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DEFINITIONS OF TERMS

AQUIFER - A geclogic formation, group of formations, or part of a
formation that will yield significant guantities of water to
wells and springs. In this report, a major agquifer is defined
as one that will yield 18 or more galloms per mivrmte to
individual wells.

ARTESIAN WATER - Ground water confined under hydrostatic pressure

sufficient to raise water levels in wells above the top of
the aquifer,

BEDROCK AGQUIFER — A water-yielding geoclogic formation comsisting
of consolidated rock such as sarndstone.

DISCHARGE, GROUND WATER ~ The flow of water from an aquifer by
subsurface outflow and vertical leakage. Alsc, the removal of
water from the zorme of saturationm by wells, springs, seeps,
and evapotranspiration.

DRAWDOWN — The amount of lowering of the water table or
potenticometric surface caused by pumping or artesian flow.

ELECTRIC LOG - An electrical recording obtained by lowering
electrodes in a borehole and measuring various electrical
properties of the geological formationms traversed.

EVARPOTRANSPIRATION - Loss of water from a land area by

evaporation from the water or soil surface and by plant
trarspiration.

GLACIAL AGUIFER — A water-yielding geclogic formation consisting
of materials transported and deposited by glacial action such
as urconscolidated sand and gravel deposited as outwash by
meltwater fraom a glacier.

GROUND-WATER DIVIDE - A mound or ridge in the water table or
potentiometric surface from which the ground water moves.

HARDNESS - Hardness of water is a physical~-chemical
characteristic attributable to the presence of alkaline
earths (prirncipally calecium and magrnesium) and is expressed
as equivalents of calcium carbonate (CaC03). Hardress has
been rclassified in some reports of the U.S. Geological Survey
{Durfor and Becker, 1264, p. 27) as follows:

Milligrams per liter Grains per gallon
Soft O0- &0 0— 3.4
Moderately hard &61—-120 3.5—- 7.0
Hard 121-180 7.1-10.5
Very hard More thanm 180 More than 10.5
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HEAD (STATIO) — The hydrostatic pressure expressed as the
elevatiocrnn of the top of a column of water that can be
supported by the pressure.

HYDRAUL IC CONDUCTIVITY - As commonly defined is the rate of flow
of water, in gallons per day, through a square foot of
aguifer under a unit hydraulic gradient.

HYDROSTATIC PRESSURE - As used here, the pressure exerted by the

water at any given point in an aquifer. The hydrostatic
pressure of ground water most commonly is due to the weight
of water at higher levels.

LARGE-CAPACITY WELL - Defirned by South Dakota law as a well

capable of yielding at least 18 gallons per minute on a
sustained basis.

MICROGRAMS PER LITER (UG/L) — A unit expressing the concentration
of chemical constituents dissolved in water as ‘mass
{micrograms) of solute per unit volume (liter) of water. One
thousard micrograms per liter are equal to 1 milligram per

liter.
MILLIGRAMS PER LITER (MG/L) - A unit for expressing the
conicentration of chemical constituents in solution.

Milligrams per liter represent the mass of solute per unit
volume (liter) of water.

NATIONAL GEODETIC VERTICAL DATUM - A geodetic datum derived fraom
a general adjustment of the first order level rnets of both
the Urnited States and Canada. It was formerly called “"mean
s=2a level." Although the datum was derived from the average
sea level over a period of many years at 86 tide stations
along the Atlantic, Gulf of Mexico, and Pacific Coasts, it

does not necessarily represent local mean sea level at any
particular place.

OUTWASH — A stratified deposit of sand and gravel that has been
washed, sorted, and deposited by meltwater from a glacier.

PERMEABILITY — The property of a material to transmit water under
a poterntial gradient (same as hydraulic cornductivity).

POTENTIOMETRIC SURFACE - An imaginary surface that coincides with
the head of an aguifer as represented by the level to which

water will rise in tightly—-cased, rnon—pumping wells open only
to the aqguifer.

PROPERLY-CONSTRUCTED WELL ~ A well constructed to transmit the
maximum amcount of water from an  aquifer without excessive
drawdowrt of water level at the well. This usually involves
installing a well screen or perforating the casing opposite
the aquifer. It also involves developing the well in such a
marmer as to remove drilling mud and other fine—grained

vii



material from the aguifer adgjacent to the well.

RECHARGE -~ Addition of water to the zonme of saturatiom by
infiltratiorn of precipitation, seepage from streams or other
bodies of surface water, or by subsurface inflow.

RUNOFF - That part of the precipitation that appears in surface
streams. It is the same as streamflow unaffected by
artificial diversions, storage, or other works of man in or
ori the stream charnrnels.

SALINE WATER — As used in this report it is water corntaining more
than 1,000 milligrams per liter of dissolved solids.

SPECIFIC CAPACITY ~— The rate of discharge of water from a well
divided by the drawdown of the water level, normally
expressed as gallons per minute per foot of drawdown.

SPECIFIC CONDUCTANCE - The ability of water o conduct an
electrical current, expressed in micromhos per centimeter at
25 degrees Celsius. Because the specific conductance is
related to the number and specific chemical types of ions in
solution, it can be used for approximating the
dissolved-solids concentration in the water. The following
general relation is applicable in the area of study:

Specific conductarnce, in micromhos per
centimeter * ©O.65 = dissolved solids, in
milligrams per liter.

SPECIFIC YIELD - The storage coefficient for an unconfined
aquifer.
STORAGE COEFFICIENT - The volume of water an aguifer releases

from or takes into storage in a vertical column of 1 sguare
foot when the head decreases or increases 1 foot, expressed
as a ratio of the volume to the volume of the aquifer column.

TILL - An unsorted, unstratified mixture of clay, silt, sand,
gravel, and boulders deposited by a glacier.

TRANSMISSIVITY - The rate of flow of water, in gallons per day,
through each vertical strip of aguifer 1 foot wide having a
height equal to the saturated thickness of the aguifer and
urnder a hydranlic gradient of 1 foot per foot.

WATER TABLE ~ The surface of arn urconfined water body at which
the pressure is atmospheric. It is defired by the levels at
which water stards in wells that pernetrate the water body

Just far ercugh to hold standing water. In wells which
peretrate to greater depths, the water level will stand above
or below the water table, respectively, if an  upward or

dowrward component of ground-water flow exists.
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INCH-POUND AND METRIC UNITS

For those readers interested in converting inch—-pound units to
metric urnits, the fsllowing factors are used:

—_—— e LR SR N TS R I A

acre
acre—-foot
acre~foot

acre-~foot per square
mile

cubic foot per
second

cubic foot per
second per
square mile

foot

foot per day

foot per mile

gallon

gallon

gallon per minute

gallon per day per
square foot

gallon per day per
foot

inch
mile

square mile

By

0. 4047

1,233

1.233x1078

1.093x1072
0. 3048

0. 3048

0. 1834
3.785

3.785x10°°3

6. 309x10 72

0. 0407

1.248%1072

1.609

2. 5380

iX

To obtain metric unit
hectare
cubic meter

hectometer

cubic meter per
square kilometer

cubic meter per
second

cubic meter per
secornd per square
kilometer

meter

meter per day

meter per kilometer

liter

cubic meter

liter per second

meter per day

square meter per day

millimeter
kilometer

square kilometer



ABSTRACT

Glaciers have deposited as much as &0Q00 feet of clayey glacial

till arnd cutwash sand and gravel on shale bedrock in Clark
Cournty, a hilly area af 3979 sguare miles ont the west side of the
400—foot high Coteaun des Prairies in mortheastern South Dakota.

Outwash sand and gravel 20 to 30 feet thick conmstitute six magor
glacial aquifers that underlie 70 percent of the county. Three of
these, Prairie Coteauw aquifers 1, 2, and 32, are peretrated at
depths of from a few feet to 00 feet.

Bereath these are the three Altamont aquifers, alsos rnumbered
i, 2, and 3, pernetrated at depths to nearly €00 feet om the
Coteau des Prairies. The Altamont aguifers extend westward into
the James Basin where depths to the aguifers are as shallow as 10
feet. Glacial aqguifers can yield as much as &,000 gallons per
minute of slightly—-saline, very hard water to individual wells.

A major bedrock aguifer, the Dakota Formation of Cretaceous
age, consists of as much as 200 feet of firne—-grained, silty sarnd-
stone and sandy shale that is peretrated at depths of Ffrom 200 to
1,400 feet berneath 800 feet of relatively impermeable shale. The
aguifer can yield as much as S0 pallons per mirmte of soft,
slightly-saline water to a well.

Armual withdrawals of ground water in Clark County during 1376
totaled 5, 000 acre-feet, 70 percent of which was for irrigation.
Water~level declives arcurnd irrigation wells in the glacial agui-
fers gernerally were less than S0 feet. Water levels recovered
nearly to pre—pumping levels following the irrigation season.
Recharpe to the placial aguifers is estimated to rarnge From 3, 000
to S4, 000 acre-feet anrmally.

Surface-water resowrces include approximately 1,000 1lakes,
ponds, and marshes that dot the Coteau des BPrairies. Most are
very shallow and dry up during summer. Streamflow off the cotean
averages &7,000 acre—-feet arrually but is ephemeral, SCCUrring
mostly during the spring in wet years.

INTRODUCTION

The Clark County Board of Commissiorers reguested a study of
the geclogy and water rescources of the county to  determine the
available water supply arnd provide informaticon forr plarnming effi-
cient use of the supply. The study is part of a cooperative pro—
gram of the South Dakota Geoclopgical Survey and the U. 5. Geolog-
ical Suwrvey. It was firnarnced by State, Oahe Conservancy
Sub-District, and county funds matched by Federal furds.

The caooperation of well owners in allowing access +to their
property and of well drillers in providing well logs arnd well- -
construction data is greatly appreciated.



This report is published irn two parts. The gecology is
described in Part I (Christersen, in preparation). This report,
Part II, is a gereral appraisal of the water resources. It is
riot internded as a substitute for detailed hydrologic studies that
may include test drilling and aguifer tests reguired to evaluate
the potential of an aguifer for intensive water development.

Purpose and Scope

The purpose of the water—-resources part of the study was to
determine the availability of surface and ground-water supplies,
assess the water guality, and estimate the effects of development
orr the supply. The glacial aguifers are described irn greatest
detail because they are a potential sowrce of large amounts of
water. Pricor to this study little was krnown of their extent, com-—
positicon, arnd thickress. Movement of water was studied to esti-
mate recharge arnd discharge of aguifers.

Geohydrologie data from 400 test holes and 600 wells were
cbtained and aralyzed to determine the compositiorn, depth %o the
topy, arnd areal and vertical extent of the aguifers as well as the
altitude of water levels. Water samples from 400 wells and 10
lakes were collected and analyzed for several chemical constitu-
ents and physical properties to determirvrie gerneral water quality.
Additiornal water samples, collected from 60 wells and 4 lakes,
were analyzed for major ions, ratrients, and selected trace ele-
mernt s. The water level was measured bimonthly in 40 wells and
semiannually in 10 lakes to determine water-level fluctuations
and trends. Aguifer tests were made at three sites to determine
aguifer characteristics. Landsat photographs were used in the
evaluation of suwrface—~water resowrces and the areal externt of the
80-sgquare mile Prairie Coteau aguifer 1. This aguifer includes
near—-surface deposits in - topographic lows where the water table
was shallow and soil moisture was high relative to adjacent areas
during the draought of 1373-76. Hevrice, these moist areas appeared
as dark tores of gray on the Landsat imagery of band 7 o October
17, 1974.

Wells, test holes, and surface-water sampling sites are iden-—
tified by a rumbering and lettering system based on the Federal
land—-survey system used in South  Dakota (fig. 1). The location
includes a township rnumber fallowed by the letter N for nmorth,
range rnumber followed by the letter W for west, arnd section wum-—
ber. This is followed by a maximum of four letters that indi-
cate, respectively, the 160-, 40—, 10—, and 2 l/2—-acre tract in
whiech the well is located. These letters, A, B, c, and D, are
assigred in a counterclockwise direction begirming with "A" in

]
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Figure |. Diagram of

tsiTe—numbering system. *




the rortheast guarter. A serial riumber following the last letter
is used tz distiwmguish between wells in the same & 1/8—acre
tract. Thus, well 11BNSBWI4AADC is in the SW 1/4 SE 1/4 NE 1/4 NE
1/4 sec. 14, T. 118 N., R. S8 W.

Clark County comprises 973 square miles of till plains and
hills along the boundary betweern the James Basim and the Coteau
des Prairies in the Cerntral Lowland physiographic province (fig.
). The hummocky, glaciated surface of the Coteau des Prairies
ranges in altitude from 1,700 feet in the scouth to 1,300 feet iwn
the rmorth and is about 400 feet above the James Basin to the
west. The Coteaw des Prairies is characterized by rnumercus small
lakes, ponds, arnd marshes in poorly—-drained swales. Vertical
relief i a square mile can exceed S0 feet. Alorng the border
betweern the Coteau des PBrairies and the James Basin, slopes are
steep arnd stream gradiernts in places exceed 100 feet per mile.
The slopes decrease to about 20 feet per mile along the western
side of the county.

The county has a population of about 5,500 and an  ecornomy
based orn agriculture. More tham 290 percent of the land is range
arnd field crops (U.8. Department of Agriculture, 1370). Agricul-—-
ture has been adapted to a semiarid, continental climate charac-
terized by cool wet springs, hot dry summers, and long cold win-—
ters. The mean—arrmual temperatuwre is about 7 degrees C (44
degrees F) but mearn mornmthly—-temperatures average less than O
degree C (22 degrees F) for 2 months of each year. Average armual
precipitation is only 21.7 irnches, and is more tham 32 iwnches
below average 30 percent of the time. More tharn three—-fourths of
the precipitation ceccocurs during the growing season.

SURFACE-WATER RESOURCES

The suwrface-water resources of the county are comprised of
streams, lakes, ponds, ard marshes. The location and externt of
streams and larger lakes and marshes on May 31, 1373, are shown
i Figure 3. The area of steeply-slaoping terrane west of the
Cotean des Prairies is mostly pasture land and appears on the
pnotograph as a northward—-trending gray barnd 2 to 3 miles wide.

Streams
Most streamflow ocours in 14 short, ephemeral streams that
flow from the Coteauw des Prairies into the James Rasin. Stream
gradiernts rarnge from 20 to more than 100 feet per mile. Most of
the arrual streamflow occours during late winter and early spring

from snowmelt and rainfall rumaff. Although riorne of the streams
ware paged, the mearn—-anral discharge of six streams was esti-
mated using a regression analysis (Larimer, 1370). Estimated

4
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large marshes, May 3l, 1973.




discharge ranmges from 0.3 cubic feet per second for streams with
draimage areas of 2 or 3 square miles, to 3 cubiec feet per second
for streams with drainage areas of about 30 sguare miles. These
estimates indicate that runoff averages about 0.1 (cubic feet per
sEcond) per sguare mile. Using this estimate arnd a drainage area
of 400 sguare miles, the average armual streamflow from the
county is about 40 cubiec feet per second or 27,000 acre-—feet.

There are about 1,000 lakes, ponds, arid marshes in Clark
Courmty. Nearly all aof them were dry at some time during the
drowght of 1273-7&. Landsat imagery (fig. 3} shows the lakes and
marshes or May 31, 1373. The size and rumber of lakes are differ-—
ent on  the landsat photograph tharn  on other base maps  in the
report because the lakes are shallow, are viot supplied by large
springs, and charnge in size with changes in precipitatiorn. Data
from land and water inverntories (Ul 8. Department of Agriculture,
1970) indicate that 14,580 acres or 2.3 percent of the county are
covered by water in most years. Maost of this water is on the
Coteaun des Prairies, where approximately 4 percent of the larnd is
covered by lakes, ponds, or marshes.

Water—level charnges for five lakes and a marsh duaring 1373-76
are shown in figure 4. By the end of 1376&, after 3 years of
drooight, rearly all of the lakes, ponds, and marshes were dry.

The water level of Willow Lake (site 3, fig. 4) declined the
most (5 feet) durivig the drought becauwse the lake receives little
ground—-water inflow. Willow Lake probably was deeper than many
other lakes in the county at the start of the drought because it
had received runcff from a surface drairnage area of more than 100
square miles, about three times more than the area for other
lakes in the county.

The water level in Artelope Lake (site 4, fig. 4} declined
only about 1 foot during 1976 because of spring discharpe into
the lake. Although Raileys Lake also receives ground-water
inflow, its water level declined about 4 feet during 1376 because
of a decrease in ground-water inflow, an increase in the watering
of livestock, and seepage loss.

It should be roted that the hydrographs in figure 4 are drawn
s as not to overlap. Thus, the positions of the hydrographs do
rnot indicate relative lake altitudes. Alsio, the adjusted water
levels are arbitrary.

GROUND-WATER RESOURCES
Well-water supplies adequate for domestic and livestocok rneeds
are available within 00 feet of +the land surface in most of

Clark Cournty. Yields =of as much as 2,000 gallonms per minate can
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be obtairmed from individual wells completed in glacial aguifers
and yields =of as much as 50 gallons per minute can  be obtained
from wells completed 300 feet or deeper in  the bedrock aguifer.
Most water is cobtairmed from artesian aguifers confimed by less
permeable t1ill or shale.

The glacial aguifers consist principally of wunconsclidated
sand arnd gravel deposited as glacial ountwash. Locally, the agui-
fers consist of clayey, sandy silt or gravelly, clayey silt. The
rames of glacial aguifers were chosen by the author to correspond
with those used in a study of the same aguifers in adjacent couwn—
ties (Hume, 197&). A discussion of the origin and compositiorn of
the ocutwasih and aother deposits can be found in Part I of this
Bulletinm (Christensen, in preparatiorn).

Selected physical and hydrological characteristics of the six
major glacial aguifers inm Clark County are summarized in table 1.
Three of the higher—altitude, Prairie Coteaun aguifers occur only
oy the Cotean des Prairies. Three others, at lower altituwdes, are
the Altamont aguifers. Aguifers in zach set are rnumbered consecu-—
tively in order of irncreasing depth. Altitudes of aguifer taps
range from 1,260 feet for Altamont agquifer & (the deepest) to
1,730 feet for Prairie Coteaw aguifer 1 (the shallowest).

Depths to the tops of the aguifers range from O to 585 feet
below land swrface. Depths of the Altamornt agquifers increase from
west to east with +the upward slope of the land surface onmto the
Coteaw des Prairies, being greater tharn 300 feet on the coteauw.

The areal extent of the aquifers ranges from S0 square miles
fore Prairie Coteauw aguifer 2 to €30 sguare miles for Altamont
aguifer E. In about ome~fourth of the courty, two or more aguil-
fers overlap. Altamonmt aguifers & and 3 are hydraalically corn—
nected near the west side, berneath an area of about SO sguare
miles. Elsewhere the aguifers are separated by 30 to 150 feet of
less permeable till that slows the movement of water between
aqui fers.

The aguifers range from 20 to 40 feet in  average thickrness.
The maximum krnowrn  thickrness of permeable sand and gravel is 121
feet in test hole 118NSEWBAAAA, which peretrates Altamont aguifer
2 betweer the depths of 214 and 435 feet.

Static water levels in wells range from less than 10 feet
below land surface for most of the aguifers inm  the western part
of the county to 326 feet below lanmd surface onm the coteau rnear
the center of the county. Flowirng wells have been completed:
lomcally along the westermn edges of Altamonmt agquifers 1 and 2.

Estimated water in storage ranges from 130,000 acre—-feet for

Prairie Coteaunw aguifer 3 to 3,230,000 acre—-feet for Altamont

3



TABLE 1 SELECTED PHYSICAL AND HYDROLOGICAL CHARACTERISTICS
OF MAJOR GLACIAL AQUIFERS.

Average Annual Recharge
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Prairie Coteau
aquifers
1 1,760-1,790 0-40 80 20 6-40 200,000 16,000 200 3.8 800
2 1,650-1,770 50-170 110 20 1-100 280,000 11,000 100 1.9 800
3 1,520-1,590 200-330 50 20 140-180 130,000 5,000 100 1.9 200
Altamont
aquifers
1 1,450-1,500 70-380 180 30 +25-260 690,000 9,000 50 9 800
2 1,360-1,500 10-480 630 40 +25-326 3,230,000 54,000* 80 1.5 2,000
3 1,260-1,360 70-590 210 30 8-260 810,000 300

* Includes recharge to Altamont aquifer 3.



agui fer 2. These estimates are based on an estimated specific
vield of 20 percent.

Average armmual recharge to the glacial aguifers from precipi-
tation rarnges from 5,000 acre—feet for Prairie Coteauw aguifer &
to T4, 000 acre—-feet for Altamont aguifer 2 (table 1). Much of
the recharge to the upper aguifers alsc infiltrates to recharge
Altamornt aguifer 2. The rate of armual recharge is estimated to
range from 30 to 200 acre~feet per sguare mile, Recharge from
vertical iwmfiltration of precipitation is estimated as the prod-
et of the assumed vertical hydraulic comductivity of the glacial
till, ©.001 feet per day, and the average vertical hydraulic gra-
dient, about 0.3, This product is O.1 feet per year or €4 acre-—
feet per sguare mile per year. This carn be expected to vary as
much as S0 percent in different localities due to the ratuwral
large variations in hydrologic conditions.

Because Prairie Coteauw aguifer 1 is rnot covered by till in
nary areas, the average anmual rise in water level was used to
estimate recharge in ore well in an area of o till. The averapge
rise in water level in well 113NS7W4ADARAR (fig. 9) during 1963-78
was 3.7 feet. Converting this to inches and multiplying by a spe-
cifie yield of 10 percent provides a recharge estimate of 4.4
inches anrnually. This value was adgusted to E.8 inches or 200
acre—feet per sguare mile, armually to account for the aguifer
area where recharge is reduced by a cover of till. The uwse of a
value of specific yield orne—-half of that for other glacial agui-
fers makes the recharge estimate conservative.

Maximum well yields range from 200 gallons  per minute  for
Prairie Coteau aguifer 3 to 2,000 gallons per minute for Alta-
mont aguifer 2. Such yields may be attaimed without excessive
drawdown where the aguifers contain a rnear—-maximum thickness of
sand arnd gravel and are rnot severely affected by less permeable
bowndaries. Theomretical estimates of drawdown forr the Altamont
agui fers at various distarces from a pumping well (figs. 18, 24,
and 28) are based on the following aguifer tests:

Location of pumped well —————————— 11SNSBW7DDARA and 11SNSBWBCCAA
AQuUi Far = e e e e e e e e Altamont 1
Agui fer depth (feet) —-—-——————mm——m— 105
Aguifer thickress (feet) -——————e—- 32
Well depth (feet) -—-————————r—mmem 133 (7DDAAY and 141 (BCCARA)
Average pumping rate

(gallons per minute) ———————w——- *#870
Pumping time (days) ————=m————————- 3z
Drawdowrn in pumped well

{(feet) ————— e 31 (7DDAA) and 3z (BCCARA)
Specific capacity (gallaons

per mirnute per foot) ———e——————— 9 (7DDAA) and 25 (BCCARAQ)
Tramsmissivity (gallons

per day per foot) —————m——mmee— 15, 000

11



Coefficient of storage ————————— 0. 0001
Remarks ———————m e e e Recovery test Tor two pumped
wells.

* Average of total for two wells punping intermittently.

Location of pumped well —-——~——————- 11E6NS9WI4CACE
Agui fer ——m—m——— e e e Altamont 2
Aquifer depth (feet) ———————————- 295
fguifer thickrness (feet) —-——————- 29
Well depth (feet) -—————————r——ee—m 118
Average pumping rate

{gallons per mirwte) ————————— 3500
Pumping time {(days) —-—————=—————— 39
Drawdown in pumped well

(feet) —————————— e — 41
Specific capacity (gallons

per miviwte per foot) —————————- 21
Transmissivity (gallons

per day per foot) —————e——————e =8, 000
Coefficient of storage -—————————— - 0001
Remarkg ———m———— e e e e e Recovery test.
Location of pumped well —-———————— 11ENS7WEDCAD
Aguifer ————————— e e ARltamont 3
Aguifer depth (feet) ———————————- 474
Aguifer thickness (feest) -——————— 30
Well depth (feet) -————————--er— S06
Average pumping rate

{gallons per minute) ————————— 100
Pumpirg time (days) ———————————m—- 125
Drawdown in pumped well

{(feet) ———————————— e ———— &7
Specific capacity (gallons

per minute per foot) -————————- =
Transmissivity (gallons

per day per foot) ——————————e—- 2, OO0
Coefficient of storage ————————— « 0001
Remarks ——————————————————————— Drawdown test.

Prairie Coteau Aguifer 1

EXTENT AND COMPOSITION

The Prairie Coteaun aguifer 1 {fig. ) exterds rorthward
through the middle of the county inm a 1.5 to S-mile-wide band and
has an area of about BO sguare miles. It is the shallowest

1
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aguifer in the county, coourring withinm 20 feet of the lard sur-—

face at most places. The aguifer is composed of placial outwash
comsisting of fine +to coarse samd amd gravel that was deposited
in a broad valley cut into stagmant ice and till by meltwaters

which flowed southward from an  ice-front located iv the rnorthern
part of the county (Christersen, in preparation). The meltwater
streams shifted freqguently as their charmels became blocked
locally by outwash deposits. Consequertly, although there are
large areas where the thickrness of the aguifer exceeds 30 feet,
the outwash is distributed irregularly across the valley and is
absent locally. The maximum thickness is 88 feet in well
117NSBWIERAARA, but the aguifer there is composed mostly of firne,
silty, clayey sand that will riot yield water as readily as does
clearr sand arnd gravel.

Irregularities in thickness are partly the result of deposi-
tionm of outwash on the irregular erocsional suwrface of the under-—
ilyirvmg till. The hydrologic section  is drawn through areas where
the thickrness of the aguifer gernerally is greater than average
{fig. &) . At the time the test holes were drilled, the aguifer
was partly unsaturated. Clay layers and the unsaturated material
are nst ircluded ivi the thickrness data in figuwre 3.

WATER MOVEMENT

Grownd-water movement (fig. £) is from recharge areas berneath
hills to where the water discharges in marshes and lakes. There
also is leakapge downward from the aguifer into underiliying till.
The direction of movement is determirned from water—level alti-
tudes in 33 wells arnd test holes spaced at inmtervals of as much
as 3 miles alonp the section. Some lakes, such as bBaileys Lake,
are recharge souwrces. Other lakes, such as Antelope Lake, are
points of discharge from the ground-water system.

Horizonmtal comporents of ground-water movement can be shown on

a potentiometric map (fig. 7). Grouwnd water moves horizontally
through Prairie Coteauw aqguifer 1, either eastward or westward,
and discharges into till, marshes, and lakes. Water near the
westerrn edge of the agquifer moves west through t111 ard dis-—-

charges at seeps alorig the slape of the Coteaw des Prairies.
Lomeally, movement of water is more complex thanm is shown by the
arrows in figure 7.

Recharge to the aquifer, fyrom infiltration of precipitation
and inflow from till adgacent to the aguifer, is estimated to be
16, 000 acre-—~feet per year (table 1). This is eguivalent to an
average armnual rate of 200 acre—feset per square mile, o aboat
2. 8 iwnches, which is 18 percent of the average arrmmual precipita-
tior. Recharge is estimated to be at least double that of the
other aguifers because in many areas the Prairie Coteaun aguifer 1
is rot covered by till ard is guickly recharged by srowmelt and
rairn during the spring.

14
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WATER-LEVEL CHANGES

A large declire of the water level in a punpirng well results
im decreased yield arnd increased pumping cost. Such a declirne may
be caused by a decrease in recharge, increased pumping, interfer-—
ernce between adjacent wells, or by deterioratiocn of the well
through clogging of the well screen by bacterial growth or min-—
eral deposits.

The temporary decline of water levels in Prairie Cotean agui-
fer 1 during 1976 (fig. 8) was caused by decreased recharge and
alsoc by irncreased pumpivng by wells. Discharge from 14 large-ca—
pacity irrigation wells totaled an estimated 2,480 acre-feet dur-—
ivig 137&. Water levels declived 2 to 10 feet during 1376 in
areas totaling & sqguare miles around these wells. Water levels
began recovering after the wells stopped pumping.

Hydrographs of observation wells show both seasonal and long-—
term fluctuations in water levels (fig. 3). Seasormal fluctuations
are caused by differences in recharge and discharge. Water levels
rise in winter and spring, when pumpage decreases and recharpge
from subsurface inflow ard infiltration of srownelt and precipi-
tationm is greater thanm discharge. Water levels gererally decline
im the summer and fall when recharge decreases and discharge by

evapotranspirat ion, pumpage, and subsurface outflow exceeds
recharge.

The water-level decline of 10 feet at aobservation well
113N57W4ADAA during 1376 was caused by increased pumpage from 3
large—capacity wells, one a municipal well, located within 0.5

mile of the observation well. The water levels rapidly recovered
5.5 feet dwring the fall after pumpinng was stopped at  the two
irrigation wells. The decline in water level in arcther well,
11ENSEWISDDED, was mainly the result of evapotrarmspiration arnd

increased pumpage during the summer,

l.erng—term changes for observation well 112NS7W4ADAA inrcluded a
decline in the arrual low water level from 11.5 feet during 1373
to 253.0 feet during 13976, This 13.5-foot decline was caused by
decreased recharpge and ivncreased pumpage during the drought of
1373-76. The trend reversed when precipitation and recharge
increased during 1377.

8]

Prairie Coteau Aguifers & and

EXTENT AND COMPOSITION

Prairie Coteau aguifers & and 3 (table 1) ocour in 22— to
SG-mile-wide irregular bards with a combined area of 160 square
miles (fig. 10). The depth to aguifer 2 locally varies greatly
but the depth to Prairie Cotean aguifer 2 gererally increases

from west to east. Depths to aguifer & vary from S3 to 168 feet
belaw larnd surface and those for aguifer 3 from 138 to 327 feet

17
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below lanmd surface (fig. 10). The aguifers are composed mostly of
fine to  very coarse, clayey sarnd and gravel deposited by many
differernt meltwater sireams. Prairie Coteau aguifer 3 does not
yvield as much as the other aguifers (table 1) because it comtains
much clay and its maximum thickness does not exceed 30 feet.

Prairie Coteau aguifer g (fig. 11) is composed of at least
three separate units, each of which carn have a thickrness that
exceeds 30 feet locally. Section C-C? shows that aguifer & is
about B0 feet thick near the middle of the section but thinms to
less than 20 feet a few miles to the east. The differerce in
altitude between adjacent units is more tham 100 feet in some
places.

WATER MOVEMENT

Movement of ground water to Prairie Coteau aguifer 2 is mostly
dowrward (fig. 11), irn the direction of decreasing hydraulic head
as determived from the altitudes of water levels in 14 wells.
Recharge moves dowrward from the land surface to Prairie Coteauw
aguifer 3 and contirnues dowrnward through the aguifer to underly-—
ing aguifers (fig. 12). Nearly—-horizovtal flow cccocurs where rela—
tively impermeable shale blocks further dowrnward flow. The direc—
tiorn of movement was determirned from water—level altitudes in 10
wells.

The domirnance of vertical aver horizontal flow (figs. i1 and
12 is due to Clark County being a recharge area for a regional
ground-water flow system. In such areas, huMchRy surface terrane
favors greater  vertical flow from surface impourndmernts dowrnward
to the permeable basal aguifers (Freeze and Witherspoon, 19e7).
However, the large vertical exaggeration of the sectiocrns inm this
report mask horizontal flow compornents that are better shown by
potentiometric maps.

Movement of water horizontally in Prairie Coteauw aguifer 2 is
in several directions but eventually some of the water moves west
o south (fig. 13); some alsao moves down to underlying aguifers.
The closed 1,700-foot comtour along the west side of the aguifer
{(T. 117 N., 118 N.) indicates that discharge ir that area is into
wnderlying aguifers. At the southwest ermd of aguifer & and iwn
aguifer 3 most of the water also moves dowrnward although there is
some horizontal flow westward into till.

Recharge to both aguifers is from infiltrating precipitation
arnd lateral inflow fram till. Arrial recharge is estimated at
11,000 acre—feet for Prairie Coteaun aguifer & and 5, 000 acre-faet
Ffor Frairie Coteau aguifer 3 (table 1).

WATER-LEVEL CHANGES

Seasomal and lovnig—term water—level charnges in wells in Prairie
Cotean aguifers & and 3 are small because there is relatively
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little pumpage from either aguifer (fig. 14). Seasonmal charnoes
were caused by a temporary irncrease in the rate of recharge
(srnowmelt) during the spring. The lower hydrograph shows effects
of pumping the well for domestic and stock rneeds duwing May and
August 1974 and November 1376, but the effects were limited to a
small area rear the well. Lorng~term charges in water levels con-—
sisted of declines aof about 1 foot in armual  water—level peaks
froom 1374 to 1976 during the 3-year drought.

Altamont Aguifer 1
EXTENT AND COMPOSITION

Altamont agquifer 1, underlying 180 sguare miles, extends 13 to
20 miles east-west arnd 12 miles rnorth—-south (fig. 18). The agui-
fer is 70 feet below land surface at its western edge and as much
as 372 feet deep on the Coteau des Prairies to the east.

The thickrness of the aguifer is variable, averaging 30 feet
and attaining a maximum of 56 feet at well 116NSBW2SDDDD.

The relatively thick west-central part =f the aguifer is
siltys, fine to coarse sand whereas the thirmmer eastern part is
mediuam T2 very coarse sand and gravel. The aguifer has a rnearly
level, gent ly—uwndulating top, changing in altitude by ro more
tharn 20 feet between test holes 3 miles apart.

WATER MOVEMENT

Recharge is by infiltrating precipitation and lateral inflow
(fig. 16). Subsequently, water flows westward through the aguifer
and discharges through seeps and flowing wells in R. S92 W. Some

water moves downward inte Altamont aguifer Z, especially in T.
116 N., R. =28 W., where aguifers 1 and 2 are conmected. The
direction of movement is based on the altitudes of water levels

in 16 wells.

The principal horizomtal component of water movement in Alta-—
mont aguifer 1 is southwestward (fig. 17). The steep gradient
rnear the southern end of the aguifer indicates either that the
aguifer is less permeable in the south or that more water is mov—
irng through the southern thanm the rnorthern end. If the latter
corndition is true, there is much recharge in the central part of
the aguifer. Such recharge could come  from Antelope Lake and
rumerous semi-permanent marshes that occuwr within a S-mile radius
of the lake.

Average arnrual recharge is estimated at 50 acre-feet per
sguare mile, oy about 3,000 acre-feet for the 180-sguare mile
area of the aguifer (table 1). Most discharge is by seepage to
underlying aguifers. Pumpage was only about 370 acre-feet during
1376.

]
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WATER-LEVEL CHRANGES

Water—level declines duriwg 137& for Altamont aguifer 1 are
showrnn  in  figure 18. The declines were caused by decreased
recharge during the drought but mostly by increased well with-
drawals. The map shows that water levels declined more thanm 10
feet in a 28-square mile area in the southwestern part of the
agui fer. This decline was caused by an estimated discharge of
430 acre—feet in 1976 from three irrigation wells and omne flowing
stock well. A table of theoretical drawdowns also is shown in
figure 18. Drawdowns carn exceed the aguifer thickress because
they are mostly within the height of the ron—pumping water level
above the top of the aguifer. The data, based on a &—-monmth recov-
ery test for the irrigation wells, show that drawdowns of 30 feet
at a distarce of 10,000 feet and 40 feet at a distance aof 5, Q00

feet carn be expected from a well pumping 1,000 gallons per mirnute
contirmously for 100 days. The map shows that drawdowns were
larger than the theoretical values east ard worth of the pumped

wells, evenr though the total pumping was at an averapge rate of
nearly 1,000 gallons per minute during a S0-day irvrigation sea-
SOV,

The differerice betweern observed and theosretical drawdowns
probably was due to the relatively impermeable till of the agui-
fer boundaries, resulting in an increase in  drawdown eastward
from the pumping wells, Drawdowns will be greatest where rnew
wealls are located rear aquifer boundaries. However, the drawdowr
could be smaller tharn amticipated if recharge irncreases greatly
after the drought.

There is a possibility of partly dewatering an aguifer close
to a pumping well. The table of theoretical drawdown (fig. 13)
irndicates a drawdown of 109 feet at a distarnce of 100 feet from
the pumping well after 1 year of pumping at the rate of 1,000
gallons per mivate. However, significant dewatering wounld not
extend more than a few hundred feet from the pumping well, partly
because the rate arnd magnitude of water—-level declines decrease
greatly as artesian conditions become water—table conditions in
large areas of the aqguifer.

Seasornal fluctuations of the water level in observation well
113NS8WEDDDD (hydrograph A, fig. 13) are characterized by a sharp
declire during late spring whern irrigation starts, and a rapid
recovery of the water level durirng the fall. During 1376, the
water—level declirne was about S3Z feet in well 1 1SNSBWEDDDD,
loecated about 2, 000 feet rortheast of ore irrigation well and
44, 000 feet rzvrth of two other irrigation wells (fig. 18). The
water—level decline in well 115NS8W=1DDCD, located about 2 miles
southeast of the irrigation wells, was only aboumt 2 feet (hydro-—
graph B, fig. 13).

Lomg—~term water—level charges comsisted of a gradual declive
ir the armrmual highest water-level during 12975-77, totaling abount
B feet in well 113NS8WEDDDD. This trend was consistent with the
inereased pumpage and decreased recharge duaring the 1973-76

30
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drought. Apparently a graduaal reversal of this trend began during
1378, whern precipitation and recharge increased.

Altamont Aguifer 2
EXTENT AND COMPOSITION

Altamont aguifer 2 underlies 630 sguare miles amd extends
through most of the rorthern one-half of the counmty (fig. Z0) .
Depths to the aguifer rarnge from about 10 feet in the west to
between ZI00 and 480 feet on the Coteau des Prairies. Structur-
ally, the tap of the aguifer is pently—-undulating, gererally
charging in altitude less tham I0 feet between test holes 3 miles
apart. The aquifer decreases in altitude scouthward in the rorth-
errn part of the county. Iri its central and southermmost parts,
the aguifer slopes gernerally eastward.

Altamont aguifer 2 consists of fine to very coarse sand and
gravel and sandy silt. The entire thickrness of the aguifer is
given by the lower rumber beside each well or test hole (fig.
20). The sand and gravel part has an average thickrness of about
20 feet arnd a maximum thickrmess of 121 feet in test hole
11 BNIEWBAAAA. The thickest sand and gravel occurs in outwash
charmels that may be at least 1 mile wide. The material iwn char-
rels in T. 118 N., R. 96 W. and T. 118 N., R. 57 W. has been
deposited respectively from southwestward- and westward-flowing
meltwater streams. The clasing of  the southwest-trending
SO—foot-thickness lines in T. 117 N., R. 57 W. indicates that any
outwash deposits of similar thickress to the southwest were
removed by glacial scour or meltwater erosion. A similar explana-—

tion may account for the termination of the thick charmel deposit
in the southeast part of T. 114 N., R. 58 W.

Ivn many areas of the rortheastern part of the county, ocutside
of the outwash charmel deposits, the aguifer is composed prima—
rily of gravelly $ill or fine, silty sand. The sand, which
appears to be outwash (Christersen, in preparation), has an aver-
age thickness of about 80 feet. The maximum thickrness of the
aguifer is 1533 feet in well 113NSEWIBCCCC (fig. =0) . The drill-
er's log at this site deseribed the aguifer as a 1light gray,
sandy silt so there probably is ro more than 25 feet of sand beds
in the entire thickress.

WATER MOVEMENT

Recharge is by infiltratiorn of precipitation and lateral
inflow (fig. 21). Subgsequent movement of water in the aguifer is

nearly horizontal because the underlying shale is relatively
impermeable. The movement is determined from water—-level alti-
tudes in 17 wells. Large differernces of water—level altitudes

for several adjacent wells completed in the aguifer indicated
that mueh of the movement is southward from the plare of the

0]
18]
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sectior. The aguifer is hydraulically cormmected with Altamonmt
aguifer 1 rnear the center of the county (fig. 1e) and with Alta-
movt aguifer 2 in the western part of the county (fig. &7).

Water moves in several directions in the rnortheastern part of
Altamont aguifer 2 but inm gereral the flow is westward (fig. Z2).
Some water moves westward into Spink County and some southwest-—
ward irnto Beadle County.

The potentiometric swrface, as mapped, has a low point 1,535
feet above the National Geodetic Vertical datum (mean sea level)
at well 118NS7WISBBAA, which is 414 feet deep. The water level in
the well is about 200 feet below land surface as reported both by
the owrer arnd the well driller. This low point ocours within an
irnferred deep, rnarrow trough in  the potentiometriec surface that
coincides with a 30-foot thick, very permeable charmel of cutwash
deposits (fig. 20) . The inferred trough has not beern completely
mapped because the water—level data are inadeqguate.

Recharge is estimated to be about 80 acre—~feet per sguare
mile, totaling about 5S4, 000 acre—-feet arvmmally for the &630-square
mile area of aguifer 2 (table 1) and the additiornal 40 sguare
miles underlain only by aguifer 3.

Discharpge is by pumpage and by wunderflow cut of the county.
Pumpage from irrigation wells was estimated to total 1,230 acre-
feet duwring 1376, about 2 percent of the total discharge. Abot
53,000 acre~feet probably moves westward arnrially from the county
where it discharges by evapoiranspiration and streamflow in large
areas of Spink County.

TRANSMISSIVITY AND WELL YIELDS

Although potential well yields may be estimated directly from
the thickness of saturated sand amd gravel in an aguifer, it is
difficnlt to estimate the amount of drawdown that will occour near
a pumping well or the area that the well will affect without
kriowing the trarnsmissivity of the aguifer.

The estimated tranmsmissivity of Altamont aguifer & is 50, 000
(gallorns per day) per foot or more  in about 200 sguare miles of
Clark County (fig. 23). In these areas, the thickness of sand and
gravel exceeds 25 feet and a well having a potential yield =2f 500
gallorns per minute can be cownstructed.

The map showing the estimated trarnsmissivity of the aguifer
was constructed by multiplying the thickrmess of wvarious aguifer
units by an estimated wvalue of hydraulic conductivity for the
aguifer material. Values assigred are 1in agreement with those
cbhtained in laboratory tests. (See Wernzel, 134z, (=18 13.) Fior
example the computations for test hole 113NSSWIZAEBDE, pernetrating
Altamont aguifers 2 and 3, are as follows:
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Estimated

hydraulic Estimated
conductivity transmissivity
(gallon per day Thickness (gallon per
Rock Unit per_square_ foot) __(feot) __  day per_foot) _
Sarnd, fine 100 8 BOO
Sarnd, fine, and
gravel 300 10 3, 000
Sand, coarse, and
gravel 5, Q00 30 150, 000
Sard, coarse to
madium, and
gravel 2y 000 10 =0, D00
Sarnd, coarse to
medium 1,000 S0 30, 000
TOTAL as =03, 800

The estimated trarnsmissivity of about 204,000 (gallons per day)
per foot agrees closely with the transmissivity calculated from
the drawdowrn of water level near the irrigation well at this
site.

WATER-LEVEL. CHANGES

Water levels for Altamont agquifer & declired more thanm 10 feet
during 13976 at three locations with a total area of 18 sguare
miles (fig. &4). These temporary water—level declines were partly
caused by decreasing recharge duaring the drought but mostly by
increased irrigation pumpapge. Pumpage from six irrigation wells
totaled an estimated 1, 130 acre-feet during 13276,

1 table of theoretical drawdowns (fig. &4), based on a &-month
recovery test for arn ivrrigation well, shows that drawdowns of 19
feet at a distance of 10,000 feet and 24 feet at a distance of
S, 000 Teet can be expected from a well pumping 1,000 gallons per
mirmte comtinuously for 100 days. Generally, drawdowns are within
the height that the norn-pumping water level is abaove the aguifer.
The map shows that drawdowns were much smaller than predicted by
the table, possibly because of increased recharge induced by the
PLIMPirig. Algo, irn many areas the tramsmissivity, which is
inversely proportional to  drawdowrn, iz much larger than 28, 000
(gallonms per day) per foot.
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There is a possibility of partly dewatering an aguifer close
to a pumpivig well. The drawdowrnt table indicates a drawdown of as
much as &1 feet at a distarce of 100 feet fram the pumping well
after 1 year of pumpivng at the rate of 1,000 gallons per minute.
However, significant dewatering would riot extend more than a few
hurndred feet from the pumpivng well, especially where the aguifer
can be expected to charnge from artesian to water—table condi-
tions.

The maximum seasornial water—level fluctuation for five ocbserva-
tiorn wells completed in Altamont aquifer 2 was 27 feet during
1977 in well 11ENS3W27CCCC (hydrograph C, fig. 25, located
within 1 mile of an irrigation well. Drawdowrn inm the observation
well was larger during 1977 than in the previous 2 years because
of increased pumpirg during the drought. Water levels in wells
11ENS8WEDAAD and 114NSB8W3AAAA (hydrographs D and E, fig. 25) also
declirned during the summer of 19876, probably due to irncreased
pumpage from irrigation wells. The seasornal declinme was 7 feet in
well 11ENSBWB8DAAD and 1.5 feet in well 114NSB8WIAAAA even though
bzth wells were about & miles from the rearest irrigation well.
Part of the differernce in the amount of declirne probably was due
to increased pumping from the former well for domestic and live-
stock water. The 1—-foot seasornal drawdown for well 116NS6W13AARAD
(hydrograph A, fig. Z5) probably was due to irncreased pumping of
the well duwing the summer for domestic rneeds and to increased
pumping of the munmicipal wells at Herry, 1.5 miles away.

Long—term water—level charges comnsisted of a gradual decline
irn the armual peaks during 1974-73 because of reduced recharge
and increased pumpage duwring the drought. The greatest long-term
decline was about 7 feet in well 11ENSBWE8DAAD, but the trend
appears to have been reversed during 1378-73 as precipitation and
recharge irncreased while use of the well probably decreased. The
fact that the downward trend in wells 11ENS3Wz7CCCC and
114NSBWIAAAA comtirnued durinwg 1978-73 indicates that irrigation
pumpage continued to increase.

Altamont Agquifer 3
EXTENT AND COMPOSITION

Altamont aguifer 3 underlies 210 sguare miles within a broad,
branching valley, 1 to & miles wide (fig. Z6), ercoded into shale
bedrock by preglacial and glacial streams. The aguifer consists
of outwash sanmd and gravel deposited in charmels a few hundred
feet to as much as 1 mile wide. The widest channels cceowr in the
western part of the county. Gravelly till and alluvial deposits
of fine, clayey, sarnd and silt comprise much of the aguifer in
the eastern arne-half of the county.

The top of the aguifer is an undulating surface that can
charnge as much as 111 feet in altitude within 1 mile. The top of

the aguifer bensath the city of Clark rarnges in depth from 474 to
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Figure 25. Hydrographs showing water-level changes, Altamont aquifer 2.
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585 feet below land surface. The depth decreases rapidly westward
to a mivamum of about 70 feet inm R. 93 W. becaunse of the decrsas-—
irg altitude of the lanmd surface.

The average thickriess of agquifer 3 is 30 feet and the maximum
thickriess is 60 feet irn well 113NS3WIIDCAA, where there is about
40 feet of sand arnd gravel of Altamont agquifer 2 overlyirng agui-
fer 3.

WATER MOVEMENT

Recharge is by inmfiltrating precipitation and lateral inflow
(fig. 27). The directicon of water movement is determined from
water—level altitudes in 23 wells. Water moves westward rearly
horizonmtally through aguifer 3 to where the aguifer econtacts
aguifer & and discharges some water upward ints aguifer 2. A
potentiometric map was not drawn for this aguifer because water—
level data are sparse. The potentiometric surface in the western
ornie—half of the agquifer is rnearly the same as that for AlLamont
aqui fer Z.

Recharge is included with that foor aguifer & (table 1). Dis—
charge pgererally equals recharge and is moastly by underflow west-—
ward from the county.

WATER-LEVEL CHANBES

Water—-level declires during 1376 for Altamont aguifer & (fig.
=8) were caused by decreased recharge during the drought and

irncreased pumpage from large—-capacity wells. The map shows that
water levels declirned more than 10 feet at three locations total-
irg 16 sguare miles. The declive at the rorthern location was

caused by pumpage from the overlying Altamont aguifer =2 The:
declirne at the other locations was caused by pumpage of 146 aocre-
feet from an irrigation well in T. 115 N., R. 97 W. and 100
acre—feet from anm industrial well at Clark dwing 137&6. The large
decline of &3 feet at the irrigation well (115NS3W7DCAAY irmdi-—
cates that the aguifer did riot receive much recharge, probably
because overlying and adjacent till deposits are clayey and rela-—
tively impermeables. Although the aguifer was rot  dewatered at
this site, the larpge drawdown resulted in a large reducticon in
the yield of the well. A table of theoretical drawdowns in figuwre
=8, based on a S-month drawdown test at Clark, shows that draw-
downs of 17 feet at a distanmce of 10,000 feet and 8% feet at a
distance of 35,000 feet canm be expected from a well pumping 100
gallons per mirwte continuously for 1 year. Drawdowns can exceed
the aguifer thickrness because they are mostly conmfined within the
height of the riorn—-pumping water level above the top of fhe agui-
fer.

Drawdown is proportional to the rate of pumping, hernce, gach
drawdown value in the table would be 10 times larger 1f the
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0 M”éES 12 Table -~ Theoretical drawdown, in feet, at various distances from a
1 1 1 well pumping continuously at 100 gallons per minute from Altamont
r T ——) aquifer 3; at Clark, South Dakota (116N57W6DCDD). Transmissivity
0 10 20 = 2,000 gallons per day per foor; storuge coefficient = 0.0001.
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pumping rate were 1,000 instead of 100 gallons per minute.

The map shows that actual drawdowrns were much smaller than
those shown at  corvresponding distances ivn the table because the
well at Clark was pumped intermittently only for S5 months during
13276. Drawdowris inm other areas were much smaller thanm those indi-
cated by the table everi though discharge was much larger. This is
because the trarsmissivity aof the aguifer at those sites is much
larger tharn at Clark.

Seasonal charges in water levels for two deep observation
wells completed in Altamont aguifer 3 (hydrographs B arnd C, fig.
22) consisted of a steady declivre of 7 to 16 feet during the
fall, winter, and spring due to pumping of the irnmdustrial well at
Clark. This was followed by recovery during the summer whern pun-—

page was reduced greatly. The lomg-term  trend at well
11eN58W1 1AADEZ shows a 33~foot declime in  the arrmual highest
water level durirng 1374-793, because of irncreased pumpape. The

dowrnward trernd probably will comtirue as lowng as  pumpage in the
Clark area increases.

Seasorial charnges of water levels in well 117NS3W7BEBCC showrn by
hydrograph A (fig. 29) for 1360-73 gererally consisted of a sharp
decline in water level during the summer as a result of decreased
recharpge and irncreased pumpage from irrigation wells. Duwrirng the
spring there was a sharp rise in water level due to increased
recharge in movre than one-half of the 17 years of record. There
was only a small spring—time rise of 1 foot or less duwring the
other years whern recharpe was less tharn normal. The declivre of
about & feet duriwmg the summer of 1377 was the largest of record
because of riew irrigation wells completed withirm 2 miles of the
well.

The 1lomg—-term trend of water levels in well 117NS3W7RBECT
includes a gradual decline in the arnrnual high water level during
12972-77. This was due to a temporary decrease in yecharge and an
increase in pumpage for irvrigation during the drought. This trend
probably will contirnue as lovng as pumpage increases.

Externt and Composition

The Dakota Formation of Cretacecus age is the only krnown bed-
rochk agquifer in Clark County. It is buried bemeath glacial depos-—-
its arnd about 800 feet of relatively impermeable shale of Creta-—

ceous age and overlies wmearly impermeable granite or othee
crystallive '"basement'" rock of Precambrian age. The aguifer
underlies the entire county except pogssibly at a few locations
where wells have reportedly peretrated only hard, dense rock.

This rock may be either cemernted sardstorne o basemernt rock, baoth
of whiech probably are rnearly impermeable in this area.
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Depths to the top of the formatiom rnear the westerv edpoe of
the cournty rawrmge from 300 feet in the south to 1, 100 feet in the
riovrth. To the east, on the Coteaw des Prairies, depths to the top
of the formationm range from 1,200 feet in the south to 1, 400 feet
im the north.

The formation ranges iw thickness from O to 200 feet and is
composed of finme—-grained, silty, sandstone and sandy shale. A
yield of as much as S0 gallonms per minute can be obtained from a
properly—constructed well. Storage of water in the aguifer prob-

-

ably exceeds 2 milliorn acre—feet in Clark County.

Water Movemernt

Ground water moves westward through the Dakota Formation in
mast of the county and southwestward inm the southernw part of the
county (fig. Z20). The trend of the 1,500 and 1,530-foot corntours
to the southeast away from the 1, 450~foot contowr is probably the
result of large local withdrawals of water. It appears that =a
water—-level decline of about 50 feet has beern caused by withdraw-—
als through several dozen stock wells located ivn T. 112 N., R. 57
ard 28 W., and in townships just south of the county lirne.

Water moving through the formatiow in Clark County is esti-
mated to total 7,000 acre-feet per year, based on arn estimated
transmissivity of 5,000 (gallons per day) per foot and the gradi-
ents indicated by the contours in figure 30, Fovymation recharaoe
is by subswurface inflow from the easty discharge is by subsurface
outflow to the west and southwest and through wells. Discharge
from the formation by about 50 wells in Clark County is estimated
to average about 55 acre-feet per year.

Water—Level Charges

The potentiometric surface for the Dakota Formation was at an
altitude of about 1,630 feet iwm Clark County during 1309 (Schoon,
13971, fig. 135) and has decreased in altitude by about 150 feet
sirnce then. This was caused mainly by large withdrawals from the
formation by thousands of flowing wells inm the James Basirn to the
west of the study area (Hopkins anmd Petri, 13963, P TZ29) . The
rate of decline of artesiarn presswre has decreased greatly inm
recent decades because the flow of most wells inm the basin has
decreased greatly (Koch and Bradford, 1976, p. 36). Nome of the
wells completed in the formation in Clark Counmty are flowiwng.

The water level in well 113N3I3W3SCCCA (fig. 31) completed in
the Dakota Formation declirned 14 feet during 13860-78, a rate of
about 0.8 foot per year. The water level in well 114N33W17DDCEC
declined about S feet during 1360-68 but has subseqguerntly Fluctu-—
ated as much as 44 feet. These fluctuations are not representa-—
tive of water—level changes irn the formation but probably are
caused by well—-casing detericorationm, which allows leakape into
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the well from formations containing water under greater pressure.
Initiation of leakage carnm raise the water level inm the well; it
is believed, however, that subsequert slumping of muddy shale may
seal off breaks in the casing amd thus permit the water level to
decline to its rnormal level.

Based on the record forr well 119NS3WICCCA, it appears that
water levels for the Dakota Formationm will continue to decline
slowly, thereby increasivng the gradient of the poterntiometric
surface until irncreasing recharge balarnces discharge.

WATER QUALITY

Most of the surface water and ground water in Clark County
contains more tharn 1,000 milligrams per liter of dissolved sol-
ids. Calcium, magrnesium, scodium, bicarbornate, and sulfate consti-
tute 80 to 90 percent by weight of the dissclved comstituents.
Common comstituents and properties of water from lakes and majgor
aguifers inm the county are listed inm table 2.

Lakes

Arialyses 1 and 2 in table & are of samples from two fresh-wa-—
ter lakes inm the southern part of the county, and analyses 3 and
4 are of samples from two salirne—-water lakes in the rorthern part
of the county. Saline—water lakes contain water havirng dissolved-—
sxlids corcentrations exceeding 1,000 milligrams per liter. These
lakes are in basins deeper than 15 feet and seldom overflow into
arr adjacent basin. Comsequently, the inflow of disscolved solids
from surface- arnd ground-water discharge 1s corncentrated by eva-
poration.

The fresh-water lakes are inm shallow basins, and dissolved
solids are partly flushed cut at infreguent intervals when the
lakes overflow intoc adjacent basins.

The predominant chemical conmstituernts in water from the fresh-
water lakes are calecium, magresium, sodium, and bicarborate. Pre-
domirnant comstituents for salire lakes are mapgrnesium, sodiuwm, arnd
sulfate. Dissolved—-solids cormcermtration and total (calcium—-mag-—
rnesiumd hardrmess was about 10 times greater in samples from
salirne lakes tharm in samples from fresh-water lakes. The urusu—
ally large dissolved-—-iron corncentration of 1,400 wmicrograms per
liter for Cherry Lake indicates local grournd-water inflow and
probably is wot typical of  irvorn corcentrationms in other lakes.
Dther tabulations of lake—water guality (State Lakes Preservation
Committee, 13977, p. 188) imdicate that some lakes in the courty
have disswolved—-solids corncentrations that are intermediate
betweeri the extremes showrn by aralyses for the four lakes listed
in table Z2.
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TABLE 2

REPRESENTATIVE CHEMICAL ANALYSIS OF SURFACE AND GROUND WATER

Hardness 3 -
Dissolved | as CaCoy| & 'g N
= = | Solids (mg/l) | (mgL) 2 5 =y e 2
= = s = ) = =
— % _ E = = E = £
= = E 3 N 5 = @ @
$ 2 % - 3 %3 3 % 3 2t o ¢
s = 3 L 2 g E R o3 ogoz 2. £ s 8 § £ s
H T P - £ F £ F E g4 E E PE zle 128 &% =z % 2 © 2
2 - = 4 = S = s £ o2 & = . = s |l2= 518 % 8 4 B £ 5 g =
S= S 3 3 < E =2 2 e 282 2 = s £ S5|2E sil= & e = = R
3 °%Z g2 S & T = £ e § £ & T T + |8 S2I|85 3|« __ xr ¥ 5 B B s =
o =5 L & £ E 3 E 2 £ & @ S 2 o |3 gEiI=g £1lg 8% T 2 = ¢ 25 5 =
g :5 2 : £ 2 5% 2 i §2 = 3 T E|Z 2i|z5:|l2%s 3 E 5§ 3 3¢ B =
=3 = = a = = = = = @ =T = = = N -
2 82 % £ 2 & 2 3 £ £33 & 2|8 £f|es /335 = & & & d= & E
LAKES
Cherry Lake
1. 113N56W35CBCC 1149774 3% 1,400 0 80 30 29 8 324 0 80 21 01 015 457 —— 270 8 08 750 266 16 160 0J2 009 60 80
Willow Lake
2. 114N5TW26ABCC 11407-74 80 T 61 38 319 120 30 2 0l 608 — 380 2 14 1,000 375 24 180 57 43 6.0 93
Reid Lake
3. 118NSTW18DABB 110774 13 0 60 160 950 930 160 655 50 6,600 280 0 01 9530 — 4300 3,700 66 8500 620 32 210 I 06 8.8
Swan Lake
4. 119N56W 3DABA 110774 15 7m0 150 530 480 110 459 13 3,000 130 .0 .01 4,660 —— 2600 2200 41 6250 398 28 1,100 22 16 100 84
GROUND WATER - PRAIRIE COTEAU AQUIFERS
AQUIFER 1
38-foot well
5. 113NSTW26CADD 041476 - — - 110 52 12 80 322 0 52 4.0 - - 399 —_— 490 230 0.2 9%0 264 5 71
19-foot well
6. 114NSTWHCCCC 053174 23 350 430 84 2 8.3 46 305 - 100 67 00 13 423 427 30 92 2 685 250 5 40 0.03 100 76
31-foot well
7. 116N57W 6CCDC 06-12-74 2300 920 190 49 76 523 - 370 48 6 .07 1,020 1,050 750 320 .8 1460 429 12 240 16 110 70
50-foot well
3. 116N57W30BCCB2  08-11-76 1,600 390 110 12 48 367 0 130 8.0 2020 514 — 430 130 .3 850 301 6 70 002 95 76
56-foot well
9. LI7NS8WI3DBBB 042876 -  — — 180 24 12 49 - 30 50 — — 88 -— 700 340 3 LISO 360 6 - - - - 73
AQUIFER 2
150-foot well
10. 116N58W27ADAD 081076 30 6,300 1,100 200 &0 260 15 437 0 890 83 03 000 16% —_ 750 3% 4.1 2,700 358 43 L1000 020 95 75
170-foot weil
11, 117NSTWISBACD 072276 27 550 1,700 200 41 110 94 35 0 B0 3.0 4 01 1,180 — 670 400 19 1,750 267 26 1,100 0 -~ 95 78
110-foot well
12, 119NSTW27ADDA  11-1776 29 110 2,600 280 81 57 138 0 830 14 3 84 1,500 — 1,000 70 8 1730 36 11 «0 00 - 90 72
AQUIFER 3
260-foot well
13, 114N57W 7DDCBZ 061074 29 200 3900 220 140 13 220 - 810 18 02 000 1400 _ (] 590 2.2 1850 180 28 580 003 004 100 78
270-foot well
14, 14NSTWI3DAABR 11237 13 370 4800 370 140 14301 - 1300 28 3 2,130 — 1300 1,100 L7 2,350 247 18 820 0 -~ 90 73
GROUND WATER - ALTAMONT AQUIFERS
AQUIFER 1
322-foot weil
15 115NS7TW15BCBC 10-3¢-75 26 0 970 200 120 210 20 330 0 1,100 40 02 14 139 — 1,000 730 29 2820 271 31 800 0.00 — L5 T2
139-foot weil
16, 115N58W 7DDAA 071676 28 90 1,800 330 130 210 21 386 0 1400 31 3 .63 2350 — L400 1,000 25 2900 317 25 870 03 90 75
208-foot well
17. 115N58W21DDCD  06-12-74 29 430 4,200 240 61 130 oz - 880 11 3 .01 1,500 — 850 620 1.9 1910 228 25 470 07 005 110 72
325-foot well
18. [I6NSTW20BCCD  06-12-74 30 20,000 2,800 420 140 140 14 456 1,500 12 2 2500 - 1,600 1300 L5 2860 374 16 810 03 03 120 73
311-foot well
19. 116NS8W3I3AABA 06-1875 28 6% 7,700 270 120 260 19 406 0 1,300 41 5 2,250 - 1,200 840 33 2950 333 32 1100 01 - 7.0
AQUIFER 2
186-foot well
20. 114N58W26CCCD  05-1975 32 3.800 1,700 250 93 190 19 37 0 1100 25 03 005 1500 — 1,000 700 26 2550 309 29 1,000 000 1.0 76
115-foot well
21, LI6NSIW3SCACC 071576 27 550 2,400 180 61 170 10 41 0 710 26 3 08 1390 700 370 28 2000 337 700 .06 85 4
500-foot well
22. 117NS6W 8ACDD 053074 32 150 240 130 78 360 10 389 1,000 52 q0023 1860 - 650 330 6.2 2500 319 54 1400 006 120 738
212-foot well
23. 117N59WI13BACA 052275 29 4200 350 200 57 69 96 391 O 580 6.1 4 01 1,150 1240 740 420 L1 1630 32 7 370 06 1o 73
358-foot well .
24. 118NSTW10AAADZ 07-16-76 23 8,200 2,300 260 74 52 10 487 0 3560 43 2 46 1260 -— 960 560 .7 1,80 39 10 400 07 95 72
108-foot well
25. [I9NSIWI2ABDA  07-1576 28 1,200 630 93 3 17 43 3 0 140 27 2.3 469 - 360 110 4 780 4% 9 120 04 90 77
AQUIFER 3
550-foot well
2. 116NS6WITAADD  06-12-74 34 1400 210 120 41 620 80 430 - 1300 80 0.2 000 2420 — 470 120 12 3370 353 74 L2000 031 015 15 79
506-foot well
27. 116N57W 6DCAD 11-2376 26 1400 150 9% 33 760 98 64 0 LI00 190 2 47 2,550 2670 360 0 17 3300 528 82 1500 18 110 76
109-foot well
28. 117N59W 7BBCC 071073 - 60 - 100 26 500 14 366 1,400 8 e e 370 70 13 3010 00 7 75
GROUND WATER - DAKOTA FORMATION
960-foot well
29. 114N59W2LBBCB 06-10-74 9 0 W0 77 3l 860 S8 436 kY 370 44 000 2460 2460 32 0 6 3750 358 98 3.600 0.05 140 339
1,100-foot well
30. 117N59W28CBCA 05-3074 10 80 30 71 2.0 760 88 474 2 1,000 20 55 .08 229 26 0 65 3360 392 98 4,000 .06 180 85
R ded level for drinking water (U.S. Environmental Protection Agency, 1977) is:  Fluoride - 2.2 mg/L (for annual average maximum daily air temperature of 13 degrees C}
Nitrate - 10 mg/L mg/L = milligrams per fster
wglL = micrograms per liter
C = degress Celsius




Prairie Coteau Aguifers

Concentrations of dissolved solids in water from  the Prairie
Coteau aguifers commonly exceed 1,000 milligrams per liter (table
. Comecentrations of most chemical comstituents vary greatly,
bmth betweerr aqguifers and locally withinm am aguifer (table ).
Water from aguifer 1 had the smallest cormcentration of dissolved
solids of any ground water in the county but locally cornmcentra-—
tions exceeded 1,000 milligrams per liter, as at Clark (arnalysis
7y table &). Cornecentrations of almost all of the constituents for
aralysis 7 are larger than for any of the ather four arnalyses
from aquifer 1, indicating corncentration through evapotrarnspira-
tion rather than by contamiwmation. Arnalysis 7 is from a murnicipal
well in a park where the water table is shallow. Salts, which are
precipitated in the s2il whern the well is pumped to irrigate the
park, probably are redissoclved and returrned to the aguifer during
spring recharge.

Water from Prairie Coteau aguifers & and 3 had much larper
concentrations of dissolved solids thanm water from aguifer 1
because aquifers & and 3 are deeper and recharge water has a
lornper residence time in the system ard thus more salts are dis-—
salved from till overlying the aguifers.

The following table summarizes gquality-of-water data for the
Prairie Coteau aquifers.

Prairie Coricentrations of Hardress
Coteau Water dissolved solids (milligrams
agquifers type (milligrams per_liter) -per_liter)
Average Range Average Rarge
1 Calecium €00 270-2, 000 500 130-1, 400
bicarbo-—
nate or
calciuam
bicarbo~—
rnate sul-
fate
z2 Sodium 1,300 750-2, 200 300 GZ0O—1, BOO
calcium
sulfate
3 Caleium 1,800 1, 400~-2, 300 1, 100 770-1, 800
sulfate

Altamont Agquifers

Most water from the Altamont  aquifers had corncentrations of
dissolved swolids exceeding 1,000 milligrams per liter (table &).
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Mueh of the chanmge in compositiorn of the water, as 1t flows
between the Altamont aquifers, is due to base excharnge on clay
minerals, sodium  replacing calecium and magresium  in solution.
The Altamont aguifer 3 appears to contain abundamt clay mirnerals,
herice the water tends to have larger comcentrations of sadium and
lesg hardrness than water from the ather Altamont agui fers. Other
chemical reactiorns such as solution of irorm, mangarnese, and boron
in rocks appear to vary greatly, both areally and with depth, and
cause large differernces in their corcerntrations in the water.

The following table summarizes guality-of-water data for the
Altamort aguifers.

Concentrations of Hardriess
Rltamont Water dissolved sclids (milligrams
aguifers type (milligrams_per_liter) —per_liter)
Average Rarige Average Rarige
1 Calecium z, 000 1,3500-g, 300 1,100 850~1, 800
sulfate
F=5 Sodium i, 700 780~3, 28C 800 400-1, 6500
sulfate
or cal-—
cium mag-
rniesium
sul fate
3 Sodium i, 300 £00~2, SO0 SO0 250~1, 100
sulfate
oy cal—-
cium sul-~
fate

Bedrock Aguifer

Water from the Dakota Formationm had the largest corncentrations
of dissolved solids but the hardress was less tharn one—tenth of

that for water from most of the other aguifers (table ). Bage~—
excharnge processes soften the water duwring the extremely long
time the water has been in the formatiorn. The water is of the

sadium sulfate type. Considering all available data, concentra-
tioms of dissolved solids average £,500 milligrams per liter and
range from 2,200 to 3,300 milligrams per liter; hardress averanes
50 milligrams per liter and rarnges from 13 to 200 milligrams per
liter.
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Mivior o trace constituents that usuwally are rot incluaded iw
starndard chemical analyses of water samples are listed in table
3. The corncentrations listed iw the table are all less thanm the
"maximum contaminant level'" established by the U.3. Envirormental
Protection Agency (1977) for drinking water with the exception of
fluoride, which was exceeded in water from the Dakota Formation
(table 2).

The source of most of these mirnor and trace constituents prob-
ably is shale. Because the placial outwash contains shale frap-
merts arnd the Dakota Formation has shale beds, it is to  be
expected that any of these comstituents can be found in  any of
these aquifers at approximately the corncentrations showrn in table
Ze The abserce of these constituents ivn some samples probably is
irnsignificant.

There is little evidence to indicate that the guality of water
is changirng in the aguifers. However, if increased pumparge
induces more recharge from adjacent aguifers, till, or shale bed-
rock, the quality of water in the pumped aguifer could charnge
gradually to that of the recharge sources. Furthermore, if irri-
gation increases the corncentratiorn of salts in soils, everntually
these salts could be trarmsported with recharge water and conld
add to the dissolved-solids corcentrations in the uwnderlying
aguifers,

Suitability of the Water for Varicus Uses

The suitability of water for irrigation use 1is determined by
its corcentration of dissolved solids, sodiuam, bicarbovate, and
boronrn. Most water in the Prairie Coteaun and Altamont aguifers and
in fresh-water lakes has a low sodium hazard but & high t2 very
high salinity hazard if used for irvrigation (fig. 32 . Use of
water with a high salinity hazard for irrigating poorly-drained
souils can damage the soil structure. Even with adeguate drainape,
special marnagement for salinity control may be required. Water
from the Dakota Formation has such a high sodium  hazard that it
camriot be plotted in figure 2.

Boron in trace concentratiorms is esserntial to plant grawth,
but where it is present in  irrigation water in concentrations of
move thanm about 1,000 micrograms per liter (table &) it can be

toxic to many types of fruit anmd vepetable crops.

Although most of the ground water inm Clark County is slightly
saline it is uwsed for humarnn and livestock consumpt ioon. The water
may reguire treatment for many uses ir order to reduce excessive
concentrations of irom or manganese, and hardrness. Concentrations
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TABLE 3 MINOR AND TRACE-ELEMENT ANALYSES OF SURFACE
AND GROUND WATER
= -
—_ = =
e 2 B EP_ o o= 3 S = 3 g
— -y = - sy — —— sy - —_— Bt —— =
g ® ¥ g2 IT58: s 8 ;3%
<} s 9 £ T s 5 35 5§ 1 2= £ e 5 <2 F &
3 = & g ESe s EE2E g £ T g = 3
2 g E 2 E2 g 2= 2 8§ ¢ E 2 3T 0=
= $ 2 E ¢o® a5 > ¢ 8 &8 = T E = § FB E
2 g2 § 3 £E2 8 3822258 £ 82 £ 3% 8
3 < 8 S S8 X =22 55 & R < S & =2 a4
LAKES
Cherry Lake
1. 113N56W35CBCC - (1) ~ - 260 60 60 -
Willow Lake
2. 114N57W26ABCC 28 - <1 . 7 - - 330 20 50 110 -
Reid Lake
3. 118N57W18DABB ¥ — <1l 0 2 2 7 34 - - 96 670 50 40 1,100 - --
Swan Lake
4. 119N56W 3DABA - <100 - -~ - - 3 -~ -~ 1,100 80 850
GROUND WATER - PRAIRIE COTEAU AQUIFERS
AQUIFER 1
19-foot well
5. 114N57W34CCCC 2 100 1 0 0 0 9 3 2 000 220 140 0 200 4 0.00 0.1
31-foot well
6. 116N57W 6CCDC 4 100 1 0 3 0 2 2 12 0 38 480 30 0 60 0 .01 3
GROUND WATER - ALTAMONT AQUIFERS
AQUIFER 2
500-foot well
7. 117N56W 8ACDD 0 0 1 0 1 0 5 12 7 003 1600 50 0O 130 0 0.20 04
212-foot well
8. 117N59W13BACA 1 0 0 0 0 0 0 2 0 0 .0 1,500 30 10 120 0 .10 .2
AQUIFER 3
506-foot well
9. 116N57W 6DCAD 0 0 0 10 1 1 6 0 5 009 1,200 0 10 120 0 003 13
GROUND WATER - DAKOTA FORMATION
960-foot well
10. 114N59W21BBCB 0 0 1 0 1 1 5 18 9 0 6.2 340 0 0 200 0 0.14 2.3
1,100-foot well
11. 117N59W28CBCA 0 100 1 0 1 0 3 5 7 0 22 270 40 O 120 0 .22 6
Recommended max-
imum tontaminant
level for drinking
water by U.S. En-
vironmental Protection
Agency (1977) 50 1,000 10 50 - - 50 -~ 50 - - e e 10 -

ug/. = micrograms per liter
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of dvrarn in excess of 00 micragrams per liter and marnpgarnese in
excess of 50 micrograms per liter (table &) carn cause umsightly
turbiditys stairivmg of plumbing fixtures, uternsils and laundrys
and clogging of well openings with mineral scale. Treatmenrnt of
water by aeration, filtration, amd finally by chemical treatment,
if rnecessary, carn make the water acceptable for most uses. Water
from the Dakota Formation is suitable for many domestic  and
industrial uses because the water gererally is soft and contains
little dissoclved iron and marigariese. The water contains fluoride
irnn corncentrations that exceed the maximum contaminant level
(table 2) and may cause mottling of childrer®s teeth.

Surface water 1is unsuitable for drinking-water supplies
because of the need for treatment. Many farms have cisterns to
collect rainwater for laundry use.

WATER BUDGET
The balarnce betweern the averape anrnual amounts of water coming
ivito and going out of Clark County is the water budget (table 4).
Precipitation and evapotranspiration are the domirnant budget
items.

Acre—feet (inches)

Water in -

Precipitation 1,133,000 (21.7)
Grouwnd-water inflow 7,000 ( .1)
TOTAL 1,140,000 (2i.8)

Water out -

Evapotranspiration 1,047,000 (20.0)
Pumpage S, OO0 ( - 13
Ground—-water outflow &1, 000 1.2
Surface-water outflow =7, 000 « .5

fDTQL 1, 140,000 (21.8)



Chariges in water storage are not included ivn the budoet
because they are assumed to balarmce out over a long period. A1l
budoget items are estimates. Evapotranspiraticrn, calculated as the
difference between the other budget items, includes evaporation
and livestock watering from lakes and ponds anmd tramspiration by
crops and other vegetation. The armual pumpage of 35, 000 acre-feet
is about & percent of the estimated surface- arnd ground-water
ontflow. The uses of the pumped water have the fallowirng percent-—
ages:

Irrigation coeeeeeean. [ 70
LivestoCK seieeisnsassnnnnnaa 2
Rural-domestic seesaeesnnnaa 4
Municipal a.eeaeaa s e amaaa s =
Industrial c.cacriweennnnnna . =

TOTAL 100

The only industrial water supply, as of 1276, is at a potato pro-
cessing planmt at Clark.

SUMMARY AND CONCLUSIONS
The principal comclusions of this study are:

1. Although armual streamflow from the county is estimated

to average 27,000 acre-feet, it gererally ocours only
during late winter and early sprinmg as runoff of srowmelt
and rainfall. The flow is distributed amocng 14 short

ephemeral streams which flow rapidly, at gradients of
from 20 to more than 100 feet per mile, off of the Cotean
des Prairies.

2. There are about 1,000 lakes, ponds, and marshes covering
about 4 percent of the Coteau des Prairies, but most are

shallow anmd were dry sometime during the drought  of
1373-7¢6, when the level of lakes declined as nmuch as 5
feet.

{4

Stored ground water includes more than & milliion acre-—
feet in six major glacial aguifers and 3 millicon acre-—
feet in a bedrock aguifer, the Dakota Formation. The gla-
cial aguifers are from O to nearly 00 feet below land
surface and the Dakota Formation is  from 300 to 1, 400
feet below land surface.

4. A yield of as much as Z,000 gallons per minute can be
obtained from a properly-constructed well inm Altamont
aguifer =. The maximum well yields for other glacial

aguifers range from 200 to 800 gallorms per minute. A well
yielding as much as S0 gallons per mivnute can be devel-
oped in the Dakota Formatior.
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5. Recharge by infiltration of precipitaticon and lateral
inflow is estimated to range from 5,000 to  S4, 000 acre-—
feet arrmmually for the six glacial aguifers. Anroaal
recharge to the Dakota Formation by inflow  is estimated
to average 7,000 acre—feet.

£. A major water development has beernn the pumping of ground
water for irrigation. During the 1373-7& drought, irriga-
tion pumpage increased to rnearly 4,300 acre-feet armually
and caused a noticeable temporary declivne in water lev-
els. Maximum water—-level declines in the vicinity of
pumping wells were estimated to rarnge from about 10 feet
for Prairie Coteau aguifer 1 tao €3 feet for Altamont
aguifer 3.

7. Water levels recovered betweerr irrigation seasons to
within a few feet of the rnon—-pumpivg high levels of the
previous year. Several declining trernds in armmueal high
water levels appeared to reverse within a year after the
end of the drought because of ircreased recharge.

8. At Clark, the effect of pumping an industrial well at =a
rate of about 100 gallons per minute was a declirne of 23
feet, comparing the armual water—level peaks during
1974-75. The trend will cormtirnne as lonmg as pumping from

-

Altamont aquifer 2 iricreases in the Clark area.

3. Most of the surface water and grounmd water inm Clark
County contains more tharn 1,000 milligrams per liter of
dissolved solids. Concentrations of disscived solids
rarnige from 457 milligrams per liter for a fresh-water
lake to 2,350 milligrams per liter for water fraom a gla-
cial aquifer. Calcium, magrnesium, sodium, bicarbmomate,
arnd sulfate ionms conmstitute 80 to 20 percent by w2ight of
the dissolved constituents. Although most of the ground
water is slightly salire it is used for humarn and live-
stock consumption. Scome water has a high salinity o
sodium hazard which makes it unsuitable for irrigating
poorly—drained scoils.
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