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Hydrogeology and Simulated Ground-Water Flow
Through the Unconsolidated Aquifers of
Northeastern St. Joseph County, Indiana

By E.R. Bayless and L.D. Arihood

ABSTRACT

The U.S. Geological Survey investigated
the ground-water resources of northeastern
St. Joseph County, Indiana, during 1990-93.
The investigation included field measurements
of water levels and numerical models of the
ground-water-flow system. This report docu-
ments the results of that work and includes
a description of (1) the hydrogeologic frame-
work, (2) water levels, (3) model sensitivity
to variations in hydrogeologic parameters,
(4) simulated aquifer response to increased
ground-water withdrawals, (5) contributing
areas for significant water-withdrawal facilities,
and (6) flow paths for hypothetical solute
particles originating beneath known contami-
nation sites.

Water levels were measured in a spatially
distributed network of 53 monitoring wells.
Wells were installed at 36 sites to depths of
18 to 173 feet below land surface. At 15 sites,
nested monitoring wells were installed to de-
scribe hydraulic gradients between shallow
and deep parts of the aquifer system. Water
levels were measured during January 1991
November 1992. Water-level measurements
indicated that (1) regional ground-water flow
is towards the St. Joseph River, (2) depth to
water generally is small in the St. Joseph aquifer
system compared to that in the Hilltop and

Nappanee aquifer systems, and (3) water levels
in the deep and shallow parts of the aquifer
system are not equal at sites where a confining
unit is present.

Simulation of aquifer response to various
stresses was examined by use of a numeri-
cal model of ground-water flow. A quasi
three-dimensional numerical model of the
ground-water-flow system was constructed
from geologic, hydrologic, and water-use
information. The model was calibrated by an
adjustment to the hydrogeologic parameter
values within known ranges until a suitable
correspondence between simulated and
measured ground-water levels was achieved.
Steady-state ground-water-flow simulations
were used to identify sites where increased
withdrawals might cause significant aquifer
dewatering or induce migration of pollutants
from known contamination sites.

Results of the study indicate that an
increase in withdrawals by 50 percent at
significant water-withdrawal facilities would
cause drawdowns generally less than 6 feet in
the one-quarter square mile surrounding area.
In this simulation, ground-water flows to Juday
Creek and the St. Joseph River were reduced by
23 percent and 6 percent, respectively.

Abstract 1



The results of particle-tracking analyses
indicate that flow paths from recharge areas
to significant water-withdrawal facilities
operating at 1993 withdrawal rates generally
are less than 5 miles long in the upper aquifer
but may be more than 12 miles long in the
lower aquifer. Travel times between recharge
and discharge points are less than 10 years
in the upper aquifer but may be as much as
100 years in the lower aquifer.

Particle-tracking analyses indicate that
flow paths for solutes originating beneath
known contamination sites may pass near
to, or be intercepted by, significant water-
withdrawal facilities. Most particles are
discharged to the St. Joseph River, but some
may be discharged to Juday Creek.

INTRODUCTION

During January 1, 1990-December 31, 1994,
the U.S. Geological Survey (USGS), in cooperation
with the Indiana Department of Natural Resources
(IDNR), studied the ground-water resources of
northeastern St. Joseph County, Ind. The most
productive source of ground water in the study
area is the St. Joseph aquifer system, Indiana’s
only designated sole-source aquifer (Anna Miller,
U.S. Environmental Protection Agency, oral
commun., 1995). The St. Joseph aquifer system
is a thick, glacially deposited sand and gravel
sequence that is locally interbedded with poorly
permeable, clay-rich sediment (Beaty, 1987).
Because the uppermost parts of the aquifer system
are highly permeable and the water table occurs
at shallow depths, the St. Joseph aquifer system
is susceptible to ground-water contamination.
Furthermore, as ground-water withdrawals from
the St. Joseph aquifer system increase, the possi-
bility of ground-water contamination and resource
depletion increases.

For the USGS study, a 227-mi? area of north-
eastern St. Joseph County was identified (fig. 1)
where an increased understanding of the regional
hydrogeology and aquifer-system response to
increased ground-water withdrawals would benefit
land-use planners and resource managers. A
further consideration of the study was to describe
contributing areas for significant water-withdrawal
facilities (SWWF’s)—facilities capable of
pumping at rates greater than 100,000 gal/d
(U.S. Geological Survey, 1990)—and discharge
points for water originating beneath known sites
of contamination.

The goals of this study were accomplished
primarily by use of a numerical model of the
ground-water-flow system in northeastern
St. Joseph County. The numerical model is an
efficient way to examine the effects of varying
hydrologic stresses, such as drought or increased
ground-water withdrawals, on regional ground-
water levels. The area considered in the numerical
model was the 227-mi? study area plus the area
3.5 mi north of the Indiana/Michigan State line
and 3 mi east of the St. Joseph County/Elkhart
County political boundary. The enlarged study
area was necessary to incorporate numerical-
model boundary conditions.

Purpose and Scope

This report describes the hydrogeologic
framework and simulation of the ground-water
flow in the unconsolidated aquifers of northeastern
St. Joseph County. The study was accomplished
by (1) a compilation and synthesizing of available
geologic, hydrologic, and climatic information;
(2) a development of numerical models of ground-
water flow based on the acquired hydrogeologic
information; (3) use of the models to identify
contributing areas to SWWF’s; and (4) use of the
models to identify flow paths for ground water
originating beneath known sites of contamination.

2 Hydrogeology and Simulated Ground-Water Flow, Northeastern St. Joseph County, Indiana
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Table 2. Ground-water-withdrawal site numbers, geographic locations, model cell locations, 1993 ground-water
withdrawals, and withdrawal capacities, northeastern St. Joseph County, Indiana

[UTMN, Universal Transverse Mercator northing; UTME, Universal Transverse Mercator easting; gal/yr, gallons per year; gal/min, gallons
per minute]

Site Geographic location Model 1993 Withdrawal
number UTMN UTME Row Column Layer withdrawal capacity
(1,000 gal/yr) (gal/min)

1 4612740 570550 19 23 3 76,737 146
2 4612925 570525 19 23 3 1,871,615 1,050
3 4611450 569975 18 22 3 217,359 750
4 4611525 570050 18 22 3 80,008 1,000
5 4613500 572950 17 25 3 167,760 750

6 4613450 572950 17 25 3 168,770 750
7 4614500 565750 17 17 3 2,039 638

8 4615125 565950 17 17 3 8,250 955
9 4612750 569050 18 21 3 9,674 85
10 4611825 568550 19 20 3 60,000 1,000
11 4614525 558650 16 8 2 115,630 80
12 4613925 573425 17 26 3 18,575 2,000
13 4614005 573425 17 26 3 22,872 2,000
14 4616175 557525 15 7 3 1,118,501 1,388
15 4615350 565525 16 16 3 1,775,650 2,711
16 4617975 560550 13 10 2 1,361,886 2,604
17 4610975 560850 21 11 3 5,986 1,042
18 4609475 561875 22 12 3 740,323 1,388
19 4620250 565350 10 16 3 200,837 400
20 4619050 557475 12 6 3 1,032,965 2,000
21 4615525 558850 15 8 2 44,240 600
22 4615600 558850 15 8 2 36,340 600
23 4614175 572375 24 16 2 2,133 150
24 4612920 576390 18 30 3 2,189 235
25 4622700 573105 8 25 2 1,740 100
26 4606525 572175 25 25 3 3,552 200
27 4614690 574395 18 28 3 4,500 300
28 4614315 574505 17 27 3 21,610 165
29 4614480 574000 16 27 3 2,635 200
30 4622750 562950 8 13 2 24,816 239
31 4622250 563250 8 13 2 2,239 75
32 4619350 562825 11 13 3 520 100
33 4615700 557500 15 6 3 880 150
34 4619400 556700 12 6 3 3,000 150
35 4622900 560850 8 11 2 670 55
36 4621300 569425 9 21 2 15,000 1,000
37 4621750 570425 9 22 2 15,000 1,000
38 4616800 575000 14 28 3 1,232 500
39 4622550 567150 8 18 3 40,320 800
40 4622525 567425 8 18 3 72,225 300
41 4622950 568200 8 19 3 50,400 1,000
42 4609700 572500 25 25 3 13,500 500
43 4610025 571575 24 24 3 8,610 500
44 4613100 577675 20 32 3 3,739 100
45 4617080 563700 14 14 3 145,272 1,000
46 4617150 563810 14 14 3 228,686 1,000
47 4616520 563820 14 14 3 313 650
48 4616370 563100 15 13 3 12,275 600
49 4616925 563220 14 14 3 75,905 500
50 4616975 563100 14 13 3 29,601 1,300
51 4614000 560000 19 9 3 152,340 349
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Table 2. Ground-water-withdrawal site numbers, geographic locations, model cell locations, 1993 ground-water
withdrawals, and withdrawal capacities, northeastern St. Joseph County, Indiana—Continued

Site Geographic location Model 1993 Withdrawal
number UTMN UTME Row Column Layer withdrawal capacity
(1,000 gai/yr) (gal/min)
52 4608930 571920 26 24 3 2,401 100
53 4621125 568350 9 20 3 77,580 1,400
54 4621750 569875 9 21 2 114,930 1,500
55 4621520 572975 9 25 2 27 224
56 4621520 573025 9 25 2 360 1,503
57 4621450 573075 9 25 2 625 80
58 4601520 563900 27 15 2 59 50
59 4605525 568400 26 20 3 1,912 100
60 4618550 567825 12 19 2 1,795 499
61 4618550 567400 12 19 2 1,127 150
62 4619000 567510 12 19 2 168 55
63 4619100 570300 11 22 2 92,236 275
64 4619250 570375 11 22 2 145,457 300
65 4619625 568100 11 19 2 301,749 1,250
66 4619875 568030 11 19 2 371,858 1,000
67 4621575 573325 9 26 2 89,941 190
68 4621575 573400 9 26 2 88,532 108
69 4621525 573450 9 26 2 156,586 360
70 4622050 573650 10 26 2 53,492 120
71 4622100 573650 10 26 2 58,716 100
72 4622050 573550 10 26 2 65,985 100
73 4622275 573660 10 26 2 45,358 100
74 4622350 573650 10 26 2 40,709 75
75 4622350 573650 10 26 2 26,328 75
76 4622250 573590 10 26 2 35,640 75
77 4622250 573500 10 26 2 35,640 75
78 4622400 573450 10 26 2 37,852 75
79 4618700 567910 12 19 2 154 195
80 4618999 567900 12 19 2 16 105
81 4618910 567720 12 19 2 23,564 525
82 4618750 567625 12 19 2 153 105
83 4620075 577900 10 31 2 387 154
84 4607300 564800 23 27 2 10,676 101
85 4613750 561975 20 12 2 79,056 150
86 4606125 565625 26 17 3 38 46
87 4606050 565550 26 17 3 1 254
88 4622675 573600 9 27 2 2,694 42
89 4622750 573650 8 27 2 991 27
90 4622800 573675 8 27 2 991 27
91 4622300 573290 9 26 3 967 65
92 4622375 573290 8 26 3 67 75
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