
REVIEW OF THE HYDROLOGIC DATA-COLLECTION NETWORK IN THE ST. JOSEPH RIVER 

BASIN, INDIANA

By E. James Crompton, James G. Peters, Robert L. Miller, James A. Stewart, 

Konrad J. Banaszak, and Robert J. Shedlock

U.S. GEOLOGICAL SURVEY

Water Resources Investigations Report 86-4157

Prepared in cooperation with the 

INDIANA DEPARTMENT OF NATURAL RESOURCES

Indianapolis, Indiana 
1986



UNITED STATES DEPARTMENT OF THE INTERIOR 

DONALD PAUL HODEL, Secretary

GEOLOGICAL SURVEY 

Dallas L. Peck, Director

For additional information write to:

U.S. Geological Survey 
6023 Guion Road, Suite 201 
Indianapolis, Indiana 46254

Copies of this report 
can be purchased from:

U.S. Geological Survey 
Open-file Services Section 
Box 25425, Federal Center 
Denver, Colorado 80225 
(Telephone: [303] 236-7476)



CONTENTS

Page
Abstract................................................................ 1
Introduction............................................................ 2

Background......................................................... 2
Purpose and scope.................................................. 3
Acknowledgments.................................................... 3

Basin description....................................................... 3
Climate............................................................ 6
Geology............................................................ 6

Bedrock........................................................ 6
Glacial deposits............................................... 6

Soils.............................................................. 7
Topography......................................................... 7
Land use........................................................... 8
Hydrology.......................................................... 8

Surface water.................................................. 8
Ground water................................................... 9

Water use.......................................................... 10
Streamflow-monitoring network........................................... 11

General description................................................ 11
Specific data uses................................................. 13
Existing network................................................... 16
Suggested improvements............................................. 21

Lake-level monitoring network........................................... 22
Description........................................................ 22
Existing network................................................... 27
Suggested improvements............................................. 35

Ground-water-level monitoring network................................... 35
Description........................................................ 35
Existing network................................................... 38
Suggested improvements............................................. 41

Climatic-conditions monitoring network.................................. 43
Description........................................................ 43
Existing network................................................... 45
Suggested improvements............................................. 45

Summary................................................................. 46
References cited........................................................ 49

ILLUSTRATIONS

Figure 1-3. Maps showing:
1. Location of the St. Joseph River basin in Indiana...... 4
2. Hydrologic-data-collection network in the St. Joseph

River basin, Indiana................................. 14

-iii-



ILLUSTRATIONS Continued

Page 
Figure 3. Location of observation wells Elkhart-5 and Elkhart-6 relative

to Heaton Lake.............................................. 32
4-6. Graphs showing:

4. Maximum monthly water levels in Heaton Lake and in
observation wells Elkhart-5 and Elkhart-6. 1979-83
water years........................................... 33

5. Maximum daily water levels in observation well
Elkhart-4, April through September, 1967 and 1983, 
and in observation well Elkhart-8, April through 
September 1983........................................ 40

6. Maximum monthly water levels in observation wells
Noble-8 and Nbble-9, 1979-83 water years.............. 42

TABLES

Table 1. Continuous-record and partial-record streamflow stations in
the St. Joseph River basin, Indiana........................ 12

2. Continuous-record streamflow stations acceptable for regional
hydrology.................................................. 17

3. Ungaged drainage areas in the St. Joseph River basin, Indiana 19
4. Lakes of record in the St. Joseph River basin, Indiana....... 23
5. Types of inlets and outlets for lakes of record in the

St. Joseph River basin, Indiana............................ 28
6. Lakes with water levels below the elevation of the control

structure more than 50 percent of the time................. 34
7. Observation wells in the St. Joseph River basin, Indiana..... 36
8. Active observation wells near lakes in the St. Joseph River

basin, Indiana............................................. 39
9. Climatic stations in the St. Joseph River basin, Indiana..... 44 

10. Recommended density and current density for precipitation 
and evaporation stations in the St. Joseph River basin, 
Indiana.................................................... 45

-iv-



FACTORS FOR CONVERTING INCH-POUND UNITS TO METRIC 
(INTERNATIONAL SYSTEM) UNITS

Multiply inch-pound unit

inch (in.)

foot (ft)

mile (mi)

square mile (mi2 )

gallon per minute (gal/min)

million gallons per day (Mgal/d)

acre-feet (acre-ft)

foot squared per day (ft2 /d)

cubic feet per second (ft^/s)

British thermal unit per minute 

(Btu/min)

By_

25.4 

0.3048 

1.609 

2.590 
6.308xlO~2 

4.381x1O-2

1. 233x103 

9.290xlO~2

2. 832x10~2

To obtain metric units

millimeter (mm) 

meter (m) 

kilometer (km) 

square kilometer (km2 ) 

liter per second (L/s) 

cubic meters per second

(m3/s)

cubic meters (m?) 

meter squared per day (m2/d) 

cubic meters per second

(m3/s)

1.757x1O-5 megawatt (MW)

To convert degree Fahrenheit (°F) to degree Celsius (°C) 

(0.556) (°F - 32°) = °C

-v-



REVIEW OF THE HYDROLOGIC DATA-COLLECTION NETWORK IN THE ST. JOSEPH RIVER

BASIN, INDIANA

By E. James Crompton, James G. Peters, Robert L. Miller, James A. Stewart, 

Konrad J. Banaszak, and Robert J. Shedlock

ABSTRACT

The Indiana Department of Natural Resources considers the St. Joseph 
River basin a high-priority area for water-resource assessment because of 
rapid growth in water use during the past decade. A review of the present 
data-collection network for streamflow, lake, ground water, and climatic 
stations was done to assist the Indiana Department of Natural Resources in 
assessing the need for additional hydrologic monitoring. The network review 
included only the 1700-square-mile part of the basin in Indiana. The area is 
covered with glacial drift averaging from 200 to 350 feet in thickness. 
Extensive outwash deposits form highly productive sand and gravel aquifers and 
provide well-sustained streamflow. Seventy-five percent of the area is used 
for agriculture, and all public and private water supply is from ground 
water.

Currently, the streamflow network includes 11 continuous-record gaging 
stations and one partial-record station. Based on areal distribution, lake 
effect, contributing drainage area, and flow-duration ratio, six of these 
stations can be used to describe regional hydrology.

Gaging stations on lakes are used to collect long-term lake-level data on 
which to base legal lake levels, and to monitor lake-level fluctuations after 
legal levels are established. Of the 98 lakes for which data have been col­ 
lected, 85 have had legal levels established. Using current record, legal 
levels could probably be established for an additional eight lakes. Existing 
control structures are ineffective at maintaining legal levels on at least 17 
lakes during most of the year when lake levels are below the elevation of the 
control structure. More hydrogeologic data are needed for determining the 
degree to which ground water affects lake levels. Existing lake-level data 
might be used to evaluate the frequency and magnitude of flooding around 
lakes, and the effectiveness of control structures in maintaining legal 
levels.

The current ground-water network comprises 15 observation wells and has 
four purposes: (1) to determine the interaction between ground water and 
lakes, (2) to measure changes in ground-water levels near irrigation wells, 
(3) to measure water levels in wells at special purpose sites, and (4) to 
measure long-term changes in water levels in areas not affected by pumping. 
Seven wells near three lakes have provided sufficient information for corre­ 
lating water levels in wells and lakes but are not adequate to quantify
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the effect of ground water on lake levels due, in part, to the complex geology 
in the vicinity of the lakes. To establish a cause-and-effect relation bet­ 
ween ground-water and lake levels, the network needs to be modified to provide 
better information about ground-water flow gradients to and from the lakes. 
Water levels in five observation wells located in the vicinity of intensive 
irrigation are not noticeably affected by seasonal withdrawals. This lack of 
effect is expected based on two detailed studies in the basin, which indicated 
that high transmissivity of the glacial aquifers and high rates of recharge 
can provide adequate water for current needs and substantial growth. The five 
observation wells probably provide adequate record for monitoring regional 
water levels near irrigation wells. One special-purpose well is valuable in 
providing water-level information in support of ground-water quality sampling. 
Water-level data from two long-term monitoring wells are sufficient to 
characterize water-level trends.

Currently, the National Weather Service operates eight climatic stations 
in the basin primarily to characterize regional climatic conditions and to aid 
in flood forecasting. The network meets network-density guidelines estab­ 
lished by the World Meteorological Organization for collection of precipita­ 
tion and evaporation data but does not meet guidelines suggested by the 
National Weather Service for density of precipitation gages in areas of signi­ 
ficant convective rainfalls.

INTRODUCTION

Background

In recent years, the importance of hydrologic data in water-management- 
related decisions has been recognized by the Indiana Department of Natural 
Resources (IDNR). Work completed by the Governor's Water Resources Study 
Commission (GWRSC) in 1980 delineated several areas of the State where growth 
in water-resource development could eventually lead to water-use conflicts.

Of these areas, the part of the St. Joseph River basin that is located in 
Indiana (fig. 1) was selected by IDNR as a top-priority area for study. 
Results of studies by Purdue University for the GWRSC indicate that agricul­ 
tural irrigation is extensive in this part of the State and might double by 
the year 2000 (Governor's Water Resource Study Commission, 1980, p. 179). 
Numerous natural lakes, streams, and marshes are used for recreation and wild­ 
life habitat. Many summer homes are built in areas adjacent to the area1 s 
numerous lakes and marshes, which are sensitive to changes in streamflow and 
ground-water levels. The IDNR is concerned about possible effects of with­ 
drawals for irrigation and other uses on surface- and ground-water supplies in 
the basin.

As a first step in preparing for increased responsibilities in water- 
resource management, the GWRSC and IDNR compiled much of the water-resource 
information available for the basin including ground-water availability,
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irrigational potential of soils, and ground- and surface-water withdrawals. 
In addition, IDNR updated water-use information, identified and mapped natural 
lakes and wetlands, and provided estimates of future irrigation. Beyond this 
preliminary work, the State was interested in evaluating the present network 
for collecting hydrologic data in the basin to determine whether the network 
will meet future needs for water-resource information.

Purpose and Scope

The purpose of this report is to review the present hydrologic data- 
collection network in the St. Joseph River basin and to suggest ways in which 
the network might be improved to meet current and anticipated needs. The 
review is intended as a descriptive assessment rather than a quantitative 
analysis of the network. Only the network in the Indiana part of the basin is 
discussed. The present network of U.S. Geological Survey gaging stations for 
streams, lakes, and ground water, as well as the climatic stations operated by 
the National Weather Service, is reviewed. The review considers the purposes, 
distribution, and effectiveness of the network. Suggestions for improving the 
network are based on assessments of current and future needs as identified by 
IDNR and the Geological Survey.

Acknowledgments

The IDNR, Division of Water, provided suggestions for the purpose and 
scope of the report. The Division also supplied information on lake-control 
structures, lakes with low-^water problems, and originally designated purposes 
of observation wells.

BASIN DESCRIPTION

The drainage basin of the St. Joseph River covers 4,680 mi2 (square 
miles) of southern Michigan and northern Indiana. The Indiana part of the 
basin is 1698 mi2 in area (Hoggatt, 1975, p. 186) and includes all or part of 
seven counties: St. Joseph, Elkhart, Lagrange, Steuben, Dekalb, Noble, and 
Kosciusko (Fig. 1). For the remainder of the report, "the basin" refers only 
to the Indiana part of the St. Joseph River basin. (Another St. Joseph River 
in the Maumee River basin is not discussed in this report.)
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Climate

Thirty years of climatic data (1951-80) from weather stations at South 
Bend and Goshen (fig. 1) were used to determine a climatic norm (or average) 
for temperature and precipitation in the basin (U.S. Department of Commerce, 
1982) 1 . Average annual temperature is 49.5 °F. The average monthly tempera­ 
ture ranges from 23.1 °F in January to 74.0 °F in July. Precipitation average 
35.8 in/yr and ranges from 1.8 in. in February to 3.8 in. in August. 
Potential evapotranspiration for north-central Indiana is 27 in/yr (Newman, 
1981).

Geology

Bedrock

The bedrock surface underlies a cover of glacial drift throughout the 
basin and is composed of three types of shale. In the southern part of the 
basin, the upper part of the bedrock is the Antrim Shale of Late Devonian age. 
The ELlsworth Shale in the western part is of Late Devonian and Early 
Mississippian age and the Coldwater Shale in the eastern part is of Early 
Mississippian age (Shaver, 1970). The altitude of the bedrock surface ranges 
from about 900 ft in Steuben County to about 400 ft in Elkhart County (N. K. 
Bleur, G. S. Fraser, and E. J. Hartke, Indiana Geological Survey, written 
commun., 1985).

Glacial Deposits

The surface features of the St. Joseph River basin result from Wisconsin 
glaciation and subsequent erosion of the land surface. Recessions of the 
Saginaw lobe of Wisconsin ice formed many morainic uplands most notably the 
massive Packerton and the Maxinkuckee moraines along the southeastern and 
southwestern edges of the basin (fig. 1). The Packerton moraine is especially 
prominent, perhaps because it represents an "interlobate" moraine formed bet­ 
ween the Saginaw and Erie lobes (Malott, 1922, p. 117).

climatic data collected at South Bend might be affected by Lake Michigan 
to a greater extent than data collected in other parts of the basin. This 
"lake effect" probably has a larger influence on average monthly data than on 
average annual data.
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These moraines are composed mainly of unsorted material in a clay matrix 
and exhibit complex knob and kettle topography. The knobs are either till and 
composed mainly of clay, or they are kames and composed entirely or mainly of 
sand and gravel. The kettles are ice-block depressions that provide basins 
for the numerous lakes and wetlands which distinguish this area from other 
parts of the State (Schneider, 1966).

The interraoraine lowlands are remnants of meltwater channels, some of 
which form broad valley trains and outwash plains composed of thick sand and 
gravel deposits.

The northwestern part of the basin is a broad, flat region known as the 
Kankakee lacustrine section, which extends from northeastern Illinois to 
south-western Michigan and lies mostly within the Kankakee River basin. The 
area is characterized by a thin layer of sand and numerous dunes which overlie 
thick sand and gravel deposits. The sand and gravel is probably associated 
with valley train and outwash plain further to the east and south. The sand 
was probably deposited during later periods of glacial recession when melt- 
water was partially ponded (Malott, 1922, p. 114-15).

The thickness of the glacial deposits ranges from about 30 ft (feet) near 
Mishawaka to more than 500 ft near Elkhart. Most of the basin is covered with 
deposits of 200 to 350 ft in thickness. Deposits less than 100 ft in thick­ 
ness are rare (Wayne, 1956, p. 31).

Soils

The soils that developed from glacial and organic material can be divided 
into three general classes: clay, sand, and muck soils. The clayey soils 
developed on till plains and morainic uplands and are generally heavy, poorly 
drained loam soils with high clay and silt content; examples are the Miami and 
Crosier soils (Soil Conservation Service, 1973). Sandy soils developed on 
outwash and lacustrine sand and are generally highly permeable and droughty; 
examples are the Plainfield and Oshetemo soils (Soil Conservation Service, 
1973). The muck soils developed in depressions associated with wetlands and 
peat bogs. They are very poorly drained and exemplified by the Houghton and 
Adrian soils (Hillis, 1980).

Topography

The topography in the basin is highly variable. The areas of valley- 
train and outwash-plain deposits in the western and central part are rela­ 
tively flat, and local relief usually differs by less than 20 ft. Local 
relief in the knob and kettle areas can vary as much as 200 ft (Schneider, 
1966). The altitude of the land surface ranges from 700 ft near South Bend to 
1,100 ft in the eastern part.
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Land Use

Nearly three-fourths of the land area in the basin (1,234 mi2 ) is agri­ 
cultural. About 85 percent of the agricultural land is used for growing 
crops mostly corn and soybeans (Bureau of Census, 1984). The remaining one- 
quarter of the land area comprises forests, lakes and associated wetlands, and 
urban areas. The major population centers in order of decreasing size are 
South Bend-Mishawaka, Elkhart, Goshen, and Angola.

Hydrology

Surface Water

The headwaters of the St. Joseph River are in south-central Michigan. 
The river flows southwestward into Elkhart County, Indiana, and then northward 
into Michigan near South Bend in St. Joseph County, Indiana (fig. 1). The 
river discharges into Lake Michigan at Benton Harbor, Michigan. At the point 
where the river leaves Indiana, the total drainage area is 3662 mi2 , of which 
1964 mi2 is in Michigan (Hoggatt, 1975, p. 186). The mean annual discharge at 
this point is estimated to be about 3,260 ft3 /s, (cubic feet per second) based 
on a drainage area ratio with the gaging station at Niles, Mich., which has a 
mean annual discharge of 3,260 ft^/s and a drainage area of 3,666 mi2 . The 
average annual runoff originating within the Indiana part of the basin is 10.8 
in. (Reussow and Rohne, 1975). Major tributaries to the St. Joseph River 
that drain parts of Indiana are the Elkhart River, Little Elkhart River, 
Pigeon River and Fawn River.

Compared to streams in central and southern Indiana, streams in the St. 
Joseph River basin generally have higher base flows and lower flood flows per 
unit area of drainage. The narrower range of variability in streamflows 
results from two factors: (1) good hydraulic connection between highly 
permeable outwash aquifers and stream channels and (2) the large amount of 
surface-water storage from lakes and wetlands. During periods of intense 
precipitation or rapid snowmelt, much of the runoff is delayed by high rates 
of percolation into the ground-water system and by temporary surface storage. 
During periods of drought, this stored water is released to the stream 
channels. Thus, many streams in the basin provide a reliable and relatively 
uniform supply of water year-round.

The relative uniformity of streamflow in the basin is illustrated by the 
work done by Arihood and Glatfelter (1986), who estimated the flow-duration 
ratios for gaging stations in Indiana. The flow-duration ratio is the ratio 
of the discharge that is exceeded 20 percent of the time to the discharge that 
is exceeded 90 percent of the time. These values were determined from a flow- 
duration curve, which is a cumulative frequency curve that shows the percent­ 
age of time during which specified discharges were equaled or exceeded in a

-8-



given period (Searcy, 1959). Searcy also states that a curve with a steep 
slope throughout denotes a highly variable stream whose flow is largely from 
direct runoff, whereas a curve with a flat slope indicates the presence of 
surface- or ground-water storage, which tends to equalize the flow. The lower 
the value of the flow-duration ratio, the flatter the slope of the flow- 
duration curve and the more uniform the flow. For the St. Joseph River basin, 
the flow-duration ratio averaged from 5 to 10, which indicates that the slope 
of the flow-duration curve is flat. By comparison, values for central Indiana 
average from 3 to 45, with a mean of 20. For southern Indiana, the flow- 
duration ratio is undefined, because the discharge at the 90-percent flow 
duration is usually zero.

More than any other area of the State, the basin is characterized by its 
many natural lakes of glacial origin. Schneidu* (1966, p. 53) indicates the 
lakes and peat bogs in this area may number in the thousands. Most are small, 
although at least 150 lakes have surface areas greater than 50 acres and (or) 
storage capacities of greater than 32 Mgal (million gallons) (Governor's Water 
Resources Study Commission, 1980, p. 191-193). Lake Wawasee in Kosciusko 
County is the largest lake (2,618 acres), and several lakes have maximum dep­ 
ths of nearly 100 ft (Indiana Stream Pollution Control Board, 1980, p. 1, 77).

Most of the lakes are along the southern and eastern parts of the basin 
in morainal areas. These areas are the headwaters for the major tributaries 
to the St. Joseph River in Indiana.

Ground Water

The St. Joseph River basin has some of the most productive aquifers in 
the State. The unconsolidated glacial deposits that underlie the entire basin 
are the major source of ground water. The most productive aquifers are in 
outwash plain and valley-train deposits along meltwater channels and in inter- 
morainal lowlands. These aquifers are primarily in northern ELkhart, 
Lagrange, and St. Joseph counties; in northeastern Noble County; and north­ 
eastern Kosciusko County where sand and gravel deposits of 200 ft in thickness 
and transmissivities of 50,000 ft2 /d (feet squared per day) are common. 
Potential well yields range from 400 to more than 2000 gal/min (gallons per 
minute) (Governor's Water Resources Study Commission, 1980). Recharge to the 
outwash aquifers averages about 11 in/yr and can be as high as 25 in/yr 
(Pettijohn, 1968). Most of the recharge to the ground-water system discharges 
to streams and lakes and represents about 80 percent of the average annual 
streamflow runoff from the basin (Reussow and Rohne, 1975).

Regional (deep) ground-water flow through the unconsolidated material is 
toward the St. Joseph River. Flow in shallower aquifers generally is toward 
nearby tributaries and lakes, although variations in geology can noticeably 
alter ground-water flow paths locally (Bailey and others, 1985; Lindgren and 
others, 1985).
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Water Use

All public and private drinking-water supplies in the basin obtain water 
from ground-water wells that tap the basin's highly productive aquifer sy­ 
stems. South Bend Public Utility2 , the largest single user of ground water, 
withdrew an average of 25 Mgal/d in 1985 (James Hebenstreit, Indiana Depart­ 
ment of Natural Resources, Indianapolis, Indiana, oral commun., 1986). Total 
withdrawal by all public water supplies averaged 44 mgal/d in 1980 (Indiana 
Department of Natural Resources, 1982a). Private wells for domestic and live­ 
stock use withdrew an average of 15 mgal/d in 1980 (Indiana Department of 
Natural Resources, 1982b).

Most industries in the basin purchase water from public utilities al­ 
though many of the largest industries are self-supplied. The self-supplied 
withdrawals are primarily from wells; however, several industries in Elkhart 
and St. Joseph Counties withdraw water from the St. Joseph River (Governor's 
Water Resources Study Commission, 1980, p. 177).

Agricultural irrigation is probably the fastest growing use of water in 
the basin and may be the largest consumptive use. In 1982, an estimated 
41,000 acres of cropland were irrigated, which, during a year of normal pre­ 
cipitation, would require an estimated withdrawal of 87 mgal/d during the 
irrigation season (June through August). Present estimates indicate that 
about two-thirds of the water used for irrigation in the basin is from ground 
water and one-third is from surface water.

Water is used for power generation to operate coal-fired steam turbines 
at one facility and hydro-electric generators at four facilities. The coal- 
fired facility at South Bend uses about 160 mgal/d from the St. Joseph River 
to generate up to 250 MW (megawatts) of electricity (Governor's Water 
Resources Study Commission, 1980, p. 177). The four hydroelectric facilities 
 one each on the St. Joseph and Elkhart Rivers and two on Fawn River have a 
combined capacity of 12 MW. An additional five hydroelectric plants are plan­ 
ned that would have a combined capacity of 4 MW (John Fisher, Lawson-Fisher 
Associates, oral commun., 1985).

of the trade names and firm names in this report is for identification 
purposes only and does not constitute endorsement by the U.S. Geological 
Survey .
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STREAMFLOW-MONITORING NETWORK

General Description

In 1930, the State of Indiana and the U.S. Geological Survey began a 
cooperative program to collect streamflow data throughout the State. As part 
of this program, the first station within the basin was established on the 
Elkhart River at Goshen in 1931. Since that time, 15 continuous-record gaging 
stations and 15 partial-record stations were established (table 1). Current­ 
ly, 11 continuous-record and one partial-record station are still in opera­ 
tion.

Discharge and/or stage data are collected for all stations in the stream- 
flow network in the St. Joseph River basin. Data from these stations are 
published annually in "Water Resource Data for Indiana" on a water-year basis 
(October 1 through September 30).

The type of stations operated are classified as continuous or partial 
record. Continuous-record stations record stream stage using an automatic 
recording device. To convert continuous stage record to discharge requires 
development of a rating (stage-discharge relation). The rating is developed 
by making measurements of discharge throughout the range-in-stage at the 
station. Because of both natural and manmade changes to the stream channel, 
the stage-discharge relation is not constant. Because of this, discharge 
measurements are made periodically throughout the year as a basis to confirm 
or revise the rating.

Partial-record stations are established when only a specific type of data 
is needed and where continuous record of stage or discharge is not required. 
Partial-record stations are primarily established to provide information on 
floods and low-flows. At many high-flow, partial-record stations, a crest- 
stage gage is installed that registers the peak stage between inspections of 
the station (Glatfelter and others, 1985, p. 234). The location of discontin­ 
ued and current continuous and partial-record stations are shown in figure 2.
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Specific Data Uses

Each station in the streamflow network was established to provide data to 
meet some specific need for example, to document floods, record low flows, or 
determine mean-daily discharge. Whatever the reason for establishing a 
station, data collected are often used by many Federal and State agencies, 
local governments, and private industry. In the St. Joseph River basin, the 
use of streamflow stations can be categorized into six major uses. These uses 
are listed in table 1 under "data use" and are defined as follows:

  Regional Hydrology: Streamflow stations that are useful in 
defining regional flow characteristics. Streamflow at the 
gaging station must be largely unaffected by manmade sto­ 
rage or diversion and the effects of human activities on 
streamflow must be limited to those caused primarily by 
land use. Stations on streams affected by manmade storage 
are included provided that the discharge from the storage 
facility is uncontrolled. Regional hydrology stations are 
useful for defining streamflow characteristics that are 
transferable to other unaffected sites in the region.

  Hydrologic Systems: Streamflow stations that can be used to 
define current and long-term hydrologic conditions are 
designated as hydrologic-systems stations. Included are 
stations that are affected by diversions and return flows, 
and stations that are useful for defining the interaction 
of water systems.

  Planning and Design: Streamflow stations that are used for 
the planning and design of a specific structure or group 
of structures such as a dam, levee, floodwall, navigation 
system, water-supply diversion, hydropower plant, or 
water-treatment facility. The planning and design cate­ 
gory is limited to those stations that were established 
for such a purpose and where this purpose is still valid.

  Project Operation: Streamflow stations that are used on an 
ongoing basis to assist water managers in making opera­ 
tional decisions such as reservoir releases, hydropower 
operations, or diversions. Project operation use gener­ 
ally implies that the data are routinely available to the 
operators on a real-time basis. For projects on large 
streams, data may only be needed every few days.

  Hydrologic Forecasts: Streamflow stations that are regu­ 
larly used to provide information for hydrologic forecast­ 
ing. This includes flood forecasts for a specific river 
reach, or periodic (daily, weekly, monthly, or seasonal) 
flow-volume forecast for a specific site or region. Hy­ 
drologic forecasts use generally implies that the data are 
routinely available to the forecasters on a real-time 
basis. On large streams, data may only be needed every 
few days.
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Water-Quality Monitoring: Streamflow stations where water 
quality or sediment transport is monitored and/or where 
Streamflow data contribute to the interpretation of the 
water-quality or sediment data. These data generally are 
used to monitor current conditions so that trends in 
stream water quality can be determined.

Existing Network

The purpose of this discussion is to review the existing network of 
Streamflow stations in the St. Joseph River basin and to offer suggestions as 
to how the network could be improved.

Earlier studies attempted to evaluate the statewide network of Streamflow 
stations. In 1970, an in-depth review was made by Marie and Swisshelra (1970). 
The authors reviewed the purpose of each station and evaluated whether the 
purpose was being met. As a result of their work, two stations (North Branch 
Elkhart River near Cosperville, Ind., and Pigeon Creek at Hogback Lake Outlet 
near Angola, Ind.) in the St. Joseph River basin were relocated.

A recently completed analysis of the statewide Streamflow network 
(Stewart and others, 1986) considered the need for each station and establish­ 
ed the maximum efficiency in operating the network. As part of this study, a 
questionnaire was sent to each state and federal agency to survey their needs 
for Streamflow data. The result of the survey indicated needs in the St. 
Joseph River basin for peak flow, low flow, mean-daily flow, flow duration, 
and real-time data. From analysis of the questionnaire, the author determined 
that there is sufficient justification for continuing the operation of all 
existing continuous-record stations in the basin.

Considering the six categories of use for a Streamflow network in the St. 
Joseph, only those stations acceptable defining regional hydrology are review­ 
ed. The review of these stations does not include consideration of the other 
five categories of use, which address specific needs. Only the user of the 
data can determine if the station is meeting its intended purpose regarding 
uses in these other five categories.

The primary purpose of the regional hydrologic network in the St. Joseph 
River basin is to provide estimates of flow at any point on any stream unaf­ 
fected by manmade storage or diversion. Thus, the stations selected for this 
network should represent a wide range of factors affecting the flow regimes in 
the basin.

Six continuous recording stations are acceptable for defining regional 
hydrology in the basin. These stations are listed in table 2. The other nine 
stations are not acceptable because flow upstream from the stations is (or 
was) regulated by variable control structures or because the period of record 
is too short (less than 10 years) to define most Streamflow characteristics. 
For example, at the station Elkhart River at Goshen, only the record from 1970
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to the present is usable for defining regional hydrology. Prior to 1970, flow 
was affected by hydroelectric generating stations upstream from the gage 
(Nieting, J. A., Northern Indiana Public Service Company, oral commun., 1985).

Table 2. Continuous-record stations acceptable for regional hydrology in the
St. Joseph River basin, Indiana

Site 
number Station

Length 
of

usable
record 
(years)

Lake 
effect

Contributing 
drainage

area

Area
(square 
miles)

Percent of
total

drainage 
area

Calculated
flow-

duration 
ratio

A10 Pigeon Creek near Angola 40 Yes 83.5 79 8 
A2 Pigeon River near Scott 17 Yes 307. 85 4 
All Little Elkhart River

at Middlebury 6 No 91.7 94 3
A12 Pine Creek near Elkhart 6 No 22.3 72 3
A13 Rimmell Branch near Albion 6 Yes 10.7 100 21
A6 Elkhart River at Goshen1 14 Yes 594. 100 5

^Flow affected by control and (or) diversion prior to water year 1971.

The factors selected as criteria for assessing the regional hydrology 
stations are areal distribution, lake effect, contributing drainage area, and 
flow-duration ratio.

Five of the six stations acceptable for regional hydrology are on streams 
that drain areas in the northeastern and central parts of the basin (fig. 2). 
The sixth stream Rimmel Branch near Albion drains an area along the south­ 
eastern boundary. The station on the Elkhart River at Goshen measures stream- 
flow from much of the southern part of the basin, but stations on smaller 
streams in this area and in the western area are lacking.

Lakes are a dominant feature of the study area and have a strong influ­ 
ence on the flow characteristics. If runoff from 5 percent or greater of the 
drainage above the point of consideration flows through a lake the station is 
listed as lake affected. Of the six stations acceptable for regional hydro­ 
logy, four have lake effect and two do not (table 2).

Contributing drainage area includes that part of the total drainage area 
that contributes directly to streamflow and it includes topographical depres­ 
sions that have no surface-water drainage. Contributing drainage area has 
been shown to be the most important variable in predicting low flow (Arihood
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and Glatfelter, in press) and peak flow (Glatfelter, D. R., U.S. Geological 
Survey, written commun., 1985) in Indiana. For the seven stations, the range 
of values for contributing drainage area is from 0.64 to 594 mi2 . Three 
stations have values less than 50 mi2 , and four have values greater 
(table 2).

The flow-duration ratio used in this report is the flow at the 20-percent 
flow duration divided by the flow at the 90-percent flow duration. The ratio 
integrates the effects of various basin characteristics such as basin storage, 
geology, soil type, land use, and climate into one descriptive statistic and 
has been useful in predicting low flows at ungaged sites in Indiana (Arihood 
and Glatfelter, in press). A low value of the ratio indicates a flow-duration 
curve with a flat slope characteristic of streams with low peak flows and 
well-sustained low flows. Conversely, a high value of the ratio indicates a 
flow-duration curve with a steep slope characteristic of streams with high 
peak flows and reduced low flows.

Values of the flow duration ratio calculated for the seven stations 
acceptable for regional hydrology range from 3 to 21 (table 2) compared to 
values ranging from 2 to 62 for stations unaffected by flow regulation 
throughout the State (Arihood and Glatfelter, in press). The relatively low 
range of values in the basin illustrates that, in general, factors 
contributing to the ratio combine to produce lower peak flows and higher low 
flows for these streams than for streams in other parts of the State.

In order for the regional hydrology network to adequately define the flow 
regime in the basin, the gaging stations in the network need to be at sites 
that represent the general hydrologic characteristics of ungaged streams. For 
the purposes of this report, ungaged streams are those with drainage areas 
greater than 5 mi2 and with less than 50 percent of the drainage area gaged. 
The authors have identified 66 ungaged streams in the basin (table 3). These 
are streams for which flow characteristics might be estimated using data from 
the regional hydrology gaging stations. Thus, comparison between the charac­ 
teristics of the ungaged streams and those of the regional hydrology stations 
is useful in evaluating the regional hydrology network.

Lake effect is a factor that influences flow for 42 percent of the ungag­ 
ed streams and two-thirds of the regional hydrology stations.

The range of contributing drainage areas for the regional hydrology sta­ 
tions is 10.7 to 594 mi2 (table 2) compared to a range of 4.36 to 183 mi2 
(table 3) for ungaged streams. Regional hydrology stations with contributing 
drainage areas of about 5, 50, and 200 mi2 are not included in the network.

In terms of flow-duration ratio, the regional hydrology stations adequa­ 
tely represent the ungaged streams. Values of flow-duration ratio for ungaged 
streams were estimated by regionalization methods described by Arihood and 
Glatfelter (in press). For ungaged streams, ratio values range from 3 to 10 
(table 3) compared to values ranging from 3 to 21 for the regional hydrology 
stations (table 2).
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Table 3. Ungaged streams in the St. Joseph River basin, Indiana 

[  , value has not been determined; USGS, U.S. Geological Survey]

Stream and location

Trout Creek at mouth
Rowe Eden ditch at mouth
Mather ditch at mouth
Washington Township ditch

at mouth
Sheep Creek at mouth

Puterbaugh Creek at mouth
Osolo Township ditch

at mouth
Christiana Creek at mouth1
Philips ditch at mouth
Stony ditch at mouth

Dry Run at mouth
Meyer ditch at mouth
Hire ditch at mouth
Solomon Creek at mouth
Whetten ditch at mouth

Dausman ditch at mouth
Swoveland ditch at mouth
Turkey Creek at mouth2
Boyer ditch at mouth
Hoover ditch at mouth

Horn ditch at mouth
Rock Run Creek at mouth
Leedy ditch at mouth
Co bus Creek at mouth
Billman ditch at mouth

Grimes ditch at mouth
Township ditch at mouth
Rogers ditch at mouth

County

Elkhart
Elkhart
Elkhart

Elkhart
Elkhart

Elkhart

Elkhart
Elkhart
Elkhart
Elkhart

Elkhart
Elkhart
Elkhart
Elkhart
Elkhart

Elkhart
Elkhart
Elkhart
Elkhart
Elkhart

Elkhart
Elkhart
Elkhart
ELkhart
Elkhart

Elkhart
Elkhart
Elkhart

Total 
drainage 
area 
(square 
miles)

28.2
30.2
12.6

14.6
9.8

16.3

11.5
128

5.85
20.3

6.4
9.02
5.51

45.9
5.77

12.2
9.08

183
6.00

10.3

14.9
43.5
9.56

33.6
5.11

20.2
10.2
9.47

Contributing 
drainage 

area 
(square 
miles)

   
30.2
12.6

   
9.8

   

11.5
128

5.65
18.1

6.4
9.02
5.51

42.3
5.77

12.2
9.08

183
6.00
9.6

14.9
43.5
9.56

30.0
5.11

20.2
10.2
9.47

Lake 
effect

No
No
Yes

No
No

Yes

Yes
No
No
No

No
No
No
No
No

No
No
Yes
No
No

No
No
No
No
No

No
No
No

Estimated 
flow- 

duration 
ratio

5
5
5

5
5

5

5
5
10
5-10

5
5
5
5
5

5-10
5-10
5-10
10
10

5-10
5-10
5
5
10

10
10
10

Fawn River at Indiana- 
Michigan State Line3

Turkey Creek at inlet to 
Mongo Reservoir1*

Lagrange 193 157 

Lagrange 64.3 62.8

No 

Yes
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Table 3. Ungaged streams in the St. Joseph River basin, Indiana Continued

Stream and location

East Fly Creek at mouth
Fly Creek at mouth
Rowe ditch at mouth
East Buck Creek ditch

at inlet to Buck Creek
Buck Creek at inlet

into Pigeon Lake

Van Natta ditch at mouth
Page ditch at mouth
Hostetler ditch at mouth
Bontrager ditch at mouth
Adams Lake outlet at mouth

Little Elkhart Creek at
inlet to Whitmer Lake

Oliver Lake outlet at mouth
Crooked Creek above
Tamarack Lake outlet

Mud Creek at mouth
Mud Lake at outlet

Mud Creek at inlet into
Big Turkey Lake

Tamarack Lake at outlet
Waterhouse Lake at outlet
Oviatt ditch at mouth
Middle Branch Elkhart

River at mouth

Clock Creek at inlet into
Turkey Lake

Dry Run at mouth
Huston ditch at mouth
Winebrenner ditch at mouth
Carol Creek at inlet into
Muncie Lake

Croft Creek at mouth5
Long ditch at mouth
Lower Long Lake outlet

at mouth
South Branch Elkhart River
at mouth6

Sparta Lake ditch at mouth

County

La grange
Lagrange
La grange

Lagrange

Lagrange

Lagrange
Lagrange
Lagrange
Lagrange
Lagrange

Lagrange
Lagrange

Steuben
Steuben
Steuben

Steuben
Noble
Noble
Noble

Noble

Noble
Noble
Noble
Noble

Noble

Noble
Noble

Noble

Noble
Noble

Total 
drainage 
area 
(square 
miles)

24.2
43.3
7.52

18.7

25.7

7.33
19.7
9.5

34.3
6.93

31.7
15.1

57.5
5.31

14.2

7.08
19.4
5.79
9.33

37.3

15.6
7.56
8.09
6.74

18.5

24.9
5.85

5.31

114
5.56

Contributing 
drainage 

area 
(square 
miles)

24.2
41.7
7.52

18.7

24.7

7.33
16.9
9.5

34.3
6.93

31.7
15.1

51.3
5.31

14.2

7.08
19.4
5.79
9.33

37.3

15.6
7.56
8.09
6.74

18.5

24.9
5.85

5.31

114
4.36

Lake 
effect

Yes
Yes
No

Yes

Yes

No
Yes
No
Yes
Yes

Yes
Yes

Yes
No
Yes

Yes
Yes
Yes
Yes

Yes

Yes
Yes
No
No

Yes

Yes
No

Yes

Yes
Yes

Estimated 
flow- 

duration 
ratio

5
5
5

5

5

5
5
5
5-10
5-10

10
5-10

5-10
10
10

5-10
10
10
10

10

10
10
5-10
10

10

10
10

10

5-10
5
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Table 3. Ungaged streams in the St. Joseph River basin, Indiana Continued

Stream and location County

Total 
drainage 
area
(square 
miles)

Contributing 
drainage 

area
(square 
miles)

Lake 
effect

Estimated 
flow-

duration 
ratio

Turkey Creek at inlet
into Lake Wawasee

Wabee Lake outlet at mouth
Coppes ditch at mouth
Omar-Neff ditch at mouth
Berlin Court ditch

at mouth
Baugo Creek at mouth
Eller Ditch at mouth
Willow Creek at mouth
Judy Creek at mouth

Kosciusko
Kosciusko
Kosciusko
Kosciusko

Kosciusko
St. Joseph
St. Joseph
St. Joseph
St. Joseph

15.9
15.9
21.4
11.5

18.6
79.9
7.44
7.80

37.7

15.9
12.7
21.4
11.5

18.6
79.9

7.44
7.80

29.7

Yes
Yes
No
No

No
No
No
No
No

5
5
5
10

10
5-10
5-10
5
3-5

1 USGS gage upstream at Christiana Creek at Elkhart (discontinued). 
2USGS gage upstream at Turkey Creek at Syracuse. 
3 USGS gage upstream at Fawn River at Orland (discontinued). 
**USGS gage upstream at Pretty Lake Inlet near Stroh (discontinued). 
^USGS gage upstream at Rimmell Branch near Albion.
6 USGS gage upstream at Rimmell Branch near Albion and Forker Creek near 

Burr Oak.

Suggested Improvements

The areal distribution of the six regional hydrology stations provides 
adequate coverage for the northern and eastern parts of the basin. Additional 
stations in the southern and western parts would improve coverage for those 
areas.

The distribution of stations between those affected and those unaffected 
by lakes adequately represents the basin. Any additional stations added to 
the network should maintain this distribution.

The network could be improved by adding stations with contributing drain­ 
age areas of about 5, 50, and 200 mi2 .

It is commonly possible to select gaging sites that serve more than one 
purpose. Of the six stations acceptable for regional hydrologic-data collec­ 
tion, three are multipurpose stations (table 1). When selecting sites for 
continuous-record stations for any purpose, the factors contributing to ac­ 
ceptable regional-hydrology stations also should be considered. If accepta­ 
ble, these stations could be used not only to calculate streamflow statistics
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for the stream on which they are located, but also to estimate flow character­ 
istics for other streams with similar drainage. This practice greatly extends 
the usefulness of the record.

Partial-record stations might be more desirable than continuous-record 
stations if only limited information, such as flood frequency and (or) low- 
flow frequency, is needed. Compared to continuous-record stations, partial 
record stations cost about one-sixth as much to install and operate 
(Glatfelter, D. R., U.S. Geological Survey, oral commun., 1985).

Where real-time data are needed, gaging stations can be equipped with 
telecommunications equipment. This equipment provides stage information by 
direct telephone access or by satellite communication with a computer.

LAKE-LEVEL MONITORING NETWORK

Description

In 1943, the Geological Survey, in cooperation with the Indiana Depart­ 
ment of Conservation (now IDNR), began to monitor lake levels on six lakes in 
the basin. By 1950, the number of lakes being monitored increased to 49 pri­ 
marily in response to a State law mandating the Department of Conservation to 
establish legal levels for all lakes in the State. The established level is 
based on an average of the high and low levels over the period for which lake 
data are available. To date, lake-level data have been collected for 98 lakes 
(table 4 and figure 2). The current network comprises 32 continuous-record 
gaging stations, which monitor lake levels on 52 lakes.
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Existing Network

The network has two purposes. The first is to collect data on lakes 
without established levels so that a legal level can be established. The 
second is to provide long-term monitoring of lakes with established levels.

In fulfilling the first purpose, legal levels have been established for 
85 of the 98 lakes for which data have been collected. Of the remaining 13, 8 
have 10 years or more of data. The other five have less than 10 years of data 
and are not currently being monitored.

The second purpose of the network   to monitor levels in lakes with 
legal levels   provides a way to monitor the fluctuations above and below the 
legal level. Fluctuations can be a problem especially where lakes are sur­ 
rounded by farmland or by seasonal or permanent communities. A relatively 
small rise in lake levels, generally occurring in the spring, can cause local 
flooding where relief is flat and surface drainage is poor. During late sum­ 
mer and autumn, lower lake levels increase hazards for boating and other 
recreational activities.

In an attempt to control lake levels, IDNR maintains 43 control struc­ 
tures that affect the levels of 56 lakes of record (table 5). The effective­ 
ness of these structures depends on the factors that influence the water 
budgets of lakes. Components of a lake budget include precipitation, evapo- 
transpiration, surface-water inflow and outflow, ground-water inflow and 
outflow, and change in lake storage. Of these components, surface-water 
inflow and outflow and change in lake storage are most affected by control 
structures that is, control structures are most effective for lakes with 
substantial surface-water inflow and outflow. For many lakes in the basin, 
especially those in permeable outwash deposits with little or no surface water 
flux, ground water may represent the largest component of inflow and outflow. 
For these lakes, control structures are less effective especially during 
periods when the elevation of the water table surrounding the lake is lower 
than the elevation of the crest of the control structure.

Heaton Lake near Elkhart (fig. 3), site number 12 (fig. 2), provides an 
example of a lake for which ground water probably accounts for a major part of 
the water budget. The lake drains 9.33 mi^ and has a maximum depth of 22 ft. 
Outflow from the lake is controlled by a fixed-crest concrete weir. The sur- 
ficial geology of the area indicates the lake is developed in highly permeable 
outwash deposits (Kirshner and McCarta, 1974). Observation wells Elkhart-5 
and Elkhart-6 near the lake are finished in surficial outwash at depths of 13 
ft and 22 ft below land surface. A comparison of hydrographs for the two 
wells with a hydrograph of the lake for 1979 to 1983 indicates a good hydrau­ 
lic connection between the lake and surrounding outwash aquifer (fig. 4). An 
analysis of lake level data by Paul Chester (Indiana Department of Natural 
Resoures, Division of Water, written commun., 1981) showed that water levels 
in Heaton Lake are at least one foot below the elevation of the weir more than 
50 percent of the time. Chester's work indicates that, in addition to Heaton 
Lake, at least 14 other lakes have water levels below the elevation of the 
control structure more than half of the time (table 6).
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Figure 3.- Location of observation wells Elkhart-5 and 

Elkhart-6 relative to Heaton Lake.
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WATER YEAR

Figure 4.- Maximum monthly water levels in Heaton Lake and in 

observation wells Elkhart-5 and Elkhart-6, 1979-83 water years.
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Table 6. Lakes with water levels below the elevation of 
the control structure more than 50 percent of the time.

[Information provided by Indiana Department of Natural 
Resources, Division of Water]

Lake

Bear Lake 
near Wolf lake

Big Long Lake 
near Stroh

Bixler Lake 
at Kendalville

County

Noble

Lagrange

Noble

Blackman Lake Lagrange 
near Wolcottville

Fish Lake 
near Scott

Heaton Lake 
near Elkhart

Latta Lake 
near Rome City

Lagrange

Elkhart

Noble

Lake

Little Long Lake 
at Kendallville

Little Turkey Lake 
at Elmira

Mud Lake 
near Or land

Pretty Lake 
near Stroh

Skinner Lake 
near Albion

South Twin 
near Ho we

Syracuse Lake 
at Syracuse

Wawasee Lake 
at Wawasee

County

Noble

Lagrange

Steuben

Lagrange

Noble

Lagrange

Kosciusko

Koscuisko

The causes of low lake levels are likely to be different among the lakes, 
but a knowledge of their water budgets would certainly be needed to identify 
the causes. Presumably, rates of precipitation and evapotranspiration are 
similar among all lakes in the basin, and surface water inflow and outflow are 
relatively easy to measure. However, the ground-water component of lake bud­ 
gets can be highly variable from one lake to another and is usually the most 
difficult component to estimate. Existing information on glacial geology and 
ground-water flow is not adequate to evaluate the ground water component for 
lakes in the basin. This subject is discussed in more detail in the section 
"Ground-water-level monitoring network" (page 35).

-34-



Suggested Improvements

Assessment of the monitoring network for lake levels suggests several 
types of analyses that could be done with existing data to improve current 
knowledge of the lakes in the basin.

An analysis of lake-level frequency using long-term lake-level records 
could provide information on the magnitude and frequency of flooding.

A comparison of the fluctuations in lake levels before and after the 
installation of control structures could be used to evaluate the effectiveness 
of the structures in maintaining legal levels during drought periods.

For lakes with water levels frequently below the elevation of the crest, 
a review of pre-structure water levels and a preliminary water budget analysis 
would be useful in re-evaluating the elevation of crest. By including infor­ 
mation on hydrogeology, ground-water flow to and from the lake could be eva­ 
luated. This analysis would also be useful during planning stages for antici­ 
pated control structures.

Legal levels could be established for lakes with adequate data.

GROUND-WATER-LEVEL MONITORING NETWORK

Description

In 1935, the Geological Survey and the Indiana Department of Conservation 
(now IDNR) began a cooperative program to monitor water levels in 87 wells in 
the northern part of the State. Seven of these wells were in the basin 
(table 7). From 1944 to 1947, 21 wells were added to the basin network. Of 
these, 17 were in St. Joseph County, and were used to monitor changes in water 
levels in the vicinity of South Bend (fig. 2). By the mid 1950's many of 
these wells were discontinued because of the close similarity of their water 
level patterns.

Currently, the network in the basin comprises 15 observation wells with 
water-level recorders (table 7). The data are collected for four purposes:

  To determine the interaction between ground water and lakes.

  To measure changes in ground-water levels near high-production 
irrigation wells.

  To measure changes in water-levels at special purpose (small area) 
sites.

  To measure long-term changes in water levels in areas not affected 
by pumping.
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Existing Network

In 1976, the ground-water network in the State was reviewed by Marie 
(1976). His suggestions for modifying the network included (1) installing 
observation wells in areas with special ground-water problems or potential 
problems, (2) ensuring that the type of record being collected on each well is 
consistent with its purpose, (3) determining the accuracy requirements for 
data of all the wells in the network, and (4) periodically re-evaluating the 
network to ensure that the State's objectives remain valid and that the net­ 
work is adequately meeting those objectives. Marie also proposed seven well 
classifications for grouping the wells in the network:

(1) Long-term trend (continuous monitoring)
(2) Long-term trend (periodical monitoring)
(3) Short-term unaffected by pumpage
(4) Short-term affected by pumpage
(5) Project
(6) Current-purpose
(7) Discontinued

Water levels from seven wells near three gaged lakes have been monitored since 
1978 in an attempt to draw inferences about the effect of ground-water on lake 
levels (table 8). Comparisons of water levels in the wells and nearby lakes 
have been useful in observing correlations between fluctuations in the water 
table and lake levels (see section "Lake-level Monitoring Network"). However, 
the wells have not provided quantitative information on cause-and-effect rela­ 
tions between ground-water flow and lake levels, because the number and (or) 
location of the wells is not adequate to define the water-table configuration 
in the vicinity of the lakes.

Moreover, recent hydrogeologic studies demonstrate that the relations 
between ground water and lakes are much more complex than was assumed when the 
network was installed. Hypothetical lake and ground-water systems have been 
simulated by Winter (1976) and McBride and Pfaunkuch (1975), and real lake and 
ground-water systems have been simulated by Larson and others (1975), Munter 
(1979), Siegel and Winter (1980), and Winter and Carr (1980). These studies 
demonstrate that ground-water flow near and below lakes as well as between 
lakes in multiple-lake settings, such as those found in the St. Joseph River 
basin, can be influenced by depth of the lake(s), the local water-table con­ 
figuration, and the heterogeneity and anisotropy of the underlying aquifer 
system. Seigel (1981, 1983) has shown these factors also to be important for 
ground-water flow near wetlands. These steady-state model studies of lakes 
and wetlands show that the scale of ground-water flow paths toward and away 
from lakes is controlled by these factors and varies considerably from one 
hydrogeologic setting to another.

Agricultural irrigation has become the major consumptive use of water in 
the basin and may double by the year 2000 (Governor's Water Resource Study 
Commission, 1980, p. 482). The authors estimate that at least two-thirds of 
the water used for irrigation is from ground-water withdrawals.
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Table 8. Active observation wells
near lakes in the St. Joseph

River basin, Indiana

Well Lake

Elkhart 5 Heaton Lake
Elkhart 6 Heaton Lake
Noble 10 Sylvan Lake
Kosciusko 6 Syracuse Lake
Kosciusko 7 Syracuse Lake
Kosciusko 8 Syracuse Lake

Five observation wells are located in four areas of intensive irrigation 
to monitor water levels year-round. Elkhart-4 is south of Goshen, Elkhart-7 
is north of Elkhart, Kosciusko-9 is north of Milford, and Lagrange 2 and 3 are 
east and south of Howe (fig. 2). At least three high-production wells for 
irrigation are within a 1-mile radius of each of the observation wells.

Hydrographs of maximum daily water levels for five wells closely resemble 
each other. The hydrographs of well Elkhart-4 for the 1967 and 1983 growing 
season (April through September) provides an example (fig. 5). The hydrograph 
of well Elkhart-8 (located away from irrigation pumping) for the same 6-month 
period in 1983 is provided for comparison. The three hydrographs are all 
remarkably similar. Any effects of irrigation pumping (June through August) 
on the water levels of well Elkhart-4 or on the water levels of the four other 
observation wells near irrigation are not apparent from the water-level 
records collected to date.

The reasons for the apparent lack of effect of irrigation on ground-water 
levels, are the relatively high transmissivity (5,000 to 16,000 ft2 /d) of the 
glacial aquifers, the relatively high rates (10 inches/year) of recharge, and 
the relatively small demand (compared to supply) placed on the system. 
Imbrigiotta and Martin (1981) studied the northwestern corner of Elkhart 
County and noted high transmissivity and recharge for outwash aquifers. These 
factors were explored more fully by Bailey and others (1985) and Lindgren and 
others (1985) for two irrigation areas near Milford and Howe.

One observation well, Elkhart-8, was installed to monitor ground-water 
levels at a special-purpose site. This well was installed in 1983 to contin­ 
uously monitor water levels in an outwash aquifer near Elkhart. The well 
provides information in support of a ground-water quality monitoring program 
by the City of Elkhart. Data from the well are used to characterize long-term 
water-level trends and identify appropriate times for sampling. Elkhart-8 is 
expected to provide valuable information for the water-quality sampling pro­ 
gram for the foreseeable future.
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Two observation wells (Noble-9 and Nbble-8) were installed to monitor 
long-term changes in water levels in areas not affected by pumping. Noble 9 
is located at an intrabasin, surface-water divide. This well was installed to 
evaluate water-level changes in a natural lakes area. The pattern of the 
hydrograph (fig. 6) is similar to the patterns for other observations wells in 
the basin, but the magnitude of the fluctuations (up to 8 ft) is much greater 
than it is for the other wells. The large fluctuations probably result from 
the position of the well on a ground-water divide--an area that would be sub­ 
ject to large water-table fluctuations during and following recharge events.

Noble 8 is screened in a deep, confined aquifer. The fluctuations in 
water levels in the aquifer are small compared to fluctuations in the other 
wells (fig. 6). The small fluctuations probably result from the well tapping 
a regional flow system which would be subject to small variations in recharge 
and discharge. It is doubtful that either Noble 9 or Noble 8 will provide 
additional useful information unless increased water withdrawal is anticipated 
nearby or other objectives for the wells can be identified.

Suggested Improvements

The purposes of the ground-water network have evolved from general moni­ 
toring of background water levels to addressing several more specific objec­ 
tives. The eight wells near lakes have provided sufficient information on the 
degree of similarity between fluctuations in ground-water levels and nearby 
lake levels. If more quantitative analysis of interaction between ground 
water and lakes is needed, the present network needs modification.

A minimum of two and preferably more closely spaced wells along a line 
perpendicular to the lake's shoreline could provide useful information about 
the water-table configuration from which inferences about ground-water flow to 
the lake could be drawn. At many of the lakes in the basin, several nests of 
wells screened at different vertical intervals may be necessary to provide a 
preliminary understanding of the interactions of the lake with the surrounding 
ground-water system. Without these improvements, the present network will 
probably provide no additional useful hydrologic data for either water manage­ 
ment or scientific study, and could be considered for abandonment.

The five wells near irrigation withdrawals show no effect from pumping. 
Recent studies in the irrigation areas near Milford and Howe conclude that 
withdrawals for irrigation would have to increase several fold before water 
levels would be significantly affected. The observation wells appear to ade­ 
quately represent water levels in their respective areas and may be useful in 
monitoring effects from future water-use development.

Another area that could be considered for monitoring of the effects of 
large withdrawals is the South Bend and Mishawaka municipal well fields, which 
represent the largest ground-water withdrawal in the basin. More than 30 
Mgal/d were withdrawn from the municipal wells in 1978 (Governor's Water 
Resource Study Commission, 1980). The effect of large-scale, year-round 
pumping on ground-water levels in that area is not known.
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1979 1980 1981 

WATER YEAR

1982 1983

Figure 6.- Maximum monthly water levels in observation wells Noble-8 

and Noble-9. 1979-83 water years.
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Perhaps the greatest needs for ground-water information in the basin are 
a delineation of the major aquifer systems and a better understanding of 
ground-water flow patterns. These needs are not easily met because of the 
complexity of the hydrogeologic environment, as was discovered in the studies 
near Howe and Milford. However, when changes are planned to the present net­ 
work obtaining this information would be helpful, in assessing potential 
effects of ground water contamination, or in evaluating water-resources in the 
basin.

CLIMATIC-CONDITIONS MONITORING NETWORK

Climatic data are needed to provide estimates of several components of 
the hydrologic cycle. Measurements of temperature, humidity, precipitation, 
and evaporation are used in computing runoff, recharge, and potential evapo- 
transpiration.

Description

Since 1892, climatic data have been collected at as many as 16 stations 
throughout the basin (fig. 2). The period of record and type of data collect­ 
ed at each station are listed in table 9. At present, the National Weather 
Service (NWS) maintains six stations for which data are published. The long­ 
est continuous record (90 years) of climatic data has been collected at South 
Bend, which is one of three first order (complete) weather stations in the 
state. Currently, precipitation data are collected at all six stations. 
Prairie Heights is the only station where evaporation data are collected. 
Climatic summaries from the National Climatic Data Center, Ashville, N.C., are 
on file at IDNR Division of Water. Additional data for Indiana are available 
from the National Weather Service Office at Purdue University.

Three purposes are defined for NWS climatic stations:

(A) Climatic-network stations are index stations collecting 
long term data that represent climatic conditions 
over broad areas of uniform terrain and climate. At 
least one climatic-network station is established 
every 625 mi2 throughout the U.S. (Bernard Spitler, 
National Weather Service, Kansas City, Missouri, oral 
commun., 1985).

(B) Hydrologic-network stations are part of the flood- 
forecasting program of the National Weather Service. 
Precipitation events at these stations are reported 
immediately to regional flood-forecasting centers for 
use in flood prediction. Climatic-network stations and 
hydrologic-network stations are considered permanent 
and are rarely changed.
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(C) Special-use stations fulfill a variety of local 
meteorological functions usually related to 
agriculture.

The purposes of the active climatic stations in the basin for which data are 
published are listed in table 9.

In addition to these six stations, NWS operates two stations for which 
data are not published. One at ligonier is a hydrologic-network station and 
collects precipitation data. The other at Waterford Mills is a special-use 
station and collects data for agricultural purposes.

Table 9. Climatic stations in the St. Joseph River basin, Indiana

Site numbers refer to those in figure 2. A, climatic network; B, hydrologic
network; C, special use; E, evaporation; P, precipitation; T, temperature;
  , discontinued station. Sources: annual summaries Climatological Data
1930-83, NOAA, National Oceanic and Atmospheric Administration, National

Climatic Center, Ashville, N. C.]

Site 
number

N8
N7
N9
N4
N3
N10
Nil

N9
N12
N5
N16
N13
N6
Nl
N14
N15
N17

Station

Albion 5E
Angola
Elkhart
Goshen College
Goshen Airport
Howe Military Academy
Kendallville

Kendallville 2
Lagrange
Lag range sewage plant
Ligonier1
Notre Dame Moreau Seminary
Prairie Heights
South Bend
Syracuse
Topeka
Waterford Mills1

Period of record

1927-72
1899-Present
1951-78
1925-Present
1942-61
1906-51
1947-72

1951-72
1940-Present
1941-62
1962-Present
1974-Present
1912-51
1973-Present
1894-Present
1895-1907
1892-1905
1966-Present

Type of data

T,P
T,P

P
T,P

P
T,P
T,P

E
P
P

T,P
P

T,P
T,P,E,H

T,P,H
P
P

T,P,H

Type of 
station

  
A,B
  

A,B
  
  
  
  

A
  
A,B

B
  

C
A,B
  
  

C

not published for these stations.
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Existing Network

The World Meteorological Organization (WHO) has established guidelines 
for the density of climatic stations collecting precipitation and evaporation 
data. Guidelines for station density are based on a classification system 
using climate and terrain. Under this system, the climate in northern Indiana 
is temperate, and the terrain is flat. The recommended gaging density for 
this classification and the current density in the basin are presented in 
table 10. The NWS advises an increased density (50 mi2 per station) for pre­ 
cipitation gages in areas such as the St. Joseph River basin, where 30 percent 
or more of the annual precipitation is in the form of rainfall from convective 
storms (Albert Schipe, National Weather Service, Indianapolis, oral commun., 
1986). The present density for precipitation gages in the basin is about 300 
mi2 per station if only the six active stations with published data are con­ 
sidered or about 200 mi2 per station if all eight active stations are consi­ 
dered.

Table 10. Recommended density and current density for 
precipitation and evaporation stations in the 

St. Joseph River basin, Indiana

Type of station
Recommended density1 

(square miles per station)
Current density 

(square miles per station)

Precipitation 250-350 300 
Evaporation 19,000 10,000

Source: World Meteorological Organization (1974)

Suggested Improvements

The eight NSW climatic stations currently operating within the basin are 
used to define regional patterns and provide information for flood forecast­ 
ing. The density of the network meets or exceeds the guidelines developed by 
WMO for precipitation and evaporation data. However, because most of the 
summer precipitation in the basin is from convective storms, which often have 
a small spatial distribution, a greater density for precipitation gages might 
be needed to measure rainfall adequately throughout the basin.
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SUMMARY

This report was written as part of a basin assessment being done by the 
IDNR. Data-collection stations operated cooperatively by the Geological 
Survey and IDNR for streams, lakes, and ground water were reviewed. Addition­ 
ally, the network of climatic stations operated by the National Weather 
Service was described briefly. The review of these stations was mainly 
descriptive, not quantitative, and included the purposes and distribution of 
the stations, discussion of how well the stations meet their purposes, and 
suggestions as to how the network might be improved.

Streamflow data have been collected at 30 stations in the basin since the 
cooperative program between the State and the Geological Survey began in 1930. 
Currently, data are being collected at 11 continuous-record stations and one 
partial-record station. Six continuous-record stations are suitable for use 
as regional-hydrology stations because flows are not affected by variable 
control structures or diversions. These stations adequately represent the 
hydrology of the basin in terms of areal distribution, lake effect, and flow 
duration.

The lake network began in 1943 and since then lake-level data have been 
collected on 98 lakes. Legal lake levels have been established for 85 of 
these lakes. Control structures are used to help maintain legal levels on 56 
lakes. On as many as 17 lakes, lake levels are below the crest of the control 
structure most of the time. In these cases, the structures are not the pri­ 
mary control of lake levels. More information about the ground-water compo­ 
nents of flow to and from lakes would be helpful in evaluating the factors 
affecting water levels during periods of drought. Existing lake-level data 
could be analyzed (1) to estimate the magnitude and frequency of flooding 
around lakes, (2) to evaluate the effectiveness of operators of variable-crest 
control structures, and (3) to re-evaluate the established level of lakes with 
levels frequently above or below the legal level. Additional hydrogeologic 
data would be needed to estimate water budgets for lakes and to evaluate the 
effectiveness of control structures for lakes with large ground-water compo­ 
nents.

The cooperative ground-water program between the Geological Survey and 
the Department of Conservation (now INDR) was begun in 1935. Currently the 
basin network comprises 15 wells monitored for four purposes: (1) to deter­ 
mine interaction between ground-water and lakes, (2) to measure changes in 
ground-water levels near irrigation wells, (3) to measure changes in ground- 
water levels at special purpose sites, and (4) to measure long-term changes in 
water levels in areas not affected by pumpage. The network does not provide 
sufficient data for quantifying lake and ground-water interactions because the 
number and spacing of observation wells is not adequate to define ground-water 
flow in the complex hydrogeologic setting around the lakes. The well network 
near lakes should be expanded or discontinued. Water levels in five observa­ 
tion wells near irrigation wells are not noticeably affected by seasonal pump­ 
ing. The lack of apparent effect is expected based on two detailed studies, 
Bailey and others (1985) and lindgren and others (1985), which indicated that 
high transmissivity of the outwash aquifer, and high rates of recharge can
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provide adequate water for current needs and substantial growth. The observa­ 
tion wells probably provide a good record of regional water levels for areas 
of intensive irrigation in the basin. Two long-term monitoring wells have 
provided sufficient information on aquifers they were designed to monitor. 
Unless other purposes for these wells are identified, they could be discontin­ 
ued. Water levels in a special-purpose well are measured as part of a local 
ground-water-quality monitoring program that is expected to continue indefi­ 
nitely. Additional hydrogeologic information is needed to better delineate 
the aquifer systems and ground-water flow paths in the basin.

Currently, NWS operates eight climatic data stations in the basin. These 
stations are used to characterize climatic conditions regionally, provide 
real-time precipitation data for flood forecasting, and fulfill certain local 
use purposes. The network meets or exceeds guidelines established by WHO for 
the distribution of precipitation and evaporation stations but does not meet 
guidelines suggested by NWS for precipitation gages in areas of significant 
convective rainfall.
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