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HYDROLOGIC EFFECTS OF GROUND- AND SURFACE-WATER WITHDRAWALS IN THE MILFORD

AREA, ELKHART AND KOSCIUSKO COUNTIES, INDIANA

By Helen A. Lindgren, James G. Peters, David A. Cohen, and E. James Crompton

ABSTRACT

Agricultural irrigation in northern Indiana has increased rapidly since
1975 and might double by the year 2000, A 16,5 square-mile area in
north-central Indiana was studied to determine possible effects of increased
irrigation on local water supply. In 1982, an average of 2 inches of water was
used to irrigate 975 acres of sandy soil overlying highly transmissive outwash
deposits. Irrigational pumpage was 75 percent of the summer water use but was
less than potential irrigational pumpage because (1) only one—third of the
suitable land was irrigated, and (2) precipitation was near normal for the
year.

A three-dimensional digital flow model, calibrated with data collected in
1982, was used to simulate four hypothetical pumping plans representing various
irrigational schemes and possible rainfall conditions: (1) 1982 acreage
irrigated and 1982 (above normal) precipitation; (2) 1982 acreage irrigated and
below-normal precipitation; (3) maximum acreage irrigated and normal
precipitation; and (4) maximum acreage irrigated and below-normal
precipitation. A fifth pumping plan was used to simulate maximum year-round
water use. Plan 5 was not designed to simulate irrigational development but
rather a maximum rate of withdrawal sustalnable year-round until steady-state
is reached.

Of the four pumping plans that simulated irrigational pumpage, plan 4 had
the greatest effect on ground- and surface—water supply. Compared with 1982
pumpage, this plan represented a thirteenfold increase in the volume of water
pumped for irrigation from wells and from Turkey Creek, a stream bordering the
area of study. The model predicted a potentiometric decline of as much as 20,7
feet over an 8-acre area of the aquifer. This decline was one-fourth of the
available drawdown and would not dewater the source aquifer. Streamflow in
Turkey Creek would be reduced 39 percent by simulated ground-water and
surface-water pumpage but remaining flow would still be twice the 7-day,
10-year 1low flow. However, the model predicted that flow in two smaller
streams would be reduced to zero.

The rate of pumping used in plan 5 was nearly 4 times the pumping rate in
1982. Potentiometric decline for plan 5 was as much as 40 percent of available
drawdown, and predicted streamflow reduction would cause flow in Turkey Creek
to decrease below the 7-day, 10-year low flow.



Results of plans 1, 2, 3, and 4 indicate that the outwash system provides
adequate water for current (1982) needs and substantial growth for irrigation.
However, maximum irrigational development might cause temporary, local
competition for water in several parts of the area. Plan 5 indicates .that
water use could increase substantially before effects of pumping would prevail
year—-round,

INTRODUCTION

Background

The Indiana Department of Natural Resources (IDNR) anticipates that it will
have a larger role in state water—-management within the next few years. In
preparation, IDNR recently developed an assessment of the State's
water-resource needs. This work was done as a contribution to the Governor's
Water Resources Study Commission (GWRSC) which delineated several areas of the
State where conflicts in water use may occur.

During the past ten years, increases in irrigation in northern Indiana have
caused local competition for water among irrigators and other users. In two
northwestern counties, water withdrawals for irrigation from a confined bedrock
aquifer have caused temporary water-level declines of more than 20 feet
throughout a 175-square mile area (Indiana Department of Natural Resources,
1982). The conflict in this area has caused concern about irrigation in other
parts of northern Indiana.

Of the other areas where potential conflicts may occur, IDNR selected the
1,800-square mile part of the St. Joseph River basin in Indiana (fig. 1) as a
top-priority area for study. Results of studies by Purdue University for the
GWRSC 1indicate that agricultural irrigation 1is extensive in this part of the
State and might double by the year 2000 (Governor's Water Resource Study
Commission, 1980, p. 179). Many natural lakes, streams, and marshes are used
for recreation and wildlife habitat. Many summer homes are built in areas
adjacent to lakes and marshes. The lakes and marshes are sensitive to changes
in streamflow and ground-water levels. The State 1s concerned about possible
effects of withdrawals for irrigation on surface~ and ground-water supplieg 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,
irrigational potential of soils, and ground- and surface-water withdrawals. In
addition, IDNR updated water-use Iinformation, identified and mapped natural
lakes and wetlands, and provided estimates of future irrigation. Beyond this
preliminary work, the State was interested in developing management tools that
effectively use this information to evaluate the effect of ground- and
surface-water withdrawals on water supply.





































































hydraulic conductivity of 280 ft/d, the transmissivity of the aquifer would
range from about 5,600 to 16,800 ft?/d. The unit of transmissivity, ft2 /d,
used in this report is the reduced form of cubic foot per day per foot of
aquifer [(ft3/d)/ft].

Several values of vertical hydraulic conductivity for the flow till were
calculated by using aquifer-test data collected near well 100-1 (fig. 3).
These values range from 0.044 to 0.21 ft/d (J. G. Peters, U.S. Geological
Survey, oral commun., 1983) and are near the high end of the range of values
for glacial till (1 x 107® to 1 ft/d) reported by Freeze and Cherry (1979, p.
29). The conductivity of the flow till was assumed to range from 0.0l ft/d in
the eastern part of the area, where the clay content of the till is high, to
0.1 ft/d in the west-central part of the area where till has a higher sand
content,

Hydraulic conductivity of aquifer 2 ranges from 60 to 355 ft/d and averages
180 ft/d. Aquifer thickness generally ranges from 20 to 60 ft (fig. 10).
Based on average hydraulic conductivity, transmissivity ranges from 3,600,
beneath the isolated surficial till, to more than 10,800 ft2/d in the
southeast.

No specific capacity data were available for aquifer 3; however information
from driller's logs indicates more clay in aquifer 3 than in either aquifers 1
or 2. The hydraulic conductivity of aquifer 3 is probably less than that of
aquifers 1 or 2.

Specific yield for aquifer 1 and storage coefficient for aquifer 2 were
calculated from aquifer-test data to be 0.15 and 0.0003 (J. G. Peters, U.S.
Geological Survey, oral commun., 1983).

Bedrock

No hydraulic data were available for the shale bedrock which generally has
low hydraulic conductivity (Freeze and Cherry, 1979, p. 29). The bedrock was
assumed to be impermeable compared with the highly permeable outwash.

Connection Between Ground Water and Surface Water

The hydraulic connection between ground water and surface water determines
how rapidly water moves into or out of a stream in response to differences in
heads in the stream and in the aquifer. This response is influenced by the
hydraulic conductivity and thickness of the streambed. Neither of these
variables was measured; however, inferences about the connection between ground
and surface water were made from unit discharge, flow duration, and streamflow
hydrographs.
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Unit discharge, which 1s discharge divided by drainage area, can be helpful
in assessing streambed leakage. In general, the higher the unit discharge
during periods of low flow, the greater the gtreambed leakage.

In late summer 1982, after a 3-week period of no rain, discharge was
measured concurrently at six sites on Turkey Creek and nine surface-water
inflows to Turkey Creek (fig. 5). Unit discharge was calculated for 14 of
these 15 gites (table 3). Unit discharge for site 5, the Milford waste-water
treatment plant, could not be defined.

Table 3.--Flow in Turkey Creek and tributaries, August 31
through September 2, 1982

Flow |Unit discharge

sitel Site discription (£t3/s8)| (£ft3 /s)mi?
1 Turkey Creek at county 5.88 0.12
road 250 East
2 Turkey Creek at county roads 8.05 o15
1250 North and 100 East
3 Hoopingarner ditch at .11 .03
county road 175 East
4 Outlet to Wabee Lake at 4,75 .30
State Road 15
5 Outfall for Milford waste- .03 e
water treatment plant
6 Turkey Creek at county 16.30 $21
road 1250 North
7 Coppes ditch at county 10. 10 47
road 1250 North
8 Davisson ditch at county 2,36 .51
road 1250 North
9 Omar-Neff ditch at county 1.79 .17
road 1250 North
10 Turkey Creek at county 37.20 27
road 1350 North
11 Court ditch at county 1.78 .10
road 300 West
12 Turkey Creek at U.S. Route 6 37.70 .27
13 Preston Miles ditch 1.02 .28
at U.S. Route 6
14 Kieffer ditch at unnamed .19 .04
gravel road
15 Turkey Créek at county 42,10 .28
road 50

l1ocations of sites are given in figure 5.

Unit discharges at sites 3 and 14 on Hoopingarner and Kieffer ditches were
less than 0.05 (ft3/s)/mi2. These ditches drain areas where soils are
primarily clay, especially in!their headwaters (figs. 4 and 5), whereas other
sites with greater unit discharges drain areas where soils have greater amounts
of sand and gravel.
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The unit discharge for Preston Miles ditch (site 13) that drains sand and
gravel was several times the unit discharge at Kieffer ditch (site 14). Flow
in Preston Miles ditch is presumably maintained during periods of low flow by
ground water, owing to greater aquifer recharge, more transmissive aquifer, and
(or) a more permeable streambed, than these for Kieffer ditch.

Data from table 3 were also used to estimate the amount of ground water
seeping into Turkey Creek. Accretion was 42.1 ft3/s - 5.9 ft3/s = 36.2 ft3/s.
Surface-water flow to Turkey Creek from sources outside the study area was 20,9
ft3/s. Thus, total ground-water seepage from the study area to Turkey Creek,
Preston Miles ditch and Kieffer ditch was 36.2 ft3/s - 20.9 ft3/s = 15.3 £t3/s.
Ground-water gain to Turkey Creek was 1indicated between each site except
between sites 10 and 12, where a loss of 1.3 ft3/s was measured.

Flow—duration curves of unregulated streams provide a second way to
examine qualitatively the hydraulic connection between surface water and ground
water. A flow-duration curve is a plot of unit discharge (vertical axis) and
the percentage of time the discharge is equaled or exceeded (horizontal axis).
Generally, a curve with a low slope is an indication of a stream with a large
component of flow coming from ground water. A curve with a high slope is
indicative of a stream with a small ground-water component of streamflow.

On the basis of two measurements of flow in Turkey Creek at county road 50
(site 15), flow duration at this location more closely resembles flow duration
at Elkhart River at Goshen than flow duration at Turkey Creek at Syracuse
(fig. 15). The gage for Turkey Creek at Syracuse is 0.2 mi downstream from the
controlled outlet to Lake Syracuse. The outlet 1is wused to maintain
higher-than-normal water levels in the lake during periods of low streamflow;
this results in an increased slope of the flow duration curve at its lower end.
The drainage areas for Turkey Creek and Elkhart River comprise similar geologic
deposits. Thus, the flow-duration curve for Turkey Creek at county road 50 was
extrapolated visually from the Elkhart River flow-duration curve, Data for
plotting flow—duration curves for Preston Miles and Kieffer ditches were
insufficient, Therefore, the curves for the two ditches were extrapolated by
correlating 11 measurements of flow in the ditches to corresponding flow at
Elkhart River at Goshen (fig. 16) with techniques described by Riggs (1972),

The slope of the flow-duration curve for Preston Miles ditch is less than
that of the curve for Kieffer ditch. This difference indicates that the
ground-water component of flow in Preston Miles ditch is greater than that in
Kieffer ditch. Measurements of flow on Kieffer ditch made at the gaging
station are an indication of the characteristics of the ditch upstream from the
gage. Downstream from the gage, Kieffer ditch drains an area of outwash and
probably receives more seepage from the ground-water system than it does
upstream.

When the flows in table 3 were measured, the flow for Elkhart River at
Goshen corresponded to a 70-percent flow duration. Unit discharges at 70-
percent flow duration for Preston Miles ditch, Kieffer ditch and Turkey Creek
at the measurement sites described in the two preceding paragraphs are 0,24,
0.05, and 0.33 (ft3/s)/mi2,
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Figure 15.-- Flow-duration curves for Elkhart River at Goshen, Turkey Creek at
Syracuse, and Turkey Creek at coumty road 50.

Comparison of the hydrographs for Preston Miles and Kieffer ditches also
reveals a difference in flow characteristics between the two streams (fig. 17).
The range of flow represented in the hydrograph of mean-daily discharges during
June through August 1982 is greater for Kieffer ditch than for Preston Miles
ditch. The lower minimum flows for Kieffer ditch are attributed to less ground
water seeping into the channel during periods when streamflow is maintained by
ground water.
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Water—-level fluctuations

Long-term water—level data were available for observation well Elkhart-4 in
southern Elkhart County (fig. 1). The well is screened in a sand and gravel
aquifer similar to that in the study area. Water—level changes in Elkhart-4
well seem to be unrelated to irrigation.

The hydrograph consists of cyclic seasonal fluctuations over the ten-year
period, 1973-82 (fig. 18). Monthly water levels are generally highest in
spring and lowest in autumn. In the 1982 water year, water levels were higher
than normal, owing to higher-than-normal rates of spring snowmelt.

807 A f\
N | . A NENAA

NERYAFNANNANINAR
NEVAVERAVEV AR

803 7
\\~ No Record M
802

IN FEET

ELEVATION ABOVE SEA LEVEL,

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Figure 18, -- Hydrograph of maximum monthly water levels in well Elkhart-4, 1973-82.

Water levels were recorded continuously at observation well 101-5 (fig. 5)
during the 1982 water year. The increase in March water levels in the
hydrographs for wells Elkhart-4 and 101-5 (fig. 19) are attributed the recharge
from snowmelt in March. The subsequent recession was faster in well 101-5 than
in well Elkhart-4, owing, in part, to ground-water pumping from well 101-1,
which is 800 ft to the west. During the summer, ground-water pumping from well
101-1 temporarily lowered water levels in well 101-5 nearly 1 ft below
nonpumping levels (fig. 19).

Recharge

Minimum recharge to aquifer 1 in the Milford area for the 1982 water year
was estimated by assuming that recharge equals precipitation minus potential
evapotranspiration. Surface runoff was assumed to be negligible because of the
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Figure 18.-- Hydrographes of maximumm and minimum daily water levels in well 101-5 and
maximum daily water levels in well Elkhart-4. 1982 water year.

high permeability of the soil over most of the area. Precipitation at Goshen
and Warsaw weather stations (fig. 1) averaged 32 inches for water year 1982.
Potential evapotranspiration for water year 1982 was estimated to be 26 in. by
using methods described by Thornthwaite (1948). Thus, an estimate of minimum
recharge to the surficial aquifer in water year 1982 is 6 in.

Recharge rates to various aquifers in the St. Joseph River basin were
estimated by Pettijohn (1968, p. 24). According to Pettijohn, unconfined
outwash aquifers receive an average of 10.5 in/yr (fig. 4); stratified drift
deposits, such as kames, receive 6.3 in/yr; and confined outwash aquifers
overlain by till receive 4.2 in/yr.

Ground-water Flow

Ground water flows in the direction of decreasing head perpendicular to
lines of equal potential. Water levels measured in autumn 1982 were used to
draw water-level contours for aquifers 1 and 2 (figs. 20 and 21). Regional
flow generally parallels Turkey Creek. Ground water flows into the area from
the east and south and out of the area at the northern boundary. Flow was
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The reason for the large increase in drawdown in layer 1 for plan 5 is the
extended pumping period. Calculated net leakage between layers ! and 2 in plan
5 was 23 ft3/s (table 8)., Net leakage for plans 3 and 4 was calculated to be
22 ft3/s, but, because of their shorter pumping periods, these two plans
produced much less drawdown in layer 1 than did plan 5.

Table 8.--Net leakage through semiconfining layers calculated by model
for calibration and five hypothetical pumping plans

[All values are for constant-flux boundaries except the values for
steady-state calibration for which constant-head boundaries were used]

Leakage between|Leakage between
Type of |layers 1 and 2 |layers 2 and 3

model (£t3/s) (ft3/s)
Calibration 4 1
Plan 1 5 1
Plan 2 6 1
Plan 3 22 1
Plan 4 22 1
Plan 5 23 1

Streamflow reduction for Turkey Creek.—-Streamflow reduction includes water
removed directly from the stream or reduction in ground-water seepage to the
stream. Before the effects of the pumping plans on flow in Turkey Creek could
be evaluated, the natural (unaffected) streamflow for the hydrologic conditions
of each pumping plan had to be estimated. Criteria analogous to those used to
estimate precipitation were used to estimate streamflow——-that 1s, streamflow
during an irrigational season with normal and below-normal precipitation was
assumed to be at 50- and 80-percent flow duration (fig. 15). Also, the authors
assumed that without pumpage, ground-water seepage to Turkey Creek would remain
at 16.8 ft3/s (the value calculated during steady-state calibration) regardless
of the amount of precipitation.

The results of the analysis of streamflow reduction for Turkey Creek are
present 1in table 9. Information from model calibration 1is included for
comparison, Values of ground-water seepage to Turkey Creek (col. 2) were
calculated by the model. Streamflow reduction by ground-water pumping (col. 3)
was obtained by subtracting values in column 2 from 16.8 ft3/s, the amount of
natural seepage calculated from field measurements with no pumpage. Values of
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streamflow reduction from surface-water pumping are presented in column 4.
Column 5 is the sum of values in columns 3 and 4. Column 6 is the difference
between values in columns 1 and 5.

Table 9.--Streamflow reduction in Turkey Creek calculated by the model
for calibration and five hypothetical pumping plans

Column

1 2 3 4 5 6

Total
Streamflow Streamflow stream—
reduction by|reduction by | flow Net
Natural Streambed|ground-water|surface-water|reduc- {stream-

Type of |streamflow | seepage pumping pumping tion flow

model (£t3 /s) (ft3/s) (ft3/s) (ft3/s) (£t3/s)| (£t3 /s)
Calibration 142.1 16.8 - - - 42,1
Plan 1 142.1 15.8 1.0 1.3 2.3 39.8
Plan 2 240 14.6 2.2 1.3 3.5 36.5
Plan 3 380 12.3 4,5 10.0 14.5 65.5
Plan 4 240 11.1 5.7 10.0 15.7 24,3
Plan 5 240 4-6.2 23.0 10.0 33.0 7.0

l1Flow measured at county road 50, September 1, 1982.

2Flow based on 80 percent flow duration (see fig. 15).

3Flow based on 50 percent flow duration (see fig. 15).

“Negative number indicates seepage induced from stream to aquifer.

The rate of streamflow reduction by ground-water pumping in plan 2
increased by 1,2 ft3/s over the rate for plan 1. This increase resulted from
extending the pumping period from 9.0 d to 36.8 d. Natural streamflow in plan
2 was also lower than that in plan 1 because plan 2 simulated below-normal
precipitation. The combination of these two factors resulted in a net
streamflow for plan 2 of 3.3 ft3/s less than that for plan 1.

For pumping plan 3, calculated total streamflow reduction increased about
fourfold compared to plan 2, This increase resulted mainly from the large
increase in surface-water pumping. However, because the natural streamflow in
Turkey Creek would be greater for plan 3 than for plan 2, the remaining flow
for plan 3 would also be greater.

-68-—



For plan 4, the combination of low natural streamflow and high streamflow
reduction resulted in a predicted streamflow of 24,3 ft3/s. This value was
lowest among the transient pumping simulations.

The steady—-state simulation for plan 5 resulted 1in high streamflow
reduction-—-about double the value for plan 4. Flow in Turkey Creek, predicted
hy olan 5, was about 18 percent of the natural flow. A unique consequence of
pilan 5 was that it predicted a net seepage loss from Turkey Creek. This loss
nearly equaled the remaining streamflow at county road 50.

The effect of ground-water pumping on Preston Miles and Klieffer ditches was
evaluated by applving model-calculated seepage to that part of each ditch
within the modeled area {table 10). For Preston Miles ditch, that part
rapresented the entire length of channel. Thus, the seepage to Preston Miles
ditch represented total flow in the stream channel. The low seepage predicted
¢o both ditches is of questionable accuracy. However, the model detected a
silight effect of pumping on seepage to both ditches and, for plans 3, 4, and 5,
seepage approached zero.

Table i0.—=Ground-water seepage to Preston Miles and Kieffer
ditches calculated by the model for calibration and five
hypothetical pumping plans

Seepage

(£t3/s)

Type of +
mode i Preston Miles ditch|Kieffer diteh!
:

H

Jailbration 1.3 <0.1
lan 1 «5 < .1
2lan 2 o < W1
Plan 3 <l <.l
Plan & < ol < .1
Pian 3 < s < i

ipoes not include seepage to the channel
upstream firom the modeled area.

A flow commonly used for streamflow assessment is the 7-day, 10-year low
€low (Qy,,9), which is the minimum flow for 7 consecutive days that occurs, on
the average, once every 10 years, The Q;,;, value for Turkey Creek at county
road 50 was estimated to be 12 ft3/s. This value was obtained by using a Q;,;,
estimate for Turkey Creek calculated by Stewart (1983, p. 272) and then
adjusting this estimate for drainage area.
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The transient pumping simulations (plans 1 through 4) predicted that the
flow in Turkey Creek remaining after subtracting streamflow reduction (column 6
in table 9) would be well above Q;,;;. However, plan 5 predicted that the
residual flow would be reduced to about 60 percent of Q;, 4.

Ground—-water budgets.-—-The ground-water budgets calculated by the model for
the five pumping simulations are presented on table 1ll. The budget for the
calibration is included for comparison. Streamflow reduction (sum of reduction
from all streams) attributed to ground-water pumping was calculated by
algebraically summing the source (+) and discharge (-) terms for streambed
seepage (table 11), then subtracting the result from the value of seepage
unaffected by pumping. This unaffected value is 19 ft3 /s and is the calculated
seepage value from the calibration. As an example, net streambed seepage for
plan 4 is (#)1 ft3/s + (-)11 ft3/s = (=)10 ft3/s. By summing (=)10 ft3 /s with
(+)19 ft3/s, a streamflow-reduction rate of (+)9 ft3/s is obtained.

By assuming that recharge and boundary fluxes are constant for all five
pumping plans, the only variables in the budgets are storage, streambed
seepage, and pumping.

As pumping time increases the percentage of water pumped from wells that
comes from storage decreases and correspondingly, the percentage of water
coming from streamflow reduction 1increases. When the pumping period is
sufficiently long, steady state is reacheds 1In this case, the percentage of
water coming from storage approaches zero and all the water pumped by the wells
comes from streamflow reduction. Thus, the percentage of water coming from
storage in plans 1, 4 and 5 1is 89, 65 and zero percent, and the rates of
ground-water pumping and streamflow reduction both equal 26 ft 3/s for plan 5
(table 11). Following pumping, the effect of the pumping on streamflow
continues but the magnitude of the effect decreases with time. Streamflow
reduction approaches zero as water levels approach prepumping levels and as the
storage requirement in the aquifers becomes satisfied (Jenkins, 1970).
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SUMMARY AND CONCLUSIONS

The water—-resources and the potential for their development were studied
in a 16.5 square-mile area near Milford, Indiana (fig. 1). Ninety percent of
the land use is agricultural. The well-drained, sandy soils in most of the
area are derived from glacial outwash and respond favorably to irrigation,
which represented 46 percent of the water use in 1982,

Surface drainage 1is to Turkey Creek primarily by way of two tributaries—-
Preston Miles ditch and Kieffer ditch (fig. 2).

The outwash—-aquifer system comprises three aquifers separated by two
continuous confining beds. Aquifer 1 comprises surficial sand and gravel and
averages about 40 ft in thickness. The average hydraulic conductivity of the
aquifer is estimated to be 280 ft/d, and the transmissivity is estimated to
range from 5,600 to 15,400 ft2/d. The specific yield is estimated to be 0.15.

Aquifer 2, below aquifer 1 and separated from it by a continuous flow till,
is also about 40 ft in thickness. The average hydraulic conductivity is
estimated to be 180 ft/d and the transmissivity is estimated to range from
3,600 to 10,800 ft2/d. The storage coefficient is estimated to be 0.0003.

A clay till at least 8 ft thick separates aquifer 2 from aquifer 3. On the
basis of scant data, the thickness of aquifer 3 ranges from 20 to 150 ft. No
estimates of hydraulic conductivity of the aquifer were available, but the
higher clay content of the aquifer suggests that it has a lower conductivity
than either aquifers 1 or 2.

The flow till between aquifers 1 and 2 generally ranges in thickness from
5 to 40 ft. The vertical hydraulic conductivity was estimated to range from
0.01 to 0.1 ft/d. 1In the west—central part of the area, where the flow till is
thin and sandy, leakage through this layer is especially evident.

The thickness and the hydraulic conductivity of the clay between aquifers 2
and 3 were assumed to be 8 ft and 0.01 ft/d, respectively, based on very
limited information.

Unit discharge, flow duration, and streamflow hydrographs for Turkey Creek
indicate a good hydraulic connection between the stream and the surficial
aquifer.

Estimated recharge to the ground-water system ranges from 4.2 in./yr for
confined aquifers overlain by till to 10.5 in/yr for the surficial outwash
aquifer, Ground-water flow 1s generally horizontal in the aquifer and
parallels the flow in Turkey Creek. Vertical flow upward to Turkey Creek is
indicated near the channel.
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A calibrated three-dimensional, ground-water flow model was wused to
simulate ground- and surface-water development with five hypothetical pumping
plans.

l. Land irrigated in 1982 and above-normal precipitation.

2, Land irrigated in 1982 and below-normal precipitation.

3, Maximum acreage irrigated and normal precipitation.

4, Maximum acreage irrigated and below-mormal precipitation.
5. Maximum year-round water use.

Transient pumping was assumed in the first four plans. Pumping to steady
state was assumed in plan 5. Water was pumped from aquifer 2 and from Turkey
Creek. Recharge and ground—-water flow across boundaries of the model were
assumed to be constant. Thus, water to wells was assumed to come from
streamflow reduction and, for transient pumping, from aquifer storage.

Under the preceding constraints, simulated irrigational pumping for plans 1
through 4 would cause minimal streamflow reduction in Turkey Creek. However,
flow in the two smaller streams—-Preston Miles and Kieffer ditches--might
cease. Most of the water to the wells during transient pumping (nearly 70
percent for plan 4) came from aquifer storage. Thus, the effect of ground-
water withdrawals on streamflow would continue after pumping stopped. Drawdown
in layer 2 was predicted to be as much as 20,7 ft for plan 4 and represented 25
percent of available drawdown.

All water withdrawn during pumping plan 5 was assumed to come from
streamflow reduction. Based on streamflow reduction in plan 5, the flow in
Turkey Creek would be reduced to less than Q;,,,. Drawdown in aquifer 2 was as
much as 30.6 ft, which is about one-third of the total available drawdown.
Part of aquifer 1 was nearly dewatered. Plan 5 was designed to explore the
results of a maximum stress rather than to simulate possible future
development.

The droughty soils developed on outwash require irrigation in order to
optimize crop yields. However, because these soils overlie sand and gravel
aquifers of high transmissivity and high rates of recharge, and because surface
water 1s readily available, this area can support present water use and
substantial future growth. Similar results were reported for an outwash .system
in the Howe study area, lagrange County. Throughout the St. Joseph River
basin, the areas of outwash that respond best to irrigation are also those
areas that probably have the best water supply to meet irrigational needs.

Unfortunately, this favorable relationship between need and supply is not
found in all areas of the State. In two northwestern counties, irrigation from
fractured limestone has caused drawdowns great enough to affect the water
supply of nearby domestic wells. The contrast between pumping from the outwash
and pumping from bedrock demonstrates that similar hydrologic stress can
produce dissimilar effects when applied to differing hydrologic systems. The
contrast illustrates the need to account for differences in hydrogeology when
developing statewide water-management policies.
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