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APPRAISAL OF THE WATER RESOURCES OF THE SKUNK CREEK

AQUIFER IN MINNEHAHA COUNTY, SOUTH DAKOTA

By Grant L. Ohland

ABSTRACT

The Skunk Creek aquifer in Minnehaha County, a major glacial outwash
deposit in the Skunk Creek drainage basin, consists of a 30-square-mile
shallow stream-connected sand and gravel aguifer in southeastern South
Dakota. The aquifer thickness ranges from 1 to 74 feet. Average annual
fluctuation of the water table is 2.5 feet. The water has an average
dissolved-solids content of 620 milligrams per liter and is very hard,
averaging 403 milligrams per liter calcium carbonate hardness.

A numerical model was developed and calibrated under steady-state and
transient conditions. The model contained 484 active nodes each representing
0.0625 square mile (0.25 mile on a side). Hydraulic conductivities of the
aquifer used in the model range from 10 to 400 feet per day and average
specific yield is 20 percent. Recharge from infiltration of precipitation
was estimated to be 6 inches per year or 24 percent of average annual precip-
itation. The maximum evapotranspiration rate was 32 inches per year and the
evapotranspiration extinction depth for the model was 5 feet. The steady-
state hydrologic budget was about 11,000 acre-feet per year. Recharge by
precipitation was about 9,500 acre-feet and recharge from streams was about
1,100 acre-~-feet. Discharge by evapotranspiration was about 5,000 acre-feet
and discharge to streams was about 5,700 acre-feet.

The model was tested under transient conditions by simulating actual
hydrologic conditions for 1985. Average monthly conditions were used for
each monthly model run. The 1985 transient hydrologic budget was
40,740 acre-feet. Recharge from precipitation and decrease in storage was 25
and 22 percent respectively and discharge by evapotranspiration, discharge to
streams, and increase in storage was 11, 23, and 14 percent respectively.
Recharge from streams, ground-water inflow, and pumpage amounted to
1.5 percent or less for each item.

The calibrated model was used to simulate the effects of two hypo-
thetical hydrologic situations. The first situation was steady-state
conditions to determine drawdown distribution and the volume of water that
the aquifer was capable of producing using average hydrologic conditions for
the period 1978 through 1985. The simulation resulted in a ground-water
withdrawal of about 15,700 acre-feet per year from 19 additional wells
pumping at a rate of 500 gallons per minute and 13 existing wells pumping at
a combined average rate of 24 gallons per minute.

The second simulation involved 12 monthly transient simulations using
1985 hydrologic conditions at a pumping rate of 15,962 acre-feet per year.
Comparison of the hydrologic budget to the 1985 pre-development budget
indicated that the decreased water levels caused by increased pumpage
resulted in decreased streamflow in Skunk Creek, decreased ground-water
storage, and decreased evapotranspiration.



INTRODUCTION

The Skunk Creek drainage basin covers 613 mi? in southeastern South
Dakota (fig. 1). Skunk Creek and its tributaries drain the entire basin,
eventually joining the Big Sioux River near Sioux Falls. A major glacial
outwash aquifer, called the Skunk Creek aquifer, is contained entirely within
the basin and has an area of approximately 90 mi2. The aquifer, part of the
Big Sioux aquifer system, has been dilvided into three management units named
the Southern Skunk Creek, Middle Skunk Creek, and Northern Skunk Creek based
on hydrogeological divisions within e aquifer. The aquifer is a surficial
valley-train glacial outwash deposit at consists predominantly of sand and
gravel with minor amounts of silt and clay. The unconfined nature of the
aquifer allows for a direct hydraulic |connection with Skunk Creek and other
surface-water bodies.

The study area consists of the Middle and Southern Skunk Creek manage-
ment units which cover approximately 30 mi?, contain about 96,000 acre-ft of
water in storage, and extend from the southwest corner of Moody County south-
ward through Minnehaha County to the CQity of ‘Sioux Falls (fig. 1).

Water withdrawn from the aquifer is used largely for domestic and agri-
cultural purposes. Additional development of the aquifer could result in
water—-level declines in some areas.

Purpose and Approach ta the Study

The objectives of this study are to: (1) Describe the hydrogeological
characteristics of the Skunk Creek aquifer; (2) characterize its hydrogeo-
chemistry and the processes that influence thHe composition of the water; and
(3) develop and calibrate a numerical (computer simulated) ground-water flow
model for the aquifer under steady-state (equilibrium) and transient condi-
tions. The model will be used as a management tool to predict the hydrologic
effects of selected stresses applied to the hydrologic system.

This investigation was based on data from the the U.S. Geological

Survey, South Dakota Geological Survey, and the South Dakota Department of
Water and Natural Resources, Water Rights Division.
Geological data obtained from test-hole |drilling were used to modify a

previously constructed geologic map
with the Skunk Creek valley. Thes
construct aquifer configuration maps,

f surficial outwash deposits associated
test-hole data were also used to
as well as geologic cross sections.

data base were used to
This data base contains
and public water supply
streams and observation

Data from the U.S. Geological Su
evaluate the hydrogeochemistry of
quality of water analyses from irriga
sources, as well as from samples c¢
wells.

vey WATSTORE
he aquifer.

ion, domestic,
llected from

The numerical computer simulatio
U.S. Geological Survey modular gro
Harbaugh, 1984). Aquifer simulati
based on an 8-year period (1978-85),
1983), and monthly transient simulat
calibration under steady-state (equil

ons for 1984 and 1985.

of the aquifer was conducted using the

nd-waﬁer flow model (McDonald and
ns incdluded a steady-state simulation

nual transient simulations (1982 and
Following model

rium) and transient conditions, the

model was used to simulate two hypothetical situations which applied
additional stresses to the hydrologic |system.
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SUMMARY AND

The Skunk Creek aquifer,
Creek drainage basin is composed of a
mantling glacial till and the Sioux
miles). Normal precipitation in the b
per year (817,300 acre-feet per year)
year leaving the basin as streamflow.

year consists of water temporarily adg

in ponds, sloughs, lakes, and the soil
spiration.

The water quality of the Skunk Cr
The water has an average dissolved-
liter. The water is very hard with an
403 milligrams per liter.

A numerical computer model was de
state and transient conditions. Aver
period (1978 through 1985) were used t
mean absolute difference between si
26 observation wells was 1.25 feet. T
monthly basis using hydrologic data
levels averaged from 0.21 to 0.71 feet
in 26 observation wells. The absolut
measured water levels for each month r

A sensitivity analysis of the
lated water levels were most sensitive
hydraulic conductivity of the stre
the hydraulic conductivity of the aqui

The model was subsequently use
thetical hydrologic situations on wate
hypothetical situation simulated incr
steady-state conditions. Total pum
13 pre-existing wells was 15,731 acre-
declines ranging from 0 to 12 feet.

The second hypothetical situat
pumpage under 1985 transient condition
19 hypothetical wells and pre-exist
with drawdown ranging from 0 to 8 feet

On the basis of results of this
made:

1) Recharge to the aquifer occ
underflow from the Wall Lake and North
streams and glacial till deposits.

2) Average annual recharge to th
from 1978 through 1985.

3) Natural discharge from the aquifer r

ground-water discharge to streams,
Quartzite.

a majgqg
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CONCLUSIONS

)r glacial outwash deposit in the Skunk
variable mixture of sand and gravel
Quartzite in the study area (30 square
sin averages approximately 25 inches
ith approximately 44,900 acre-feet per
The remaining 772,400 acre-feet per
led to ground-water storage, to storage

, and ultimately lost to evapotran-

ek aquifer is suitable for most uses.
olids content of 620 milligrams per
average calcium carbonate hardness of

eloped| and calibrated under steady-
ge hydrologic conditions for an 8-year
calibrate the steady-state model. The
ulated and observed water levels for
e trangient model was calibrated on a
from 1985. Simulated monthly water
higher than the measured water levels
mean difference between simulated and
nged f‘om 1.10 to 1.64 feet.

teady-state model indicated that simu-
to changes in aquifer recharge and the

ed. The model was least sensitive to
er and the evapotranspiration rate.

to evaluate the effects of two hypo-
r levels in the aquifer. The first
ased pumpage under (1978 through 1985)
age from 19 hypothetical wells and
eet per year, resulting in water-level

on evaluated the effects of increased

Total aquifer withdrawal from the

ng wells was 15,962 acre-feet per year
|

tudy, the following conclusions may be

rs from infiltration of precipitation,
Skunk Creek aquifers, and leakage from

aquif%r was about 6 inches per year

%Bults from evapotranspiration,
and possible discharge to the Sioux




4) The Skunk Creek aquifer is hydraulically connected to the Wall Lake
aquifer. Underflow from the Wall Lake aquifer affects the chemical quality
of the water in the Skunk Creek aquifer downgradient from the discharge area.

5) Water in the aquifer is very hard, generally of the calcium-
bicarbonate type, relatively low in dissolved solids, and is generally
suitable for irrigation and public water supply use.

6) The chemical constituents in the ground water are derived primarily
from the dissolution of sulfate, carbonate, and silicate minerals.

7) Increased pumpage from the aquifer generally is offset in the hydro-
logic system by decreased evapotranspiration and ground-water discharge to
streams.

8) The West Branch Skunk Creek region of the aquifer appears to be
incapable of sustaining well yields of 400 to 500 gallons per minute.

9) The model successfully simulated steady-state (equilibrium) condi-
tions with a total withdrawal rate of 15,731 acre-feet per year, based on
average hydrologic conditions from 1978 through 1985. This total withdrawal
rate is from 19 hypothetical wells and 13 wells simulating 1978-85 reported
irrigation pumpage. :

10) On the basis of simulated 1985 hydrologic conditions, the aquifer is
capable of producing 15,962 acre-feet per year for a l1l2-month period from
19 hypothetical wells and 1 to 10 wells simulating reported 1985 irrigation

pumpage.
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