basin lies within the Dearborn Upland and is
dominated by dissected upland plains and narrow
ridges. Near the basin’s northeastern boundary, land
surface elevation often exceeds 1,200 feet m.s.1. along
the crest of the Knightstown Moraine. In the extreme
southeastern part of the basin, land surface elevation
is approximately 500 feet m.s.1. where the Whitewater
River exits Indiana. Maximum local relief can exceed
400 feet where bedrock ridges border the lower
Whitewater River valley.

The Wisconsinan glacial boundary, which extends
through Franklin and southwest Fayette Counties,
divides the Whitewater River Basin into two
geologically distinct portions. North of this glacial
boundary, bedrock is covered by variable but often
thick layers of tills, lacustrine clays, and sands and
gravels. The only bedrock exposures occur along some
of the larger river valleys, particularly the East Fork
Whitewater River. South of the Wisconsinan boundary,
thin layers of residuum and/or pre-Wisconsinan tills
overlie the bedrock surface, which is commonly ex-
posed along valley sides. Outwash deposits within the
valleys of the Whitewater River and its major
tributaries are thicker south of the Wisconsinan glacial
boundary, but are more laterally extensive to the north.

Limestones and dolomites of Silurian age underlie
the western, northern, and northeastern portions of the
Whitewater River Basin. Ordovician limestones and
shales underlie the basin’s central part. Bedrock eleva-
tion ranges from more than 1050 feet m.s.l. in the
northeastern part of the basin to about 450 feet m.s.1.
where the Whitewater River exits Indiana. A large
buried bedrock valley in western Wayne County and
eastern Henry County is filled with up to 300 feet of
glacial sediment.

SURFACE-WATER HYDROLOGY

Normal annual temperatures within the Whitewater
Basin range from S50°F in northern areas to 52°F in
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the south. Normal annual precipitation ranges from 38
inches in the north to 40 inches in the south.
Evapotranspiration annually consumes from 27 to 28
inches of water. The amount of precipitation available
on a monthly and seasonal basis is generally abundant,
but extended periods of dry weather can sometimes
occur.

Drainage in the Whitewater River Basin is well
developed, particularly in southern areas where glacial
deposits are older or absent. Principal streams are en-
trenched in glacial drift in northern parts of the basin,
and are cut into bedrock in southern areas. Channel
slopes of the Whitewater River and its east fork are
among the highest for major Indiana rivers.

Low stream flows are moderately sustained along
the principal streams, where ground-water discharge
from outwash deposits accounts for about 55 percent
of the total runoff. In general, the degree of ground-
water contribution appears to be greatest in northern
areas of the basin, particularly along the Whitewater
River and its major tributaries in Wayne County, where
outwash deposits are laterally extensive and occa-
sionally quite thick.

In southern areas of the Whitewater River Basin,
stream flow in the mainstem Whitewater River is well
sustained by ground-water discharge from thick out-
wash sands and gravels. However, tributary streams
generally cease flowing during dry periods because of
minimal ground-water seepage from thin, clayey tills.

Middle Fork Reservoir, Lake Santee, and
Whitewater Lake are the major manmade impound-
ments in the Whitewater River Basin used for recrea-
tion or for recreation and public water supply.
Brookville Lake, the basin’s largest reservoir, is used
for flood control, recreation, and water supply. The
reduction of flood peaks downstream of Brookville
Lake has prevented more than $2.5 million in flood
damages since 1974.

The operation of Brookville Lake dam significantly
reduces downstream flood discharges and also modifies
seasonal flows. Downstream flows in autumn are
higher than normal during reservoir drawdown. In con-
trast, downstream flows in spring are lower than nor-
mal as the reservoir level is increased to summer pool.
Daily stream flows will reflect scheduled as well as
occasional operations at the dam, and hence can
sometimes be excessively high or low.

Water quality is generally good in the Whitewater
River and its east fork. At the stream quality gage on
the Whitewater River downstream of Brookville,
however, violations of the bacterial standard for recrea-
tional uses have frequently been recorded. Only occa-

sional violations have been recorded along other
reaches. A 28-mile segment of the Whitewater River
in Franklin County has been recommended for inclu-
sion in Indiana’s Natural, Scenic, and Recreational
Rivers System.

Middle Fork Reservoir and Brookville Lake are two
moderately eutrophic lakes of good water quality. Iron
and manganese concentrations are occasionally high,
but nutrient levels are low and concentrations of toxic
substances are negligible. Although Whitewater Lake
has recently experienced an improvement in overall
water quality, a siltation problem remains.

Because hydrologic data form a framework upon
which management decisions are based, the adequacy
of data networks for ongoing water management pur-
poses was assessed. Based upon a Division of Water
review, data collected from climatic stations and obser-
vation wells in the Whitewater River Basin are suffi-
cient for water management needs. The establishment
of stream gaging stations on either Greens Fork or
Nolands Fork, Salt Creek or Pipe Creek, and the Mid-
dle Fork of the East Fork Whitewater River upstream
of Middle Fork Reservoir should be considered,
primarily to provide data for regional hydrology. In
addition, reinstatement of the Richmond gage as a
partial-record station could provide low-flow data for
an urban river reach. Stations currently operating on
Little Williams Creek at Connersville, Whitewater
River near Economy, and Whitewater River near
Hagerstown are recommended for discontinuation be-
tween 1988 and 1990 because of sufficient record.

GROUND-WATER HYDROLOGY

Ground water in the Whitewater River Basin is
available from glacial deposits and from bedrock. Of
the six aquifer systems identified in the basin, the
Whitewater Valley System is by far the most produc-
tive. Well yields of 500 gpm can be expected
throughout most of this system, which occupies the
valleys of the Whitewater River and its major
tributaries.

The sand and gravel outwash deposits comprising
the Whitewater Aquifer System may reach 100 feet in
thickness, but thicknesses of 25 to 75 feet are typical.
These outwash sands and gravels contrast sharply with
the clay-dominated or bedrock environments of sur-
rounding aquifer systems.

The Wayne-Henry Aquifer System is the second
most productive unconsolidated system. The principal
aquifers are intratill sand and gravel lenses which are
confined by clay or till sequences. Aquifer materials



can reach 40 feet in thickness, but are generally 10 feet
thick or less. Most wells in the Wayne-Henry System
produce less than 15 gpm, but yields of 150 gpm have
been reported.

West and southwest of Richmond, a fairly consis-
tent intratill sand and gravel zone has been delineated
within the Wayne-Henry Aquifer System. This zone
is usually about 5 feet thick, and most wells produce
at least 10 gpm.

Ground-water supplies are limited in the Fayette-
Union and Dearborn Aquifer Systems, which are com-
prised of clay-rich till sequences of Wisconsinan and
pre-Wisconsinan age, respectively. Intratill sand and
gravel lenses are generally less than 4 feet thick in the
Fayette-Union System, and less than 2 feet thick in the
Dearborn System. Most wells in the two systems pro-
duce only 2 to 3 gpm; however, yields of 10 gpm can
typically be expected in part of northeastern Union
County, where sand and gravel zones are more abun-
dant and slightly thicker. Dry holes are fairly common
in the Dearborn System, which has the most limited
ground-water resources of the unconsolidated aquifer
systems in the Whitewater River Basin.

Silurian limestone and multiple layers of Ordovician
limestone and shale are used as a ground-water source
where glacial aquifers are absent. The best Silurian
bedrock production is along the basin’s northern boun-
dary, where yields of 30 to 60 gpm are common. Far-
ther south, well yields decrease to 10 gpm or less.
Wells completed in Ordovician bedrock generally pro-
duce less than 8 gpm, and dry holes are fairly common.

Ground water throughout the Whitewater River
Basin is characterized by high alkalinity, high hard-
ness, and mostly basic pH. Ground water generally
meets standards for public supply; however, iron con-
centrations commonly exceed the secondary drinking-
water standard of 0.3 mg/l. Total dissolved solids con-
centrations exceeded the secondary limit of 500 mg/1
in half of the wells sampled in the Ordovician Aquifer
System. The primary drinking-water standard for
nitrate (as nitrogen) of 10 mg/1 was exceeded in three
wells in the Whitewater Valley System and one well
in the Ordovician System.

The Wayne-Henry, Fayette-Union, and Silurian
Aquifer Systems have the three highest median iron
values and the three lowest median nitrate values. The
Dearborn System has the lowest median values of
alkalinity, calcium, magnesium, hardness, and total
dissolved solids, whereas the Ordovician System has
the highest median values of these constituents. In ad-
dition, the Ordovician System has the highest median
chloride and sodium values. The Dearborn System and
Whitewater Valley System have the two lowest me-
dian iron values and the two highest median nitrate
values. The Whitewater System also has the highest
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median value of sulfate.

Wayne County has been designated by the Indiana
Department of Environmental Management as a
geographic area where ground-water protection may
be most needed. Detectable levels of at least one
volatile organic compound were found by the U.S. En-
vironmental Protection Agency in six public water sup-
plies in the Whitewater River Basin.

WATER USE AND PROJECTIONS

The 44 high-capacity water withdrawal facilities
registered in the Whitewater River Basin reported a
total average use of nearly 12 mgd of ground water
and nearly 5 mgd of surface water in 1986. Public
supply utilities accounted for about 85 percent of the
water withdrawn, and self-supplied industries ac-
counted for approximately 15 percent. Total estimated
water withdrawals from small-capacity, non-registered
facilities averaged about 4 mgd for domestic self-
supplied uses, and 2 mgd for livestock uses.

More than three-fourths of the basin’s water usage
for public supply occurs in Richmond and Con-
nersville. Withdrawals for public water supply are pro-
Jected to increase in all basin counties except Fayette,
where a two percent decrease is projected from 1985
to the year 2000.

Ground water is the source of all public supply
withdrawals in the Whitewater River Basin except in
eastern Wayne County, where Middle Fork Reservoir
provides about 60 percent of Richmond’s water sup-
ply needs. In a unique situation involving water sup-
ply at Brookville Lake, water used by the Franklin
County Water Association is derived from two wells
located on the Fairfield causeway; hence, the utility’s
water withdrawals are categorized as ground-water
withdrawals. A water supply contract with the Indiana
Department of Natural Resources, however, considers
this use to be met by surface water from Brookville
Lake.

About 60 percent of the water withdrawn by in-
dustries is derived from ground water. Three-fourths
of the registered industrial water usage occurs in
Wayne County, primarily in and near Richmond.
Although sand and gravel operations within the basin
account for more than half of the water withdrawn by
industries, the greatest percentage increase in water use
is projected for primary metal production.

Only one agricultural irrigator is registered in the
Whitewater River Basin. The potential for increased
agricultural irrigation is limited in most of the basin
by moderate to steep slopes, unsuitable soils, and
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variability of water supply; however, some areas in
the major stream valleys may be suitable for irriga-
tion development.

WATER AVAILABILITY AND DEVELOPMENT

The most dependable water supplies for current and
future development are available in the valleys of the
Whitewater River and its major tributaries. Outwash
sand and gravel deposits underlying these valleys serve
as a ground-water source for about three-fourths of the
registered withdrawal facilities and comprise about 90
percent (11 mgd) of reported ground-water use. The
permeable sand and gravel deposits designated as the
Whitewater Valley Aquifer System have an estimated
recharge rate several times that of the intratill aquifer
systems.

Most registered facilities with surface intakes
withdraw water from excavations near the major
streams. The Whitewater River or reservoirs on its
tributaries could supply additional surface water for
future development.

Middle Fork Reservoir’s dependable yield of 5.3
mgd corresponding to its present total storage capaci-
ty exceeds the demand of 3.8 mgd projected for Rich-

mond’s surface-water needs in the year 2000. If addi-
tional surface-water supply were to be required, the
instailation of Tainter gates could increase the reser-
voir yield to 8.3 mgd. The construction of a reservoir
on the West Fork of the East Fork Whitewater River,
although more costly, could also provide an additional
supply of surface water for the Richmond vicinity.

Although Batesville’s present water supply capaci-
ty of approximately 2 mgd exceeds the projected de-
mand of 1.5 mgd for the year 2000, the construction
of a reservoir on Salt Creek could provide an addi-
tional supply for Batesville and nearby areas.
Batesville, which lies outside the Whitewater River
Basin boundary, currently supplies water to Oldenburg,
which lies just inside the boundary.

Brookville Lake is by far the largest but least used
reservoir supply in the basin. The U.S. Army Corps
of Engineers estimates the water supply capability of
Brookville Lake to be 90.5 mgd. Although six
registered wells utilized for public supply are located
on or near the Fairfield and Dunlapsville causeways,
no registered facilities currently withdraw water direct-
ly from the lake. Brookville Lake therefore remains
a largely underutilized source of water supply.
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Appendix 1.

GLOSSARY

Alluvial—describes deposits of clay, silt, sand, gravel, or other particulate rock material in a streambed, on a flood
plain, or on a delta

Aquifer—a saturated permeable geologic unit that can transmit significant quantities of water under ordinary hydraulic
gradients

Bank storage—the water absorbed into the banks of a stream channel when the stage rises above the water table
in bank formations, then returns to the channel as effluent seepage when the stage falls below the water table

Base flow—the portion of stream flow derived largely or entirely from ground-water seepage
Bucket-rig well—a large-diameter well typically utilized in areas of low ground-water yields

Buried valley—depression in an ancient land surface or in bedrock now covered by younger deposits; especially
a preglacial valley filled with glacial drift

Channel slope—the slope of the streambed between points that are 10 and 85 percent of the distance from the loca-
tion on the stream to the basin divide, as determined from topographic maps; expressed in feet per mile

Climatic year—the 12-month period, April 1 to March 31, designated by the calendar year in which it begins; for
example, climatic year 1984 is from April 1, 1984 to March 31, 1985; climatic year is designed to encompass the
annua] summer-fall low-flow period

Colluvium—Iloose rock debris at the foot of a slope or cliff deposited by rock falls, landslides, and slumpage
Combined sewer overflow—a discharge composed of untreated or partially treated sewage mixed with stormwater

Confined—describes an aquifer in which ground water is isolated from the atmosphere by impermeable formations;
confined ground-water is generally subject to pressure greater than atmospheric

Contaminant (drinking water)—as defined by the U.S. Environmental Protection Agency, any physical, chemical,
biological , or radiological substance in water, including constituents which may or may not be harmful

Continuous-record station—a site on a stream or lake where continuous, systematic observations of stage and/cr
discharge are obtained by recording and nonrecording instruments and periodic measurements of flow

Cyclonic—describes a roughly circular area of low atmospheric pressure in which the winds blow counterclockwise
in the northern hemisphere

Direct runoff—water entering a stream channel promptly after a precipitation event; it is presumed to consist of
surface runoff and a substantial portion of the interflow.

Dissected—cut by erosion into hills and valleys or into flat upland areas separated by valleys
Diurnal—having a daily cycle
Drainage density—ratio of total length of all channels within a drainage basin to the area of that basin

Drawdown (ground water)—difference between the water level in a well before and during pumping
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Appendix 1. Continued

Drawdown (surface water)—-artificial lowering of the water level of a lake or reservoir
Drift—unconsolidated sediment and rock debris transported and deposited by glaciers or glacial streams
Dry hole—a well that produces little or no water

End moraine—see moraine

Epilimnetic—describes the upper layer of a thermally stratified lake in which the water is nearly uniformly warm,
circulating, and fairly turbulent

Estimate (population)—a number based on events that have already occurred

Eutrophic—describes a body of water which has become enriched with plant nutrients, most commonly phosphorus
and nitrogen

Evapotranspiration—collective-term that includes water discharged to the atmosphere as a result of evaporation from
the soil and surface water bodies and by plant transpiration

Fecal coliform—bacteria that occur naturally in the intestines of humans and animals; bacterial counts in waterways
are used as indicators of pollution from human and animal wastes

First-order stream—a channel reach which has no tributaries

Flood, 100-year—a statistically-derived flood discharge having an average frequency of occurrence of once in 100
years, or a one percent chance of being equaled or exceeded in any given year

Flowing well—a well deriving its water from a confined aquifer and in which the water level stands above the ground
surface

Fragipan—a loamy, brittle subsurface soil horizon which is low in porosity, low or moderate in clay, but high in
silt or very fine sand; a fragipan appears cemented and restricts plant roots and the percolation of water

Frequency analysis—a statistical method for attaining the probability that a given hydrologic event will be equaled
or exceeded

Grab sample—water collected at a single location and at a single time as opposed to a sample composited over space
or time

Growing season—the average number of days between the last spring and first autumn temperature of 32°F

Ground moraine—rock and soil material deposited from a glacier on the ground surface over which the glacier has
moved; it is bordered by lateral and/or end moraines.

Ground-water discharge—in this usage, the part of total runoff which has passed into the ground and has subsequently
been discharged into a stream channel

Hummock—a mound, knoll, or hillock

Hydraulic conductivity—a constant describing the rate at which water moves through a permeable medium; often
expressed in gallons per day per square foot

Hydrograph—graph showing stage, flow, velocity, or other properties of water with respect to time



101
Appendix 1. Continued

Hypolimnion—the lower layer of a thermally stratified lake in which the water is nearly uniformly cool and relatively
quiescent

Igneous—describes rocks that solidified from molten or partly molten material
Intercalated—interstratified; inserted among other layers

Interflow—the part of precipitation which infiltrates the surface soil, and moves laterally toward streams as perched
ground water

Intratill—describes geologic materials contained within a single till unit

Lacustrine—pertaining to, produced by, or formed in a lake or lakes

Loamy—describes a soil composed of a mixture of clay, silt, sand, and organic matter

Loess—a homogeneous, fine-grained deposit consisting predominantly of silt, and chiefly deposited by wind
Macrophytes—macroscopic forms of aquatic vegetation

Maximum contaminant level—the maximum permissible level of a contaminant in water which is delivered to the
free-flowing outlet of the user of a public water system

Median—the middle value of a set of observations arranged in order of magnitude

Metamorphic—describes rocks that have formed in the solid state in response to pronounced changes of temperature,
pressure, and chemical environment

Moraine—a mound, ridge, or other distinct accumulation of unsorted, unstratified glacial drift deposited chiefly by
the direct action of glacial ice

Normal (climatic)—average (or mean) value for a particular parameter over a designated period, usually the most
recent 30-year period ending every decade (1941-70, 1951-80, for example)

Outwash—sand and gravel deposited by meltwater streams in front or beyond the margin of active glacial ice
Overland flow—the part of runoff which passes over the land surface to the nearest stream channel
Paleosol—an ancient, buried soil

Partial-body contact—any contact with water up to but not including complete submergence

Partial-record station—a site where limited stream-flow and/or water quality data are collected systematically over
a period of years

Per capita income—total money income of the residents of a given area divided by the resident population of that
area; represents the amount of income received before deductions for personal income taxes, social security, bond
purchases, etc.; receipts not counted include ‘‘lump sums’’ payments such as capital gains or inheritances
Phytoplankton—an assemblage of microscopic aquatic plants having no or very limited powers of locomotion

Physiography—the origin and evolution of landforms



102

Appendix 1. Continued

Piezometric surface—an imaginary surface representing the level to which water from a given aquifer will rise under
its own head

Polychlorinated biphenyls (PCBs)—a family of chlorinated hydrocarbons toxic to animals and humans
Projection (population)—a number based on trends and patterns of the past
Recharge (ground water)—process of entry of water into the zone of saturation

Recurrence interval—the average time interval, in years, within which the magnitude of a given event, such as a
flood, storm, or low-flow event will be equaled or exceeded

Regression analysis—a statistical method for determining linear dependence, and, where significant correlation ex-
ists, in making predictions

Regulation (stream)—artifical manipulation of the flow of a stream
Residuum—rock material remaining essentially in place after all but the least soluble constituents have been removed

Runoff (total)—the part of precipitation that appears in surface-water bodies; it is the same as stream flow unaffected
by artificial manipulation; runoff expressed in inches shows the depth to which the drainage area would be covered
if all the runoff for a given period were uniformly distributed

Second-order stream—a channel reach which receives flow from two or more first-order streams

Static water level—the level of water in a well that is not being affected by withdrawal of ground water

Stratigraphy—geological study of the formation, composition, sequence, and correlation of unconsolidated or rock
layers

Surface runoff—water which passes over the land surface to the nearest stream channel (overland flow) plus precipitation
falling directly on the stream

Tailwater—water in a channel or pool immediately downstream of a structure such as a bridge, culvert, or dam
Terminal moraine—a moraine formed across the front edge of a glacier marking its farthest advance

Terrace—a bench or discontinuous segments of a bench, in a valley at some height above the modern floodplain,
and which is part of an abandoned floodplain

Till—unsorted, unstratified drift deposited directly by a glacier without subsequent reworking by meltwater; it con-
sists of a heterogeneous mixture of clay, silt, sand, and gravel ranging widely in size and shape

Topography—the relief and contour of a surface, especially land surface

Toxic—describes materials which are or may become harmful to plants or animals when present in sufficient
concentrations

Transmissivity—rate at which water is transmitted through a unit width of an aquifer under a unit hydraulic gradient
Unconfined—describes an aquifer whose upper surface is a water table free to fluctuate under atmospheric pressure

Unit discharge—a general term used to describe a streamflow parameter uniformly distributed over the drainage
basin during a specified unit of time
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Valley train—a long, narrow body of outwash confined within a valley

Water year—the 12-month period, October 1 to September 30, designated by the calendar year in which it ends;
for example, water year 1984 is from October 1, 1983 to September 30, 1984; water year is designed to encompass
the annual winter-spring high-flow period

Weathering—the decay of earth materials through a complex interaction of physical, chemical, and biological processes

Whole-body contact—direct contact with water to the point of complete submergence

Glossary is partially adapted from Langbein and Iseri, 1960; U.S. Geological Survey, 1984; and the American
Geological Institute, 1976.
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Appendix 3. General Soil Map
AGRICULTURAL EXPERIMENT STATION AND COOPERATIVE
EXTENSION SERVICE, PURDUE UNIVERSITY: AND THE SOIL

CONSERVATION SERVICE, U.S. DEPARTMENT OF AGRICULTURE (1971)
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Note: This map is intended for general planning. Each delineation contains soils different from those shown in the legend.

For operational planning, use detailed soil maps that may be-available in published or unpublished form at the local Soil
and Water Conservation District Office.

18.

19.

62.

64.

66.

72.

81.

83.

84.

86.

91.

93.

101.

SOIL ASSOCIATIONS

Wakeland-Stendal-Haymond-Bartle:  Nearly level, somewhat poorly drained, silty Wakeland and
Stendal and well drained, silty Haymond in alluvial deposits, and somewhat poorly drained, silty
Bartle with fragipans in acid alluvial deposits.

Genesee-Shoals-Eel:  Nearly level, well drained, loamy Genesee, moderately well drained, loamy
Eel, and somewhat poorly drained, loamy Shoals in alluvial deposits.

Fox-Martinsville-Alluvial soils:  Sloping and nearly level, well drained, loamy Fox on outwash sand
and gravel, and loamy Martinsviile on outwash sand and silt and associated soils in alluvial
deposits.

Fox-Nineveh-Ockley:  Nearly level, well drained, loamy soils on outwash sand and gravel.

Blount-Pewamo: Nearly level, somewhat poorly drained, clayey Blount and very poorly drained,
clayey Pewamo in glacial till.

Crosby-Brookston:  Nearly level, somewhat poorly drained, clayey Crosby and very poorly drained,
loamy Brookston in glacial till.

Fincastle-Ragsdale-Brookston:  Nearly level, somewhat poorly drained, silty Fincastle in wind-

blown siits and glacial till, very poorly drained, silty Ragsdale in wind-blown silts and loamy
Brookston in glacial till.

Reesville-Ragsdale:  Nearly level, somewhat poorly drained, silty Reesville and very poorly drained,
silty Ragsdale in wind-blown silts.

Miami-Russell-Fincastle:  Sloping, well drained, loamy Miami in glacial till and silty Russell in

wind-blown silts and glacial till and nearly level somewhat poorly drained, silty Fincastle in wind-
blown silts and glacial till.

Miami-Crosby: Sloping, well drained, loamy Miami and nearly level, somewhat poorly drained,
clayey Crosby in glacial till.

Miami-Hennepin:  Sloping, well drained, loamy Miami and steep, well drained, shallow, loamy Hen-
nepin in glacial till.

Morley-Blount:  Sloping, well drained, clayey Morley and nearly level, somewhat poorly drained,
clayey Blount in glacial till.

Avonburg-Clermont:  Nearly level, somewhat poorly drained, silty Avonburg and poorly drained, sil-
ty Clermont, both with fragipans, in wind-blown silts and weathered glacial till.

Cincinnati-Rossmoyne-Hickory:  Sloping, well drained, silty Cincinnati and moderately well drain-
ed, silty Rossmoyne, both with fragipans, in wind-blown silts and weathered glacial till, and steep,
well drained, loamy Hickory in weathered till.

Fairmount-Switzerland:  Steep, well drained, shallow, clayey Fairmount and deep, clayey
Switzerland in weathered shale and limestone.
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Appendix 4. Discussion of exposed stratigraphic units

The Kope Formation consists dominantly of bluish- to brownish-gray clay shale, but about five
percent is thin discontinuous beds of fossiliferous limestone that occur mostly in the upper one-
half to one-third of the formation. These beds are more prevalent southward, so that a considerable
part the of the formation exposed in the southeastern extremity of the basin consists of limestone.

Approximately 100 feet of the upper Kope Formation is exposed in the Whitewater River Basin,
although the formation ranges in thickness from about 250 feet in Dearborn County to more than
550 feet at the northern limit of the basin. The lower Kope Formation grades laterally southward

through a progressive facies change into the Lexington Limestone, which otherwise underlies the
Kope.

The Dillsboro Formation conformably and gradationally overlies the Kope and is about 300 feet
thick in much of the Whitewater drainage area. The Dillsboro is a sequence of alternating, mostly
thin-bedded, fossiliferous limestone and calcareous shale. The limestones tend to be better ex-

posed than the shale, but comprise only about 30 percent of the Dillsboro and are less prominent
northward.

The Whitewater Formation overlies the Dillsboro and encompasses the youngest Ordovician rocks
in Indiana. The formation was named for exposures along the Whitewater River at Richmond, In-
diana. Throughout most of the basin the lower part of the formation is recognized as the Saluda
Dolomite Member, a unit that makes a relatively sharp, but conformable boundary with the underlying
Dillsboro. The Saluda is mostly varicolored, fine-grained dolomite but includes a zone rich in the
corals Columnaria and Tetradium. The Saluda thins to the north and is less than 10 feet thick in
Wayne County. The remaining part of the Whitewater Formation is mostly argillaceous, fossiliferous
limestone interbedded with calcareous shale.

Although there is more limestone in the Whitewater Formation than in the underlying Dilisboro
and Kope Formations, the upper part of the Whitewater Formation in Wayne County consists mostly
of shale. The Whitewater is about 90 feet thick in Wayne County and maintains nearly the same
thickness to the south because the part of the formation above the Saluda thins to the south in
compensation for the thickening of the Saluda.

The Brassfield Limestone of Silurian age unconformably overlies the Dillsboro in the Whitewater
River Basin. The Brassfield is generally a medium- to coarse-grained fossiliferous limestone with
numerous irregular blebs and stringers of shale. The formation is commonly yellowish-brown to
salmon pink, but near Richmond the basal part is nearly white, and the overlying limestone is dark

gray. Maximum thickness at the north end of the drainage basin is about 15 feet, but a thickness
of less than 4 feet is common.

The Salamonie Dolomite unconformably overlies the Brassfield Limestone. In the southeastern
part of the basin, the Salamonie includes some shale and very argillaceous limestone in its lower
part, which is normally less than 40 feet thick. This lithology is transitional to the north into a more

pure dolomite. The upper part of the Salamonie, though absent from the Whitewater Basin, com-
monly is cherty.
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Appendix 5. Characteristics of subsurface stratigraphic units
Thickness
Group Rock unit (ft) Description
Lexington Limestone 0-225 Gray fossiliferous limestone with lesser
amounts of shale
Plattin Formation 195-210 Tan, fine-grained to very fine-grained
Black argillaceous and dolomitic limestone
River
Pecatonica Formation 75-90 Gray and brown lithographic to fine-
grained limestone and dolomite; com-
a2 monly argillaceous or silty near base
oS Joachim Dolomite 105-180 Varicolored fine-grained dolomite and
g Ancell limestone; middle part more pure; black
S shale interbeds in upper part
>
13 Dutchtown Formation 10-55 Light-gray and brown argillaceous
O dolomite; some thin green shale
interbeds
Shakopee Dolomite 0-280 Light-gray to brown fine-grained to very
Prairie fine-grained dolomite with interbedded
du Chien shale, siltstone, and sandstone
Oncota Dolomite 250-310 Gray and brown, mostly medium- to
fine-grained cherty dolomite
Potosi Dolomite 700-1125 Gray and brown fine- to medium-
grained dolomite and a few thin zones
£ of shale or siltstone
[}
7] Davis Formation 75-95 Mixed gray dolomite, siltstone, shale,
& | Munising and limestone
c
-§ Eau Claire Formation 440-510 Variable oolitic limestone, shale,
= siltstone, sandstone, and dolomite
©
© Mt. Simon Sandstone 375-625 White to gray, poorly sorted, poorly
consolidated sandstone; includes
several gray and maroon shale beds
Precambrian rocks
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Appendix 6. Example of hydrograph separation for East Fork Whitewater River at Abington

While the peaks of an annual stream hydrograph represent overland and subsurface flow and
sometimes ground water flow, base flow is a slow response to long-term changes in the regional
ground-water flow (see Freeze and Cherry, 1979, p. 225). The base-flow hydrograph therefore will
be much smoother than the stream hydrograph. A good first approximation to the base-flow
hydrograph could be obtained by simply cutting off the peaks of the stream hydrograph. However,
it is quite possible to have base-flow hydrograph peaks (see Linsley and others, 1982, pp. 210-213).

An ideal base-flow recession is a straight line on semi-logarithmic graph paper. Hence, one can
assume that when the falling limb (recession limb) of the stream hydrograph becomes a straight
line, the hydrograph is essentially all base fiow. However, if a precipitation event occurs before
overland and subsurface flows cease, the recession limb of the stream hydrograph will not be a
straight line. If the second precipitation event and any following precipitation events produce suc-
cessively smaller peaks, there will be a recession trend. It may be possible to glean from the trend
an estimated base-flow recession segment. This segment may be sketched in below the stream
hydrograph (see accompanying figure).

To help detect the slope of the recession segments of multiple precipitation events, it is useful
to inspect the entire yearly stream hydrograph. The slope of the base-flow recession for single
precipitation events can be used to help determine the base-flow recession segments for multiple
precipitation events. Although the slope of base-recession will vary throughout the year, the general
trend of the recession can be estimated from single precipitation events.

The next problem is to determine when the base-flow peaks occur, and when to begin each ris-
ing limb. The methods for constructing this portion of the base-flow hydrograph are arbitrary.
However, it is reasonable o believe that a base-flow hydrograph peak should not occur before the

stream hydrograph peak. The base-fiow rising limb will probably be steeper than the base-flow reces-
sion limb.
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Appendix 7.

Maximum contaminant levels for selected inorganic chemicals

113

{All values except pH are in milligrams per liter; if muitiple uses have been designated, the most protective standard ap-
plies; dash indicates no available criterion. References to standards are current as of early 1987.}

Aquatic life:  Values for all constituents except iron, pH, selenium, and silver are for one-hour averages; selenium and
silver are not to be exceeded at any time; trace metals where applicable - at a hardness of 250 milligrams per liter.

Public supply: Maximum permissable level of a contaminant in water at the tap; national secondary regulations (reference
e) are not enforceable; both national primary regulations and state regulations are enforceable (references b,c and f).

All values from National Academy of Sciences, 1974.

Irrigation and livestock:

Aquatic life Public supply
Constituent Irrigation Livestock
Value Reference Value Reference
Arsenic (trivalent) 0.360 a 0.05 b,c 0.1 0.2
Barium — — 1.0 b,c — —
Cadmium 0.011 a 0.01 b,c 0.1 0.5
Chloride 0.019 a 250 d,e — —
Chromium (hexavalent) 0.016 a 0.05 b,c 0.10 1.0
Copper 0.042 a 1.0 e 0.2 0.5
Fluoride — — 4.0 prim b,f 1.0 2.0
2.0 sec f
Iron 1.00 d 0.3 e 5.0 —
Lead 0.264 a 0.05 b,c 5.0 0.1
Manganese — — 0.05 e 0.2 —
Mercury 0.002 a 0.002 b,c — 0.01
Nitrate (as nitrogen) — — 10.0 b,c — 10.0
pH (standard unit) 6.0-9.0 d 6.5—8.5 e 45—9.0 —
Selenium 0.260 g 0.01 b,c 0.02 0.05
Silver 0.020 g 0.05 b,c — —
Sulfate — — 250 d,e — —
Total dissolved solids — — 500 e 500—1000 3000
Zinc 0.254 h 5.0 e 2.0 25.0

aU.S8. Environmental Protection Agency, 1985a
PIndiana Environmental Management Board, 1979
€U.S. Environmental Protection Agency, 1986¢
dIndiana Stream Poliution Control Board, 1985
€U.S. Environmental Protection Agency, 1979

f_ _1986a
S__ 1980
h 1987
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Appendix 9. Concentrations of common stream quality constituents and selected metals col-
lected by the U.S. Geological Survey, 1974-81

{Excerpted from Smith and Alexander, 1983; data for Whitewater River at Brookyville; all values in milligrams per liter except
as indicated.}

Number of
Constituent samples Mean
Temperature (degrees C) 77 12.6
Turbidity (JTU) 38 252
Specific conductivity (micromhos/cm) 74 522.9
pH (std unit) 75 8.0
Dissolved oxygen 59 11.3
Alkalinity as CaCOs 64 211.7
Dissolved solids 75 296.4
Organic carbon, total as C 33 4.4
Ammonia, total as N 41 0.1
Nitrate-Nitrite, total as N 74 2.1
Phosphorus, total as P 74 0.1
Calcium 75 66.8
Magnesium 74 24.4
Sodium 75 9.5
Potassium 75 25
Chloride 75 17.9
Sulfate as SOa 74 39.9
Silica 75 43
Fecal coliform (col/100 ml) 6 7148.0
Fecal streptococci (col/100 m}) 40 2074.0
Phytoplankton (cells/ml) 53 13370.0
Number of
Metals (total) samples Median
Arsenic (ug/l) 24 1.0
Barium (ug/l) 13 100.0
Iron (ug/l) 24 220.0
Manganese (ug/l) 24 40.0

Zinc (ug/l) 23 20.0
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Appendix 13. Discussion of Reservoir Yield Dependability

The dependability of the yield of a reservoir at a particular site depends upon the level of de-
mand and the storage capacity of the reservoir. The YIELD computer program (Biek, 1986) deter-

mines various reservoir capacities needed to maintain a given draft with various levels of
dependability.

Dependability is the fraction of time that demand is met (McMahon and Mein, 1986). The time
increment for calculating dependability is one year. Years in which demand is not met are called
deficit years. In the YIELD program, the deficit years are controlled deficits.

Controlled deficits occur when, during one or more of the dry years on record, controlled cut-
backs in demand are made. For example, if it is anticipated that farmers may be able to tolerate
a cutback to 80 percent of their allotted supply during the months of irrigation for the two severest
dry years of record, then there will be two years of controlled deficit. If users of the reservoir can
tolerate some shortages during these few dry years, then a smaller reservoir can be constructed.

The YIELD program computes the reliability or dependability of the yield for each number-of-
years deficit. The dependability may be defined by the equation:

R=m/(n+1) = (n-d)/(n+1)
where
m = number of years demand is met,

n

the period of record of stream flow data,

d

number of years of deficit in which supply is cut back.

For example, suppose we have 50 years of stream data and one year of deficit will be accep-
table. The dependability of the yield is:

R = (50-1)/(50+1) = 0.96

There is a 96 percent probability that the demand will be met in any given year.
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WAYNE-HENRY AQUIFER SYSTEM

This intratill aguifer system is characterized by thin sand and gravel
aquiter zones contained within variably thick till sequences. The
thickness of the system ranges from 30 feat or less over areas of high
bedrock 1o 300 feet or more In burled bedrock valleys. The productive
aquifer zones within the system are usually less than 10 feet thick,
The ground-water availability of this system is generally adequate for
domestic supply purposes. Reporied well ylelds range from 0 to 150
gpm. Most domestic wells produce 15 gpm or less and nWapacI:,:
fairty

lenses in the Wayne-Henry System awverlain by 2
clay or till zones, the lenses are not very susceptible to contamina-
tion from surface sources.

S

L

LE

This subsystem consists of an intratill sand and gravel zons and dif-
fers from the main system only because it is (airy extensive and map-

@ as an individual unit. This zone ranges in thickness up 1o 25 feet
but s usually about 5 feet thick. Wells yield betwean & and 30 gpm
with most wells producing at least 10 gpm.

FAYETTE-UNION AQUIFER SYSTEM

¥ of glacial tills
which contain intratill sand and gravel aquifers of limited thickness
and extent. Intratill sand and gravel lenses average about 2 1o 4 feat
in thickness; however, in many areas these lonses are absent. Wells
drilled in this system produce from 0 1o 80 gpm; however, most wells
average only 2 to 3 gpm, Bucket-rig wells, which draw water from thin
sand I0Nes O L b Kl are Frequently

E g ly s o
contamination because most burled sand and gravel lenses are overtain
by significant thicknesses of clay.

LIBERTY SUBSYSTEM

This subsystem of the Fayette-Union Aquifer System was identified
becauss of the mone frequent occurmence of significant sand
aquifers. Sand and gravel lenses average aboul 4 feet in thickness and
drilied wells usually yield about 10 gpm. Bucketrig wells are less com-
mon than in the main Fayette-Union System due 1o the presence of
thicker, mofe productive sand and gravel layers.

used,

owc'mrraln- gpm and dry holes are iy common. Because of the
iow Ity ©f IN@ SUMBCe Matenals, this sysiem Is not very

susceplible to contamination from surface sources.

WHITEWATER VALLEY AQUIFER SYSTEM

Thee Whitewater System s composed of sand and gravel, most of which
was deposited as valley fill material during periods of glacial retreat.
Only in a few cases have wells extended to the bottom of the outwash
aquiter. Records for these wells show that in some areas till is below
the cutwash whereas in other areas the outwash has been deposited
directly on top of badrock. The Whitewater Valley Agquiter System
ranges from less than 10 feat to more than 100 feet in thickness.
Numerous high-capacity industrial and municipal wells cbiain water
from this system. This aquifer system represents an area of excellent
ground-waler potantial (50-1200 gpm); however, due 1o it lack of clay
layers and shallow water levels it is highly susceptible to
contamination.

In these areas of the Whitewater Valley Aquiter System, the cutwash
sands and gravels have been covered by & layer of clay of Lill. Sand
and gravel 2ones of 20 1o 30 feet are comman with reperted well yiolds
ranging from 10 to 140 gpm. Aquifer zones in these areas are less
susceptible to contamination from surlace scurces than other areas
of the Whitewater Valley Aquifer System,

AQUIFER SYSTEM

This system is characterized by multiple layers of Ondovician-

limestone and shale. Wells developed in this system penetrate from
10 to 100 feet inlo bedrock. The productivity of wells in this system
does nol appear to be significanily correlaled with the amount of
bedrock penetration, however. Ground-water availability in this system
is generally poor. Well ylelds of 010 50 gpm have beon reported. Many
‘walls yield between 2 and 8 gom; however, dry holes are fairly comemon.

DEARBORN AQUIFER SYSTEM SILURIAN BEDROCK AQUIFER SYSTEM

- This ists of thin, pre- This system conalsts primarily of Silurian-age limestone with minar
‘Wisconsinan till overtying bedrock in southern portions of the basin. amounts of shale. Most wells producing from this system peneirate
Significant sand and zones are usually absent but thicknesses 30 feet of less into bedrock. Ground-water polential in this system is
up 1o 15 feet have bean reported. Waler avallability is generally poor generally marginal with reported wedl ylelds of 0 to 80 gpm. Potential
although bucket-rig wells may produce water from thin sand or gravel yialds from this system are greatest to the north, commanly 30 gam
units, o yields range from O to 20 gpm but most wells pro- of greater, and decrease 10 the south. Yields also decreass near the

Silurian-Ordovician boundary where yields are usually 10 gom or less
AN Ory NOIES AN0 OCCASIONAY (PO

UNCONSOLIDATED AND BEDROCK AQUIFER SYSTEMS
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