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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To Obtain
inches (in.) 0.0254 meter
inches per year (in/yr) 0.0254 meter per year
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi%) 2.590 square kilometer
foot per day (ft/d) 0.3048 meter per day
foot per mile (ft/mi) 0.1894 meter per kilometer
foot squared per day (ftz/d) 0.09290 meter squared per day
cubic foot per second (ft3/s) 28.32 liter per second
cubic foot per second (ft3/s) 7.48 gallon per second
gallons per minute (gal/min) 0.06309 liter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows:

°F=18x°C+32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from general adjustment of the first-order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.
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Geohydrology and Simulated Ground-Water Flow
in Northwestern Elkhart County, Indiana

By Leslie D. Arihood and David A. Cohen

Abstract

In 1994, the U.S. Geological Survey,
in cooperation with the U.S. Environmental
Protection Agency and the City of Elkhart,
developed a ground-water model of the
Elkhart, Indiana, area to determine the avail-
ability and source of water at potential new
well fields. The modeled area covered
190 square miles of northwestern Elkhart
County and a small part of southern Michigan.
Three Superfund sites and several other sites
in this area are undergoing environmental
cleanup. The model would be used to guide
the location of well fields so that Superfund
sites and environmental cleanup areas would
not be within recharge areas for the well fields.

The City of Elkhart obtains its water
supply from two aquifers separated by a gener-
ally continuous confining unit. The upper
aquifer is composed primarily of sand and
gravel of glacial origin. Thickness of the upper
aquifer ranges from 0 to 116 feet and averages
47 feet. The lower aquifer is composed of sand
and gravel with interbedded lenses of silt and
clay. Thickness of the lower aquifer ranges
from 1 to 335 feet and averages 35 feet. The
intervening confining unit is composed of silt
and clay with interbedded sand and gravel;
the confining unit ranges from 0 to 177 feet,
with an average thickness of 27 feet. Flow
through the aquifers is generally horizontal

and toward the St. Joseph River. Flow is
vertically downward from the upper aquifer,
through the confining unit, and into the lower
aquifer, except where flow is vertically upward
at the St. Joseph River and other large streams.

The hydraulic characteristics of the
aquifers and confining unit were estimated by
analyzing aquifer-test data from well drillers’
logs and by calibration of the model. The
horizontal hydraulic conductivity of the upper
aquifer is 170 feet per day within about 1 mile
of the St. Joseph and Elkhart Rivers and
370 feet per day at distances greater than
about 1 mile. The horizontal hydraulic con-
ductivity of the lower aquifer is 370 feet
per day throughout the modeled area, with
the exception of an area near the center of the
modeled area where the horizontal hydraulic
conductivity is 170 feet per day. Transmissiv-
ity of the lower aquifer increases generally
from southwest to northeast; transmissivity
values range from near 0 where the lower
aquifer is absent to 57,000 square feet per
day and average about 8,100 square feet
per day. The vertical hydraulic conductivity
of the confining unit is 0.07 feet per day; the
vertical conductivity of the streambeds com-
monly is 1.0 foot per day and ranges from
0.05 foot per day to 50 feet per day. The areal
recharge rate to the outwash deposits was
determined by a base-flow separation tech-
nique to be 16 inches per year, and the areal
recharge rate to the till was assumed to be
4 inches per year.
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A two-layer digital model was used to
simulate flow in the ground-water system.
The model was calibrated on the basis of
historical water-use data, water-level records,
and gain/loss data for streams during May
and June 1979. The model was recalibrated
with water-use data and water-level records
from 1988. For 1979 data, 49 percent of the
inflow to the model area is from precipitation
and 46 percent is ground-water inflow across
the model boundaries. Most of the ground-
water inflow across the model boundary is
from the north and east, which corresponds
to high values of transmissivity—as high
as 57,000 feet squared per day—in the
model layers in the northern and eastern
areas. Eighty-two percent of the ground-water
discharge is to the streams; 5 percent of the
ground-water discharge is to wells.

Source areas and flow paths to the City
of Elkhart public well fields are affected by the
location of streams and the geology in the area.
Flow to the North Well Field originates north-
west of the well field, forms relatively straight
flow paths, and moves southeast toward the
well field and the St. Joseph River. Flow to
the South Well Field begins mostly in the out-
wash along Yellow Creek south of the well
field, moves northward, and turns to the north-
west because of the influence of the St. Joseph
River. Although pumpage at the Main Street
Well Field is greater than pumpage at either
of the two other well fields, the flow paths at
the Main Street Well Field are much shorter
than those at the two other well fields, indi-
cating that the source of water to the wells
at Main Street is from the nearby recharge
ponds and from sections of Christiana Creek.

The computer model was used to calcu-
late locations of recharge for each well field;
delineation of these recharge points roughly
identifies the source area for each well field.
Almost all of the recharge points for the South
Well Field are greater than 5 years of travel

time from the well field. The recharge points
for the Main Street Well Field are sufficiently
close to reported contamination sites to be
potentially within the 5-year recharge area

of the well field.

Almost all of the flow from reported
contamination sites discharges to one of
the streams in the study area, primarily to
the St. Joseph River. Longer flow paths tend
to begin in the upper aquifer, usually moving
downward through the confining unit to the
lower aquifer, traveling horizontally until near
the St. Joseph River, then flowing upward
through the confining unit into the upper
aquifer and into the river. Water in this type
of flow path has twice been retarded in
velocity by its flow through the confining unit
before discharging into the river. Shorter flow
paths tend to remain in the upper aquifer.

To determine ground-water availability,
the model was used to estimate the effects of
potential future increases in pumpage at the
three public-supply well fields. A 50-percent
increase in pumpage above rates in 1993 at
each of the well fields was simulated, and
the resulting maximum drawdown is 5.4 feet.
The areas affected by drawdown are small
relative to the entire model area, indicating
that the ground-water system has the capacity
to provide additional amounts of water at
the well fields without causing large, areally
extensive drawdowns. Although the area
affected by drawdown is small, the areas
contributing flow to the North and South
Well Fields extend well beyond the area of
noticeable drawdown. Under the simulated
increased pumpage conditions, the source area
for the South Well Field is slightly wider but
not noticeably longer than the source area for
the 1993 pumpage.
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INTRODUCTION

The City of Elkhart obtains its water supply
from three well fields that withdraw water from
a thick outwash aquifer. In 1993, daily pumpage
from the three fields averaged 8.3 Mgal/d; city
planners anticipate future increases in pumpage
(Gary Gilot, City of Elkhart, oral commun., 1994).
In the future, a knowledge of the availability and
quality of ground water at existing and possible
new well fields would benefit the decisions of
water managers and planners. Three Superfund
sites are within the Elkhart Metropolitan Area,
several other sites are undergoing environmental
cleanup, and other sites that potentially could
contaminate ground water also are located in
the area. One well field in the area has been
closed because of ground-water-quality problems;
another well field in an area that is on the
U.S. Environmental Protection Agency Superfund
National Priorities List has been remediated with
an air-stripper facility that removes trichloroethyl-
ene that was present in concentrations exceeding
U.S. Environmental Protection Agency (USEPA)
drinking-water standards. Another Superfund site
is an abandoned landfill, and the third Superfund
site is a railway facility. Several USEPA response
actions have been taken in Elkhart and surrounding
areas because of a number of contaminated resi-
dential water supplies. Some of the sources of the
ground-water contamination have been traced to
industrial facilities and have been addressed by
the responsible party under the USEPA Emergency
Response Program. The other sources have not
been traced to a responsible party, and the USEPA
has addressed the water-quality concerns in several
problem areas with USEPA Superfund resources.

For the City of Elkhart to determine
the availability of uncontaminated water at possi-
ble new well fields and to attempt avoiding
possible future ground-water-quality problems
required an investigation of the geohydrology
and the source of ground water in the Elkhart area.
Such an investigation would provide information
useful to water managers and planners. In 1994,
the U.S. Geological Survey (USGS), in coopera-
tion with the USEPA and the City of Elkhart,
examined ground-water availability in the Elkhart
area and estimated source areas of the ground
water to well fields. As part of the investigation,
a computer model of ground-water flow in the

Elkhart area was developed and used to estimate
(1) drawdowns caused by increasing pumpage at
three existing well fields, (2) ground-water-flow
paths to the wells, and (3) discharge locations for
ground water originating beneath reported contam-
ination sites.

Purpose and Scope

The purpose of this report is to describe the
(1) geohydrology of the Elkhart area, (2) prepara-
tion and calibration of a computer model of flow
in the aquifers and confining units underlying
the area, and (3) results of model simulations.
The description of the geohydrology includes
general geology; aquifer geometry; hydraulic char-
acteristics of the aquifers and confining unit; and
the sources, discharges, and paths of ground-water
flow. The description of modeling includes the
conceptual model used to represent the ground-
water-flow system, the source of model data,
calibration and sensitivity analysis, illustrations
of ground-water-flow paths and drawdowns caused
by a simulated increase in pumping at the three
existing well fields, and the limitations and qualifi-
cations associated with model results.

Previous Investigations

Reussow and Rohne (1975) presented three
plates that illustrated the geology, water use, water
budget, flood and low-flow data, and the quality
of ground and surface waters in the St. Joseph
River Basin, which includes the Elkhart area.
Imbrigiotta and Martin (1981) defined the general
ground-water hydrology and quality of the Elkhart
area, described the hydrologic effects of proposed
pumping at the Elkhart Municipal Airport, and
evaluated the potential for leachate from a landfill
to enter the proposed well field. Duwelius and
Silcox (1991) presented the results of a 10-year
monitoring program for ground-water levels (68
sites) and quality (32 sites) in the Elkhart area.
The distribution of dissolved bromide with time
was used to delineate the approximate boundary
of a leachate plume from the landfill discussed
by Imbrigiotta and Martin (1981) and to estimate
ground-water travel time. Duwelius and Watson
(1992) illustrated the effect of pumpage on water
levels in the unconfined outwash aquifer at the
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Main Street Well Field. Five water-level contour
maps are shown for the period of December 18
to 22, 1989.

Description of the Study Area

The study area of approximately 190 mi?
is located mostly in the northwest quadrant of
Elkhart County in north-central Indiana and
includes small parts of Cass County, Mich., to
the north and St. Joseph County, Ind., to the west.
The study-area boundaries and major waterways,
roads, cities, and towns are shown in figure 1.

The City of Elkhart, a diversified industrial
community centrally located within the study area,
occupies approximately 18 mi® and has a popula-
tion of about 45,000. Major industries include
pharmaceutical, recreational vehicle, and mobile-
home manufacturers. Agriculture is a major land
use in parts of the study area outside the city
(Jeff Faux, Greater Elkhart Chamber of Com-
merce, oral commun., 1996).

The study area has a temperate continental
climate, with a mean annual temperature of 9.8°C
and a mean annual rainfall of 35.3 in. Mean
monthly temperature varied from -5.0°C in
January to 22.8°C in July, and mean monthly
precipitation varied from 1.59 in. in January to
3.69 in. in June (National Oceanic and Atmo-
spheric Administration, 1992).

The study area lies entirely within the
St. Joseph River Basin and is part of the Northern
Moraine and Lake Physiographic Province de-
scribed by Malott (1922, p. 112) and Schneider
(1966, p. 50). The topography is generally flat
north and south of the St. Joseph River and grades
to rolling hills in the southern third and extreme
north-central part of the study area. Elevations
range from about 720 ft above sea level along
the western boundary of the study area near the
St. Joseph River to more than 950 ft above sea
level in the hills along the eastern boundary.

All surface drainage in the area flows to
the St. Joseph River or its tributaries, including
the Elkhart River, Christiana Creek, Pine Creek,
Baugo Creek, and numerous smaller streams and
ditches (fig. 1). The St. Joseph River flows from
east to west across the study area, eventually dis-
charging to Lake Michigan. The drainage area for
the USGS streamflow-gaging station, St. Joseph

River at Elkhart, Ind., (fig. 2) is 3,370 mi2, and the
average daily mean discharge for the period 1947
to 1985 was 3,203 fi*/s. The maximum instanta-
neous discharge during that period was 18,800 ft*/s
in Feb; 1985 and the minimum daily discharge
was 336 ft°/s in August 1964 (Arvin, 1989).

Methods of Study

Geohydrologic data were collected to define
the ground-water-flow system. Well-driller’s
records from the Indiana Department of Natural
Resources, Division of Water (IDNR-DOW) and
the USEPA Records Center, Region V, were used
to map the areal extent of the aquifers and confin-
ing unit. Ground-water levels were measured
periodically since 1982 by the City of Elkhart
at about 50 observation wells and then used in
model calibration. Streamflow measurements of
Christiana Creek at the recharge ponds near the
Main Street Well Field were made monthly from
March 1994 to February 1995. The streamflow
data were used to calculate the loss of water
from Christiana Creek to the well field and to
estimate the streambed hydraulic conductivity
for the recharge ponds. Historical monthly munici-
pal and industrial pumpage rates for wells capable
of pumping 0.1 Mgal/d or more were obtained
from the IDNR-DOW.

A digital ground-water-flow model was
developed to identify ground-water-flow paths
to existing well fields, delineate the recharge area
for the existing well fields, estimate the effect of
increased pumpage on ground-water levels, and
determine the source of pumped water relative
to the location of reported contamination sites.
The model was calibrated to the same set of water-
level measurements and streamflow gain/loss
measurements used by Imbrigiotta and Martin
(1981). The model calibration was retested with
water-level-measurement data from spring 1988.
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values for that area then could be derived under
sufficiently stressed conditions. A valuable future
calibration check could be made by measuring
water levels in the vicinity of the current declines
around the North and South Well Fields.

The figures of drawdown and flow lines are
adequate to describe the response of the ground-
water system to pumpages similar to those at the
well fields. If pumpage is appreciably smaller than
those in this simulation, or if the area of interest
is only a 1-mi? area or smaller, a more detailed
geohydrologic description may be needed. The
smaller variations in hydraulic conductivities and
presence or absence of aquifers are more likely to
affect flow directions and volumes when pumpage
is significantly smaller than used in these simula-
tions. Also, if the greatest detail possible is desired
around a specific area, for example the Main Street
Well Field, a finer girding of model nodes would
improve how locations of important features such
as pumping wells and stream channels are repre-
sented in the simulation and improve the precision
of results.

The conceptual model of the ground-water
system assumed an upper and lower aquifer sepa-
rated by a confining unit. In some areas, however,
the aquifers contained clay and silt, and the con-
fining unit contained sand and gravel. If a public
water supply were to be developed near one of
these areas, additional model layers may be needed
to adequately account for the local complexities
and to describe the local drawdowns and flow
lines.

SUMMARY AND CONCLUSIONS

Three Superfund sites are located near
Elkhart in northern Indiana. Several other sites
undergoing environmental cleanup as well as sites
that potentially could contaminate ground water
also are located in the area. One well field in the
area has been closed because of ground-water-
quality problems, and another well field has an
air-stripper facility that removes trichloroethylene.
Determining availability of uncontaminated water
at possible new well fields and avoiding possible
future ground-water-quality problems required an
investigation of the geohydrology and the source
of ground water in the Elkhart area.

The City of Elkhart obtains its water supply
from an upper and lower aquifer that are separated
by a fairly continuous confining unit. The shale
bedrock beneath the 85 to 500 ft of glacial material
is considered impermeable, relative to the glacial
materials. The upper aquifer, composed primarily
of sand and gravel, ranges in thickness from 0 to
116 ft and averages 47 ft; the lower aquifer, com-
posed of sand and gravel with interbedded lenses
of silt and clay, ranges in thickness from 1 to 335 ft
and averages 35 ft. The intervening confining unit
ranges in thickness from 0 to 177 ft and averages
27 ft.

Flow through the aquifers is generally hori-
zontal through the two aquifers and toward the
St. Joseph River. Flow is vertically downward
from the upper aquifer, through the confining unit,
and into the lower aquifer; at the St. Joseph River
and other large streams, the vertical flow is verti-
cally upward.

A two-layer digital model was used to
simulate flow in the ground-water system. The
model was calibrated on the basis of water-use
data, water-level records, and gain/loss data for
streams during May and June 1979. The model
calibration was retested with water-use data and
water-level records from 1988 to determine cali-
bration accuracy for a dry year. The mean absolute
errors between simulated and measured water lev-
els in the upper and lower aquifers for the 1979 and
1988 calibrations are 2.1 and 1.5 ft, respectively.

About half of the simulated inflow (49 per-
cent) is from precipitation, and about half
(46 percent) is from the model boundaries. Most
of the boundary inflow is from the north and east,
which corresponds to high values of transmissivity
in the model layers in the north and east areas.
Most of the discharge (85 percent) is to the
streams; only 5 percent of the discharge is
to wells.

Contributing areas and flow paths to the
public well fields are affected by the location
of streams and the geology in the area. Flow to
the North Well Field originates northwest of the
well field, forms relatively straight flow paths,
and moves southeast toward the well field and the
St. Joseph River. Flow to the South Well Field
begins mostly in the outwash along Yellow Creek
south of the well field, moves northward, and turns
to the northwest because of the influence from the
St. Joseph River. Although pumpage at the Main
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Street Well Field is greater than pumpage at either
of the two other well fields, the flow paths at the
Main Street Well Field are much shorter, indicating
that the source of water is from the nearby recharge
ponds and from sections of Christiana Creek.

The pattern to the recharge areas differs
at each of the city well fields. The location of
recharge points to the flow lines for the North
Well Field are uniformly to the northwest. The
location of recharge points for the South Well Field
are scattered because of the variable horizontal
hydraulic conductivity in the upper aquifer and
the presence of a confining unit above the pumping
well, both of which affect flow direction. Almost
all of the recharge points associated with the South
Well Field are more than 5 years of travel time
from the well field. The concentration of recharge
points near the Main Street Well Field correspond
to the short flow paths associated with the well
field. The recharge points for the Main Street Well
Field are sufficiently close to reported contamina-
tion sites at and to the west of the well field for
the contamination sites to be potentially in the
recharge area of the well field. A more site-specific
and detailed ground-water model of the Main
Street Well Field area would be needed to confirm
this potential.

Almost all the flow from reported contami-
nation sites discharges to one of the streams, most
commonly the St. Joseph River. Flow sometimes

begins in the upper aquifer, moves downward
through the confining unit to the lower aquifer,
travels horizontally until near the St. Joseph River,
then flows upward into the upper aquifer and ulti-
mately into the river. Water that follows this flow
path has twice flowed through the confining unit
before discharging into the river; it has twice been
retarded in velocity by the confining unit and twice
encountered any chemical-attenuative capacity of
the confining unit.

The model also was used to estimate the
effects of any increases in pumpage at the three
public-supply well fields. A 50-percent increase
in pumpage above rates in 1993 at each of the well
fields was simulated, and the resulting drawdowns
from the additional pumpage is small (maximum
of 5.4 ft) relative to the model area, particularly
at the Main Street Well Field. The ground-water
system has the capacity to provide additional
amounts of water at the well fields without causing
large, areally extensive drawdowns. Although
the area affected by drawdown is small, the areas
contributing flow to the North and South Well
Fields extend beyond the area of drawdown simu-
lated by the model. The contributing area to the
well fields associated with the increased pumpage
is slightly wider than the contributing area for the
1993 pumpage.
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