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DEFINITIONS OF TERMS

AQUIFER - A geologic formationes group of formationss or part of a
formation that contains sufficient saturated permeable
material to yield significant quantities of water to wells
and springsa For this report a major aquifer 1is one that
can supply large-capacity wellse.

ARTESIAN WATER -~ Ground water confined under hydrostatic pres-
SUree :

BEOROCK AQUIFER - A water-bearing geologic formation composed of
consolidated rocke

DEGREES C - Degrees celsius. There are 100 degrees of temperature
between the freezing and boiling points of water under labo-
ratory conditionse. Degrees celsius may be converted to
degrees fahrenheit by the following formula: degrees fahren-
heit = 9/5 (degrees celsius) + 32.

DIP - The downward inclination of a stratum with reference to a
horizontal plane.

DISCHARGE - The volume of water (or more broadlys total fluids)
that passes a given point within a given period of time.

DRAINAGE LAKE - A lake that loses water through a surface outlet.

DRAQDOHN - The amount of lowering of the water table or poten-
tiometric surface by pumping or artesian flowe
DUGOUT - A pit excavated 1in the ground to provide water for

livestocke _

ELECTRIC LOG - An electrical recording obtained by lowering elec-
trodes in a borehole and measuring various electrical prop-
erties of the geologic formations transversed.

EVAPOTRANSPIRATION - Water withdrawn from a land area by evapora-
tion from the water surface and moist soil and by plant
transpiration.

GAGING STATION - A particular site on a streams, canaly lake or
reservoir where systematic observations of hydrologic data
are obtained.

GLACTIAL AQUIFER -~ A water-bearing formation composed of materials
transported and deposited by glacial actione In this report
it is mainly unconsolidated sand and gravel deposited as
outwash from a glacier.

GROUND-WATER DIVIDE - A broad mound or ridge in the water table
or other potentiometric surface from which the ground water
represented by that surface moves awady In many directionss

HARDNESS - Hardness of water is a physical-chemical characteris-
tic attributable to the presence of alkaline earths (princi-

"pally calcium and magnesium) and is expressed as equivalent
calcium carbonate (CaC03). It has been classified in some
reports of the Ua.Se. Geological Survey as follows (Durfor and
Beckers 1964+ pe 27):

- s v T —— . A - - - - — >  —— o — o -

Milligrams per liter Grains per gallon
Soft 0- 60 0- 3.4
Moderately hard 61-120 3.5- 7.0
Hard 121-180 Tel-10.5

Very hard More than 180 More than 105

v



HEAD (STATIC HEAD) - The height above a3 standard datum of a
vertical column of water that can be supported by the static

pressure at a given pointe. The static head ts the sum of
the elevation head and the pressure head.
HYDRAULIC CONDUCTIVITY - The volume of water at the existing

kinématic viscosity that will move in unit time under a unit
hydraulic gradient through a wunit area measured at right
angles to the direction of flowe .

LARGE-CAPACITY WELL - Defined by South Dakota Law as a well capa-
ble of yielding at least 18 gallons per minute.

MILLIEQUIVALENT PER LITER (meq/L) - One milliequivalent of solute
in a liter of solutione The concentration of an ion, in
milligrams per liter can be converted to milliequivalents
per liter by dividing by its combining weighte The value
can be wused to compare the concentrations of ions on the
basis of their chemical equivalence. :

MILLIGRAMS PER LITER (mg/L) - A wunit for expressing the concen-
tration of chemical constitutents in solution. Mitligrams
per liter represents the weight of solute per unit volume of
water.

OUTWASH - A stratified deposit of sand and gravel that has been
washedsy sorteds, and deposited by meltwater from a glaciers

PERCENTAGE COMPOSITIONS - Concentrations of ions expressed as
percentages of the total concentrationss in milljequivalents
per litery of either cations or anions.

PERMEABILITY - The capacity of a material to transmit a fluid
under a potential gradient.

POTENTIOMETRIC SURFACE - An imaginary surface that represents the
static head in an aquifer as represented by the level to
which water will rise in tightly cased wells,

PROPERLY-CONSTRUCTED WELL - One constructed to admit a maximum
amount of water from an aquifer without excessive loss of
head at the wells. This generally requires installing a well
screen or perforating the casing opposite the aquifer. It
also requires pumping the well in such a manner as to remove
drilling mud and other fine-grained material from the aqui-
fer adjacent to the well,

RECHARGE - Addition of water to the zone of saturation by infil-
tration of precipitations seepage from streams or other bod-
ies of surface watersy or subsurface inflowe

RUNQFF - That part of precipitation that constigutes surface
streamss. It is the same as streamflow unaffected by artifi=-
cial diversionss storages or other works of mane

SALINE WATER - As used in this report it is water containing more
than 15000 milligrams per liter of dissolved solids.

SEEPAGE LAKE -~ A lake that loses water by seepage through the
walls and floor of its basine ‘

SHUT-IN PRESSURE - The hydrostatic pressure or static head mea-
sured at the land surface when the flow of an artesian well
1S stopped.

SPECIFIC CAPACITY - The rate of discharge of water from a well
divided by the drawdown of water level within the well, It
varies with the duration of dischargee.

SPECIFIC CONDUCTANCE -~ The ability of water to conduct an

vi



electrical current, expressed in micromhos per centimeter at
25 degrees (. 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 con-
tent in the water. The following general relation is appli-
cable: Specific conductance, in micromhos per centimeter x
0«65 = Dissolved solidsy in milligrams per liter.

SPECIFIC YIELD - The ratio of (1) the volume of water which the
rock or soils after being saturatedsy will yield by gravity
to (2) the volume of the rock or soile

STORAGE COEFFICIENT -~ The volume of water an aquifer releases
from or takes into storage per unit surface area of the
aquifer per unit change in head. :

TILL = An unsorteds wunstratified mixture of claye silts sand.
gravels and boulders deposited by a glaciere.

TRANSMISSIVITY - The volume of water at the prevailing kinematic
viscosity that will move i1n unit time under a unit hydraulic
gradient through a unit width of an aquifere.

WATER TABLE - That surface in an unconfined water body at which
the pressure is atmospherice It is defined by the levels at
which water stands in wells that penetrate the water body
just far enough to hold standing water. In wells which
penetrate to greater depths, the water level will stand
above or below the water table if an upward or downward com-
ponent of ground-water flow existse.
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U.S. CUSTOMARY AND METRIC UNITS

Abbreviations of units and factors for converting
U.S. Customary Units to metric units are listed below:

Multiply U.S. Customary unit by To obtain metric unit

acre 0.405 hectare (ha)

acre-foot {acre-ft) 1,233 cubic meter (m3 )

acre-foot (acre-ft) 1.233x107° cubic kilometer {(km?3)

acre-foot per square cubic meter per square
mile (acre-ft/mi?) 476 kilometer (m>/km?)

cubic foot per second cubic meter per second
(ft3/5) 2.832x1072 (m3/s)

cubic foot per second per cubic meter per second per
square mile [{f63/s)/mi?] 1.093x1072 square kilometer [(m3/s)/km?]

foot (ft) .035 meter {m)

foot per mile {ft/mi) .189 meter per kilometer {m/km)

gallon {(gal} 3.785 liter (L)

gallon (gal) 3.785x1073 cubic meter (m?3)

gallon per minute {(gal/min} 6.309x 1072 liter per second (L/s)

galion per day per square ' liter per day per square
mile[(gal/d)/mi?] 1.461 kilometer [L/d)/km?]

gallon per day per mile liter per day per kilometer
[(gal/d)/mil 2.352 [{L/d)/km]

gallon per day per square 4 meter per day
foot [(gal/d)/ft?] 041 (m/d)

gallon per day per foot square meter per day
[(gal/d)/ft] 1.242x1072 (m2/d) -

gallon per minute per foot liter per second per meter
[{gal/min)/ft] .207 [(L/s)/m]}

inch (in) 2.540 centimeter (cm)

mile {mi) 1.609 kilometer (km)

pound per sciuare inch kilogram per square centimeter
(Ib/in?) 7.037x1072 (kg/cm?)

square mile {mi?) 2.590 square kilometer (km?)

ton (short) .907 megagram {mg)



ABSTRACT

McPhersony Edmundse and Faulk Counties comprise an area of
3,304 square miles of till plains in north-central South Dakota.
A large supply of water generally is available for many present
and future needs but in part of the study area shallow supplies
are inadequate. Some of the water is of unsuitable quality for
municipalsy 1ndustrialy and irrigation requirementss

Water 1s obtained from many lakes and pondssy and from a few
sStreams. Total streamflow averages about 14+500 acre-feet per
year . Water storage in lakes and ponds is greatly depleted by
evapotranspiration in summer and during drought but averages
about 704000 acre-feete. :

The guality of surface water varies areally. The concentra-
tion of dissolved solids averaged 14200 milligrams per liter for
21 samples from lakes and 600 milligrams per liter for 18 samples
from pondsy but ranged up to 17,000 milligrams per liter in a
saline lakes

. Ground water is obtained from glacial and bedrock aquiferse.
Glacial  aquifers store about 5.5 million acre-feet of water
beneath one-third of the study area. An aquifer can yield more
than 500 gallons per minute to a pumping well at many placese
Sandstone bedrock aquifers store about 200 million acre-feet
beneath the entire area at depths of more than 1,000 feet and can
yield 500 gallons per minute or more to a3 well. Additional sup-
plies of water can be obtained from limestone and dolomite which
underlie the sandstone aquifers in the western part of the areae.

The quality of ground water varies areally and with depth. In
glacial aquifersy dissolved solids average about 1,000 milligrams
per liter and range from 260 milligrams per liter to 3+200 milli-
grams per liter. In bedrock aguifersy dissolved solids average
about 24000 milligrams per liter and range from 15600 milligrams
per liter to 24600 milligrams per liter. Much of the ground
water 1s unsuitable for irrigation wuse because of high dissolved
solids and sodium and bicarbonate concentrationse.

Withdrawals from glacial aquifers have practically no effect
on water levels or storage because pumpage is dispersed and is
much less than recharge. Large withdrawals of water from bedrock
aquifers have greatly reduced the pressure and flow of artesian
wellse

INTRODUCTION

The study was made in cooperation with the South Dakota Geolo-
gical Surveys and was financed by State, 0ahe Conservancy Sub-
Districtse and County funds matched by federal fundse Several
state and federal agencies provided useful information, as did
many residents and well drillerse.

3



The report on the geology and water resources of the Counties

is published 1in three partse. The geology of the Counties is
described in Part I of this Bulletin (Christensens 1977). This
reports Part Ils is an appraisal of the water resourcese. The

basic data collected and used in the preparation of these reports
are available on request in separate open-file reportse.

Purpose and 5cope

The aims of this study were to: (1) determine the availability
of surface and ground watery (2) describe the hydrologic system
as it influences water availabilitys, (3) describe the water qual-
itys and (4) estimate the effects of development of water sup-
plies on the availability and quality of surface and ground
watere

The study concentrated largely on glacial aquifers because
little was known of their extent, thickness, depths storage, rec-
harges discharges water levelsy, well yieldss and water qualitye
This report is a general appraisal of the water resources; any
large-scale water development should be preceded by test drilling
and detailed hydrologic studiese.

Methods

About 400 test holes were drilled to bedrock in order to det-
ermine the locations compositions and thickness of glacial aqui-
ferss« Logs of these test holes and other basic data will be made
available as an open—-file report at a later date. Electric logs
were run in about 200 wells and test holes to determine the depth
and thickness of glacial and bedrock aquifers. Records of about
22000 wells were obtained to determine aquifer depths water qual-
itys and well yieldse. Water samples from about 400 wells, 3
streamss and 80 lakes and ponds were analyzed for water quality.
Water levels were measured periodically in 50 wells to determine
changes in storage and water movement. Streamflow data were col-
lected at one gaging stations .seven crest-stage partial-record
stationss and at four single-measurement sitese. The data are
published in several reports (UeSe Geols Surveys 1964, 1969,
1971 1972y and 1973). The stages of 30 ponds anag lakes were
measured periodically to determine the effects of rainfall,
runoffs and evapotranspiratione.

Wells, test holess and surface-water sampling sites are
located according to a numbering system based on the Federal
land-survey system used in South Dakota (fige 1) The location

number for this area consists of township number followed by the
letter N for norths range number followed by the letter W for
weste and section number. This i1s followed by a3 maximum of four
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letters that indicate, respectivelys, the 160-, 40-, 10~y and 2

l/2-acre tract in which the well is located. These lettersy Ay
Bse Co» and Dy are assigned in a counterclockwise direction begin-
ning with "A" in the northeast quartere. A serial number follow-

ing the last Jletter is used to distinguish between wells in the
same tracte Thusy well 123N70W150AAA is in the NE 1/4 NE 1/4 NE
1/4 SE 1/4 secCe 154 Te 123 New Re 70 We

Station numbers for gaging stations and crest-stage partial-
record stations are those used in the annual series of reports
entitled "Water Resources Data for South Dakota."

McPhersons Edmundsy and Faulk Counties comprise 3,304 square
miles in north-central South Dakotay along the boundary between
the Central Lowland and the Great Plains physiographic provincese.
The eastern part of the Counties is in the James Basin and the
western part is in the (oteau du Missouri (fige 2)e

Figure 2 is a photomosaics which was prepared from negative
prints of MS5-7 (near-infrared band) imagery obtained by Land-
sat-1 (Earth Resources Technology Satellite) in May 1973 Numer-
ous small lakes barely can be detected as white speckssy fallow
fields are light grays rangeland is grays and cultivated fields
are dark graye Oahe Reservoir on the Missouri River can be seen
as a conspicuous whitey meanderings band in the upper center of
the mosaics 30 miles west of the study area.

The population of 144463 persons (1970 census) s supported
principally by agriculture and most of the land is used for range
and field crops (UsSe. Depte of Agricultures 1970). Agriculture
has been adapted to a semiarids continentals climate that is
characterized by cools wet springss hoty dry summers, and longs
cold winterss. The mean annual temperature 1is about 7 degrees C
(44 degrees F) but mean monthly temperatures average below freez-
ing 5 months of the year. During most of this time, lakess ponds
and streams are covered by icey so livestock must be watered from
wellse

Normal annual precipitation is only 17 inchesy and 1is more
than 3 inches below normal 3 out of 10 years. Fortunately more
than three-fourths of the precipitation occurs during the growing
SEeasone Neverthelessy supplemental irrigation during drought
could maintain crop yields and stabilize the economye Less than
one-fourth of the precipitation accumulates as SNOws and this
lTimits the supply of water in spring which is needed to restore
soil moistures recharge aquifers, and furnish runoff to streams,
lakess and pondse.
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Topography and Drainage

The eastern part of the study areay which i1s Iin the James
Basiny is a gently undulating plain that is dissected by east-
ward-flowing tributaries of the James River. Local relief rarely
exceeds 10 feet per square mile except where tributaries are
incised about 30 feet into the plaine. The narrow stream valleys
are about one-quarter mile wide and are capable of confining
flood waters and 1limiting the extent of flood-prone  areas.
Slopes of the stream channels increase gradually from a few feet
per mile in their lower reaches to about 100 feet per mile in
their headwaters on the Coteau du Missouris The lower reaches
have numerous pools of water during many years but the upper
reaches drain rapidly and generally contain water only in dugouts
and behind stock damse.

The western part of the study areas which is in the Coteau du
Missouris is characterized by rolling hills that are separated by

numerous poorly-drained depressions--"prairie potholes"-- that
are lakes and ponds in wet yearse. Local relief rarely exceeds S0
feet within a square mile. The northwestern part of McPherson

County is drained by Spring Creeksy a3 tributary of the Missouri
Rivery and the southwestern part of Faulk County is drained by
the South Fork of Snake (Creeksy a tributary of the James River.
The remainder of the western part of the area has no external
drainage (fige 3)e.

WATER AVAILABILITY

A large supply of watery, which generally is adequate for most
usese 15 available from lakess pondss, streamss and glacial and
bedrock aquifers in the study area (table 1) The gltacial and
bedrock aquifers offer the most dependable supply because sur-
face-water supplies are highly variable due to depletion by eva-
potranspiration in summer and by periods of drought.

SURFACE WATER

Surface water is available from lakess pondss and dugoutss and
from streams that drain about 60 percent of the areas About half
of the runoff from the study area 1is through the South Fork of

Snake Creeke. Reservoirs are needed to provide supplies that are
adequate for irrigations municipal, and industrial supplies
because streams flow intermittentlye. About 700 flowing wells

discharge an estimated 4+000 gallons per minutes Or 64450 acre-
feet per yeary, to ponds and streams but this does not noticeably
augment storage or streamflow because the wells are widely dis-
persed.

Most streams in the study area flow only in spring and then
only if there is sufficient snowmelt and rainfall, Runoff 1is
increased relative to snow accumulations some years because prior

6



TABLE 1. Summary of water availability and suitability for various uses

Source

Surface water

Ground water

Glacial aquifers

Bedrock aquifers

Use and Elm, Selby, Sprin Grand Dakota Fall River Formation
I ke Creek Lakes and pond » 9€iby, Spring .
considerations Snake Cree Small streams akes and ponds Creek and others aquifer Formation and underlying aquifers
Municipal and industrial Adequate supgly. Average Adequate supply. Well | Adequate supply. Well | Adequate supply. Well Adequate supply. Well

flow of 11 ft°/s or 8,000 yields of more than 100 | yields of more than 500 | vields of up to 500 gal/min | yields of more than 500
Quantity - 0.15 ft3/s, 70 | acre-ft per year at station gal/min are possible. gal/min are possiblie. are possible, gal/min are possible.

gal/min, or 100,000 gal/day
per 1,000 population.
Quality - Water should not
be polluted and, preferably,
not saline, corrosive, or
excessively hard.

06473500 (fig. 3).

Flow is intermittent.
Requires reservoirs and
alternative supplies during
years of little fiow.
Treatment required for
removal of pollution and
excessive hardness.

Inadequate supply.

Inadequate supply gener-
ally. Slightly to moderately
saline. Treatment required
for removal of pollution and
excessive hardness.

Slightly saline. Treatment
may be required for removal
of excessive hardness, iron,
and manganese.

Slightly saline. Treatment
may be required for removal
of excessive hardness, iron,
and manganese.

Slightly saline. Treatment
may be required for removal
of excessive hardness, iron,
and manganese.

Available everywhere.

Slightly saline. Treatment

may be required for removal
of excessive hardness, iron,
and manganese.

Rural domestic and stock Adequate supply with | Adequate supply with | Adequate supply. Adequate supply. Flowing | Adequate supply. Flowing | Adequate supply. Flowing | Adequate supply. Flowing

reservoirs. reservoirs. wells in a few areas. wells in a few areas. wells in much of the eastern | wells nearly everywhere.
Quantity - 5 gal/min. part of the area.
Quality - Water should not | . .. ... ...
be polluted and preferably, | May require alternative | Requires alternative supplies | Requires alternative supplies | Slightly saline. Treatment | Slightly saline. Treatment | Slightly saline and corrosive. Slightly saline. Treatment
not saline, corrosive, or | supplies during winter and | in winter and dry vyears. | in winter and dry years. may be required for removal | may be required for removal Salty taste may make the | may be required for removal
excessively hard. dry vyears.  Treatment| Treatment required for | Treatment required for | of excessive hardness, iron, | of excessive hardness, iron, [ water wunpalatable.| of excessive hardness, iron,

required for removal of | removal. of pollution and | removal of pollution and | and manganese. and manganese. Treatment may be required | and manganese.

pollution and excessive | excessive hardness. excessive hardness. for removal of excessive

hardness. hardness, iron, and

manganese.

irrigation

Quantity - 1 #3/s, or 450
gal/min per 40 to 60 acres.

Quality - Low concentra-
tions for total dissolved
solids sodium, and

bicarbonate, depending on
soil and drainage.

Adequate supply in reser-

voirs most years.
Adequate flow only in
spring. Requires reservoirs,

Inadequate supply -many
years, even with reservoirs.

Some lakes have adequate
supply.
Locally unsuitable quality
because of high dissolved
solids, sodium,
bicarbonate.

and |

Inadequate supply
generally, Multiple wells
may provide adequate
supply.

Adequate supply.

Unsuitable quality gener-
ally, because of high con-
centrations of dissolved
solids, sodium, and bicar-
bonate.

Adeqguate supply.

Unsuitable quality because

of high concentrations of
dissolved solids, sodium,
and bicarbonate.

Adequate supply.

Unsuitable quality because
of high concentrations of
dissolved solids.

Recreation

Adequate depth and area
for water sports.

Inadequate area in most
reservoirs.

Inadequate depth and area.

Inadequate depth and area
for most lakes.

Fish and wildlife habitat

Adequate depth and quality
for fish.

Adequate supply.

Inadequate for fish except
in reservoirs.

Inadequate supply many
years even in reservoirs.

Adeguate supply.

Inadequate for fish in most
ponds.
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precipitation saturates soil and fills lakes and ponds to over-
flowing. Drifting of snow into drainageways and freezing of
saturated soil also contribute to an increase of runoffe As a
result of all of these conditions being met, annual runoff for
1972 was two times normal even though the snowfall and annual
precipitation were about normal. On March 17y the maximum disc~-
harge {instantaneous peak) for 1972 was 14210 cubic feet per sec-
ond for the South Fork of Snake (reek in eastern Faulk County
{station 06473500y fige 3)s This maximum was the third~highest
discharge for the 23 years of recorde.

Although many maximum discharges occur as a result of heavy
rainfall, figure 3 shows that discharges measured on May 3, 1972,
after a 2-day rainfall were a small fraction of the maximum disc-
harges after snowmelt, even though the water equivalents for snow
and rainfall accumulations were about the samesy 2 inchese The
smaller discharges of May resulted from rainfall replenishing
soil moisture which had been reduced by evapotranspirations

The bottom discharge value for the stations in fiqure 3 shows
that the flow per unit drainage area was four to eight times lar-
ger for small headwater streams than for the main stem of Snake
Creeka. Howevers total runoff per unit area probably was similar
for all stations because the duration of flow was greater on the
main steme

Mean Annual Flow

The mean annual flow of the South Fork of Snake Creek (station
06473500+ fige. 3) from 1950 to 1972 was about 11 cubic feet per
seconds equivalent to an average annual runoff of 8,000 acre-
feet. . The mean annual flow of other streams in the area was
estimated by regression analysis (Larimer, 1970) to total 9 cubic
feet per second, equivalent to an average annual runoff of 6,500
acre—feet, Thuss the estimated mean annual flow of all streams
in the area totals 20 cubic feet per secondy or about 14,4500
acre-feete :

Flow Duration

The duration of streamflow is very short in this area because
of low precipitations high evapotranspirations and the small
amount of ground-water seepage (baseflow) Into streamse. ‘Disc-
harge from flowing wells does not noticeably increase streamflows
Thuses ground-water supplies or reservoirs are needed to supply
water during periods when streams do not flows A flow-duration
curve can be used to show the percentage of time a specific disc-
harge was equaled or exceeded. For examples a daily discharge of
1 cubic foot per second is equaled or exceeded about 20 percent
of the time on the South Fork of Snake Creek (fige 4)e Simi~
larlys a discharge of 0.l cubic foot per second is equaled or
exceeded about 30 percent of the time. The steep slope of the

8
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curve indicates that there is no baseflow during prolonged dry
weather. Flow-duration curves for other ungaged streams in the
area can be expected to have similar slopes and be displaced
downward toward lower flows that are proportional to their drain-
age areas.

Floods occur from heavy rainfall or following rapid melting of
SNOW 1IN SPringe Floods do not occur every year because snowfall
is normally smalls melting occurs graduallys and lakess ponds
and loamy soi1ls retain most of the snowmelte The flood-freguency
curves in figure 5 show the probable recurrence interval of a
given discharge and the percent chance that the discharge has of
occurring in any one year. A maximum discharge of about 5,000
cubic feet per second can be expected on an average of once in 25
years ors has a 4 percent chance of occurring in any one years, on
the South Fork of Snake Creek. A similar recurrence can be
expected for a discharge of about 600 cubic feet per second on an
Elm River tributary (06471050s fige 3) The large difference in
magnitude of the 25-year maximum peak discharges is due primarily
to the fact that the area drained by Snake (Creek is 74 times that
of the Elm River tributary. The maximum discharge at the station
on the South Fork of Snake (reek was 64810 cubic feet per second
on April Ts 1969, The maximum discharge for the station on the
Elm River tributary a day later, was T20 cubic feet per seconde.
Runoff per square mile was nearly eight times greater for the
tributarys mainly because of steeper slopess Other factors such
as drainage density and snow cover also account for these differ-
ences.

Information on floods in small drainage basins 1is being
obtained by the U.S. Geological Survey at crest-stage partial-re-
cord stationss, seven of which are in the study area (fige 3).
Floodflows at ungaged sites can be approximated by the wuse of a
regression equation developed by Larimer (19704 pe 26)s

Lakes and Ponds

R mm T DS e

Location and Size

A Landsat-imagery photomosaic (fige 6) shows water (white
tone) on May 14, 1973. Lakess water areas of more than 40 acressy
are mostly located 1in the coteau and particularly in the middle
third of McPherson Countye A few man-made lakes are located in
drainagewayss

The two largest lakes in the area cover 3 square miles in nor-
theastern Faulk and southeastern Edmunds Countiess They are fed
by ground-water seepagesy and are reported to have nearly dried up
during prolonged droughtse Although pondss water areas of 40
acres or lesss occur throughout the study areas, the largest, more

10
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permanent ones occur in the coteau. Their generallized hydrology
is described by Eisenlohr and Sloan (1968).

The area of ponds is typically from 1 to 2 acres in the James
Basin and is about 10 acres in the coteau. Generallys, ponds
smaller than 5 acres contain water only during wet springse as in
1972« Ponds of 2 acres or less in size cannot be distinguished on
Landsat imagery.

During the period 1969-73y when precipitation and runoff were
above normal, lakes and ponds covered about 8 percent of the
coteaus including 10 percent of western McPherson Countys 7 per-
cent of western Edmunds Countys and 4 percent of western Faulk
County. During the extreme drought of the 1930's most ponds and
lakes reportedly were dry.

Water Levels and Storage

Fluctuations of water 1levels for six lakes and a pond during
1970-72 are shown in figure 7. The pond is located 2 miles north
of the study area but its fluctuations of water levels are repre-
sentative of many ponds in the study area. To facilitate compar-
ison of the relative decline of water levels in summers the water
levels were adjusted by shifting each hydrograph up or down so
that each level on May ls 1972y would read 6.0 ft. Water levels
rose and storage increased greatly in lakes and ponds early in
1972 as a result of runoff from snowmelt and rainfall. By late
summer of 1972 levels had declined several feet as a result of
outflow and evaporation. The declines were relatively small for
seepage lakes such as lakes 5 and 6 because they have no surface
inlets or outlets and are sustained almost entirely by ground-wa-
ter seepage. Loss of storage by evaporation was partly compen-—
sated for by ground-water seepage.

Drainage lakess which are those with surface inlets and out-
letss had a maximum water-level range of 3.5 feet in 1972 because
they receive much runoff in springe Their water-level decline in
summer and autumn also was large because of surface outflows eva-

poration lossessy and very Jlittle ground-water inflowe The
decline in the level of lake 4 was not as large as for the other
drainage lakes because it has no surface outlete Lake & also

receives ground-water discharge.

The range 1n water level of 2 feet for pond 7 in 1972 was
nearly the same as for some drainage lakes. The range in water
levels for six other ponds (not shown) was nearly the same as for
pond 7 The large fluctuation in levels was due to large inflows
of surface water and ground water in spring and large evapotran-
spiration losses in summer.

Surface-water storage during 1969-73 was higher than averagee.
Using data from land and water inventories (UsSe Depte of Agri-
cultures 1970)s average surface-water storage is estimated to be

13
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70+000 acre-feety assuming an average water depth of 1 foot in
takes and pondss. Storage can increase 100 percent in spring
after heavy snowmelt runoff and decrease nearly 100 percent below
average during extreme drought Jlasting several yearse.

The quality of surface water varies with the seasons and pre-
cipitationes The water, particularly that in lakes on the coteau
in McPherson Countys is characterized by high hardnesss exceeding
500 milligrams per liter, and high concentrations of dissolved
solidse exceeding 1+000 milligrams per liters

Chemical Composition

The dissolved constituents in surface waters in the study area
are mostly sodiums calciumes magnesiums bicarbonate, and sulfate
ions which are leached from soil and tille The chloride concen-
tration is high in a few Jlakes which receive high-chloride water
discharged by artesian wellse. Because concentrations of ions are
greatly affected by precipitation and evaporation, areal differ-
ences in chemical <composition are more easily wunderstood if the
concentrationsy in milliequivalents per liter (meqg/L)s of an ion
are expressed as percentages of anions or cationse

The scatter of data points on the trilinear, percentage-compo-
sition diagrams (fig. 8) shows that there are large differences
in the chemical compositions The numbers along the margins of
the diagrams are percentageses increasing from zero to 100 in the
direction of the arrowse for calcium (L3)s magnesium (Mg)s sodium
(Na)s potassium (K)s carbonate (C03), bicarbonate (HC03), sulfate
(SO04)y and chloride (L1)e. In the anion diagram most plotted
points are on the left sidea These points show that chloride
generally makes wup less than 30 percent of the composition and
that the water is basically various mixtures of bicarbonate and
sulfate i1ionse Samples 2 and 12 were collected from 1akes in
McPherson County which contain about 90 percent sulfate anions
because they receive large amounts of sulfate-rich water from
artesian wells. The anion composition for other lakes in the
County {samples 5» 645 9, and 10) also is more than 60 percent
sulfate because the lakes receive sulfate-rich ground water from
seeps and springse Sulfate-rich ground water also contains large
percentages of calcium and bicarbonate ions but the latter are
precipitated in the lakes, Jleaving the water with higher percen-
tages of other ionse Ponds near hilltops in McPherson County
(samples 3y 4, and 7) have low percentages of sodium. Soils in
these hills are well drained and have been leached of sodiume.
Sodium percentages are higher in Faulk County, particularly 1n
several lakes (samples 19, 214 and 24) that also have high chlo-
ride percentagese. The probable sources of sodium and chloride
ions are natural ground-water discharges, flowing wells completed
in the Dakotas and domestic sewages. Potassium makes up as much

15
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as 10 percent of the cations but has been included with sodium in
the diagramse

Many users of water are interested in concentrations of dis-
solved solids expressed in milligrams per liter rather than per-
centages in milliquivalents per liter. Milligrams per liter 15
equivalent to parts per million (ppm)e The concentrations of
dissolved solids averaged 14200 milligrams per liter for 21 sam-
ples from lakes and 600 milligrams per liter for 18 samples from
ponds e Dissolved-solids content generally is higher in lakes
than in ponds in the study area because most lakes are in low
grounde intercept more ground wateres and seldom lose salts by
overflows Concentrations in ponds were 3s low as 70 milligrams
per liter in spring because of dilution by runoff. Alsos most
ponds lie on high ground relative to lakes and tend to lose water
and salts by overflow and seepages Most lakes and ponds with
dissolved-solids concentrations above 1,000 milligrams per liter
are in McPherson (Countye The maximum concentration (estimated
from the specific conductance of the water) was 17,000 milligrams
per liter in this County (Twin Lakess 127N70W1l4) but the second
highest concentration of 9,000 milligrams per liter was for a
small pond in northeastern Faulk County (120N66W1). Both bodies
of water "have no outlets and receive much ground-water inflows
hence dissolved constituents accumulate in them and become con-
centrated by evaporatione.

Concentration of dissolved solids tend to decrease with an
increase of discharge for Snake Creek (fige 9)s The trend of the
graph is reasonably smooths except for samples collected on March
30+ 1972+ and July 3. 1969. The first is affected by snowmelt
dilution and the second by dilution from a heavy rainstorme. Con-
centrations of nitrate and phosphate increased during snowmelt on
March 17, 1972 probably the result of a large amount of ferti-
lizer being mixed with snowmelt runoffo. During the winter wind
erosion on barey, fallow fields is common and mixes soil and fer-
tilizer with the snow in ditches,

Although concentrations of dissolved solids tend to decrease
with an increase of discharges a large part of the annual dis-
solved-solids load is discharged during short periods of high
flows. For examples calculations based on data in figure 9 indi-
cated that at a discharge of 19 cubic feet per second and a dis-~
solved-solids concentration of 670 milligrams per liter the dis-
solved-solids load is 34 tons per daye. In contrasty, at a
discharge of 1+120 <cubic feet per second and a concentration of
180 milligrams per liter the load increases to 550 tons per daye.

The average annual load of dissolved solids for the South Fork

of Snake Creek at station 06473500 was estimated to be B4000 tons
for the period 1969-72.

17
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Hardness

Most surface water in the study area is classified as hard to
very hard. Hardness ranged from 60 milligrams per liter in
streams in the spring to 5,000 milligrams per liter in a lake at
127N7T0Wl4 during 1970-72. The hardness of water from many lakes
in the coteau exceeds 500 milligrams per liter. Excessive hard-
ness is caused by seepage of very hard ground water into the
lakes and also by concentration of dissolved solids by evapora-
tione Maximum hardness probably occurs during winter when forma-
tion of ice leaves a3 concentrated solution beneath the icee

GROUND WATER

A supply of ground water adequate to meet most needs is avai-
lable from the glacial aquifers and underlying bedrock aguifers
{table 1) A properly developed well in either type of aquifer
may yield more than 500 gallons per minute.

This section describes only the general geology and soil char-
acteristics which affect the availability of water. A detailed
discussion of the geology can be found in Part I of this Bulletin
{Christensens 1977). Stratigraphic nomenclature and classifica~-
tions used in this report are those of the South Dakota Geologi-
cal Survey. The names differ only slightly from those adopted by
the UesSs Geological Surveye.

A thick sequence of consolidated sedimentary rockss shales
sandstones limestone, and dolomite overlies Precambrian granite
in the study area (table 2). The lower part of the sequence con-
tains bedrock aquifers of sandstones limestone, and dolomite.
The total thickness of these rocks ‘ranges from 14300 feet in the
southeast to 3800 feet at the northwest end of the areae. The
average thickness of sandstone in bedrock totals about 250 feete.
The aquifer units that are tapped by most bedrock wells are the
Dakota Formations which has a maximum thickness of 310 feet, and
the Fall River Formations which has a maximum thickness of 360
feet. The maximums do note howevers, oOccur in the same area.
Depths to the top of the Dakota Formation range from about 900
feet Iin the southeast to 1,800 feet in the northwest part of the
aArede

Unconsolidated Quaternary depositss mostly poorly permeable
tilly overlie the Pierre Shale. The thickness of these deposits
averages about 30 feet in the James Basin and about 300 feet in
the coteau in the study area. Some of the deposits are as much
as 600 feet thick in the coteaus where they cover a former river
valley which was eroded deeply into the Pierre Shale. A contour
map of the bedrock surface (Christensen, 1977) shows the location
of the valley and its tributarieses
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TABLE 3.

Major glacial aquifers.

Aquifer McPherson Edmunds Fautk Total
name Area Storage Area Storage Area Storage Area Storage Maximum Maximum Well
{sq mi) {million (sq mi) (million (sq mi) {million (sq mi) (million Composition thickness well yield depth
acre-ft) acre-ft) acre-ft) acre-ft) (ft) (gal/min) (ft)
Grand 70 0.50 170 1.10 120 0.80 360 2.40 Sand, fine to very coarse, silty, 175 880 150-600
and silty gravel. Contains thin
beds of siity clay.
Elm | e e 63 0.16 24 0.14 87 0.30 Sand, fine to medium, silty, and 77 300 20-150
silty gravel. Contains beds of
silty clay.
Selby 47 020 | e | e e 47 0.20 Sand, fine to coarse, silty, and 91 100 40-140
silty gravel. Contains thin
beds of silt and clay.
Spring 160 050 | e e e e 160 0.50 Sand, very fine to coarse, silty, 86 50 20-200
Creek and silty gravel. Contains
beds of sandy clay.
Other 230 0.75 270 0.65 200 0.76 700 2.15 Sand, very fine to coarse, silty, 73 500 20-600
aquifers clayey, and silty gravel. Con-
tains beds of sandy, graveily,
clay.
Total 507 1.95 503 1.91 344 1.69 1,354 5.55




Outwash deposits of sand and gravel compose most of the gla-

cial aqgquifers in the study area. Although these deposits can be
found in much of the study area, they are thickest above and
within the former river valley. This maximum known thickness of

sand and gravel is 175 feet in southwestern McPherson Countye.

Lake deposits of clayey silt and fine sand compose part of the
glacial aquifers in southwestern McPherson County and northern
Faulk Countye.

Soil in the study area is not deep enough to be an aquifer,
but does have a high moisture-holding capacitye The soil retains
most precipitation and thereby slows both runoff and recharge.
Most subsoil is poorly permeable clay which further slows infil-
tration and recharges.

Glacial aquiferss which underlie 14354 square miles or 40 per-
cent of the study areas, are listed in table 3. They are mostly
unconsolidated deposits of sand and gravel, outwash deposited
during periods of melting of a continental ice sheet which once
covered the entire areads The sand and gravel which composes the
Grand Aquifer was deposited on top of shale bedrock by meltwater
from the ice sheete. The Grand Aquifer subsequently was buried
under the coteau by hundreds of feet of till and by outwash depo-
sits which compose the shallower aquiferse.

Extent

The most extensive of the glacial aquifers (figs 10) 1is the
Grand a ,uifery which underlies an area of 360 sjuare miles. The
Grand aquifer lies within 3 broady branchings buried valley which
was carved into bedrock by preglacial streams. The aquifer,
which has an average width of about 4 miles extends westward into
Campbell County (Kochy 1970, Hedgess 1972) and southeastward
through the study arede.

The Grand aquifer is overlain by the Selby aquifer, which cov-
ers an area of 47 square miles in southwestern McPherson County
and extends westward into Campbell Countys A branch of the Grand
aquifer in southeastern Edmunds County is overlain by the Elm
aquifers, which extends over 87 square miles in Edmunds and Faulk
Countieses The Elm aquifer extends eastward from the study area
into Spink and Brown Counties (Koch and Bradford, 1975).

The Spring Creek aquifer underlies an area of 160 square miles
in northern McPherson (ountye Although the aquifer narrows 1In
northwestern McPherson Countys it extends westward into Campbell
Countye.
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Lenticular deposits of outwash sand and gravel that generally
are no more than 10 feet thick are included with "other aquifers"
{(figs 10} These lenticular gravels are extensive but may be
absent in some places within the mapped boundariese.

Thickness

The thickness of an aguifer is an important factor in estimat-
ing ground-water storage and well yields. The thickness of the
Grand aquifer increases sharply inward from its margin and
exceeds 50 feet along its entire length (fige 10)e The aquifer
generally consists of one bed of sand and gravel in Faulk County
but may consist of as many as five beds of sand and gravel sepa-
rated by till in the other countiess The till contains sandy or
gravelly Jayers that provide hydraulic connection between the
different beds. The data in table 3 show that the maximum thick-
nesses of the aquifer range from 175 feet for the Grand aquifer
to 30 feet for the Selby aquifer. Howevery the average thickness
of individual agquifers is about 50 feet for the Grand aquifer,
about 30 feet for the Spring Creek and Elm aquifersy and about 20
. feet for the Selby and other aquifers. The aquifers may be
absent locally near the margins outlined in figure 10.

Detailed studies for «city water supplies have shown that the
thickness of aquifers generally is below average in 123N68W (Pot-
tratze. 1965) in 123N73Ww (Ruckstad and Hedgess 1964 ), and i1n
118N69W (Christenseny, 1962).

The maximum known thicknesses are 175 feet for the Grand aqui-
fer at 12S5N73W3SCCCB, 91 feet for the Selby aquifer at
L26NT3W13DAAA, 77 feet for the Elm aquifer at 120N66W24CBCC, 85
feet for the Spring Creek aqgquifer at 128N70W35DDDDy and 73 feet
for other aquifers at 120N72W6BCCCe

Well Depths

Data in table 3 show a wide range in depths of wells which
completely penetrate the various aquiferse. Well depths for the
Grand aquifer increase from about 150 feet in southern Faulk
County to about 600 feet in central Edmunds Countye. Well depths
for other aquifers (table 3) range from 20 to 600 feet. The Elm
and Spring Creek aquifers are mostly shallow cutwash and can be
completely penetrated by 20-foot wells at many placese. Howevers,
the Spring Creek aquifer is buried by as much as 200 feet of till
In north-central McPherson County.

Figure 1l a hydrologic section across the northern end of
Faulk Countyes shows that the depth of wells which penetrate aqui-
fers can change greatly within a few miles, For examples the
depth of a well in the top of the Grand aquifer would have to be
at least 270 feet at well 1lle. HOowevers at test hole 13, a few
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miles to the easts the depth of a well would only have to be
about 150 feet. The section also shows that the depth of wells
which completely penetrate the aquifers can also change greatly
within a few miless especially where there are deep channels in
shale.

Composition

The composition of an aquifer is an important factor in esti-
mating yields of wells. Coarse sand and gravel is highly perme-
ables because of its larges. interconnected pore spacess and thus
yields water readily. In contrastsy beds of clay and silt are
poorly permeable and yield water very slowlye Some of the clay
and silt that is found in all of the aquifers is mixed in with
the sand and gravel. This clogs the pore spacess, thereby reduc-
ing the permeability and well yieldse. In many areas the lower
part of the Grand aquifer contains more silt and clay and is less
permeable than the upper part of the aquifere The Grand aquifer
is mostly lake depositses poorly permeable clayey silt and moder-
ately permeable fine sandy in part of southwestern McPherson
County and also in northern Faulk County (test hole 13, fige 1l1l)e

Storage

Glacial aquifers store an estimated 5 172 million acre-feet of
watersy nearly half of which is in the Grand aquifer (table 3).
The estimates are based on the extent, average thicknesss and an
estimated specific yield of 20 percent for all aquifers. Total
storage is about 2+500 times the amount withdrawn by wells
yearly. Although less than half of the storage can be withdrawn
by wellsy it is not likely to be greatly reduced with increased
pumpage. This is because recharge increases as pumpage lowers
water levels and induces movement of water into the aquifere.
Much of the recharge would be from water that is stored in adja-
cent til)l depositse

Water Movement

A discussion of water movement in aguifers include the source
of the water and where it is dischargede. Estimates of the rate
and amount of movement require that hydraulic gradients and aqui-
fer transmissivity are considered alsos

Water 1in glacial aquifers is recharged from precipitation; the
water moves into the aguifers both by vertical infiltration and
by lateral inflow from tille Water movement through till is very .
sS1OwWoe The rate of flows under existing hydraulic gradientsy s
estimated to range from a few feet per year for vertical infil-
tration to several hundred feet per year for lateral inflow
through till. The presence of open joints or fractures locally
will increase the rate of flows
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The Grand aguifer is the major conduit through which most
ground water moves through the study areae. The rate of flows
under existing hydraulic gradientss, 15 estimated to average sev-
eral nundred feet per yeare.

The potentiometric surface of the Grand aquifer is shown in
figure 12. The arrows and potentiometric contours indicate that
water moves in the Grand aquifer from ground-water divides (and
recharge areas) toward major discharge areases These discharge
areas. are: (1) Southeastern Faulk Countys, (2) Northeastern Faulk
and southeastern Edmunds Countiess and (3) Along . the Missouri
River west of McPherson and Edmunds Counties (Kochsy 1970+ pDe 19).

The arrows in figure 12 indicate only the general horizontal
direction of ground-water flow normal to potentiometric contours
because the figure is a two-dimensional representation of a
three~dimensional flow systeme. Actuallys in recharge areas near
ground-water divides the principal component of flow IS downward.
In discharge areas the principal component is inclined upwarde.

Much water moves through the Grand aquifer in the study area
because the aguifer is highly permeable. Also its large thick-
nessy exceeding 50 feet along its axis (fige 10)s+ causes it to
have a high transmissivitys Flow through the aquifer can be esti-
mated by the equation

Q = TIL
where
Q = discharge (gallons per day)
T = transmissivity (gallons per day per foot)
I = hydraulic gradient (foot per mile)
L = width perpendicular to the direction of flow (mile)

Transmissivities were estimated from descriptive and electric
logs of test holes by multiplying the thickness of each unit by
an assigned permeability and summing the productse Typical perme-
~abilities assigned were 100 gallons per day per square foot for
fine sands 500 gallons per day per square foot for gravelly clay,
and 2,000 gallons per day per square foot for sand and gravel.
The average transmissivity was estimated to be slightly less than
100,000 gallons per day per foote the value obtained from a one-
day pumping test of the aguifer (described below).

The results of the flow estimates 1indicate that flow in the
aquifer gradually increases southeastward from the divide 1n nor-
thwestern Edmunds to about 5 million gallons per day in the area
north of the divide in north-central Faulk Countye The water is
discharged eastward into overlying aguifers and till and is even-
tually consumed by evapotranspiration over an area of about 150
square milese.
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Southward flow through the aquifer in southern Faulk County is

estimated to be about 2 million gallons per daye. Flow from
southwestern McPherson County westward into Campbell County is
estimated to be about 4 million gallons per daye Thusy total

discharge from the Grand aquifer in the study area is roughly 11
million gallons per day and is sustained by recharge.

Water Levels

Fluctuations of water levels in wells are caused by fluctua-
tions in the rates of recharge and discharge which change the
amount of water stored in an aquifers water-level fluctuations
in wells in glacial aquifers are both seasonal and long term.
Seasonal fluctuations of water levels are caused by differences
in recharge or discharge throughout the year. Water levels rise
in the springs when recharge from infiltration of snowmelt and
spring rains is greater than discharge by subsurface outflows
evapotranspirations and pumpage. Converselys water levels gener-
ally decline in the summers fally, and wintery when discharge is
greater than recharge. Seasonal water-level fluctuations are
shown in hydrographs (fige 13) for eight wells that are numbered
in order of increasing depthe

The hydrographs for wells ls 2y and 3, all less than 50 feet
deeps generally showed a rise because of increased recharge dur-

ing the springe. The rise was particularly large in 1972 as a
result of heavy precipitation during the previous fall and win-
ter. The subsequent declines were most rapid for the shallowest

well because it penetrates an aquifer that is closest to the sur-
face and most influenced by evapotranspirations The amplitude of
water—-ltevel fluctuations tends to decrease with depthe well 4,
though shallows has little amplitude in fluctuation because it is
in a discharge area and therefore is relatively wunaffected by
changes in rechargee. The hydrographs for wells 6y 74 and 8 in
the Grand aquifer show effects of pumpage. water levels drop
each summer because of i1ncreased pumpage for watering gardens and
lawnse

Long-term changes in water levels can result from a3 series of
years of above-normal or below—-normal precipitation and rechargee.
Such changes can be seen in figure 13 as a gradual decline iIn the
annual peaks and lows in the hydrographs for wells 3, 54 6, and
Be The decline after the extremely wet spring of 1969 probably
is caused both by increased pumpage and decreased recharges
Water levels should rise again during vyears when snowmelt and
precipitation in spring are above normale. The rise in water
level in well 7 in 1970 and 1971 probably was due to locally
higher precipitation and rechargee.
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well Yields

Potential yields of wells (fige 14) can exceed 500 gallons per
minute throughout an area of 130 square milese. This high yield
was estimated for areas where the thickness of the Grand aquifer
(fige 10) exceeds 50 feet. Howevers well yields may be lower in
some areas of 50-foot thickness in northern £dmunds and northern
Faulk Counties that are wunderlain by much fine sand or silty.

clayey sand and gravela. A well in clayey fine sand or gravel in
such localities may not yield much more than 100 gallons per
minutee. In the areas where well yields may exceed 500 gallons

per minutes specific capacities of properly~-constructed wells can
be expected to be as much as 20 gallons per minute per foot of
dr awdowne The specific capacities of wells in low-yield areas
can be expected to range from 10 gallons per minute per foot to
as little as O.1 gallons per minute per foot of drawdown.

A two-day aquifer test {(one day pumping and one day recover-
ing) was conducted on a fully penetrating test well in a 50-foot
thick sand and gravel bed of the Grand aguifer at 118N6BW25ABAA.
The aguifer is artesian at this sites lying at depths of 100 to

150 feet below the surface. Four observation wells, having
static water levels at B feet below land surfaces were spaced
from 22 to 98 feet from the pumped well. The results of an ana-

lysis of the data by the Theis (1935) nonequilibrium method (fige
15) indicates that at this site drawdown for the aguifer should
be less than three feet after 1 year at distances of more than 10
feet from 3 well pumping 114 gallons per minute. The estimates
of drawdown were computed from the values of transmissivity and
storage coefficient (fige 15) determined in the test, Theoreti-
callys drawdown in the aquifer would double if the rate of pump-
ing were doubled and would increase 10 times if the rate of pump~
ing were increased 10 times. Actual drawdown can be a few feet
above or below these estimates at the higher pumping rates
because the drawdown area will expand to the aquifer boundaries
after a few days of pumpinge Because of the large drawdown avai-
lable for the aquifer at this sites there would be dewatering of
only the upper few feet of the aquifer at a well pumping 1,000
gallions per minutee.

Water Quality of Glacial Aguifers

A1l ground water contains dissolved mineral matter that has
been leached from atmospheric dusts soils and rocks The water in
the glacial aquifers in the report area generally is free from
turbidityy less susceptible to pollution than surface watery and
very harde.

CHEMICAL COMPOSITION

Concentrations of ions in ground water fluctuate with recharge
and discharge. Consequentlys differences in the chemical compo-
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sition of water are more easily understood if the concentrations
in milliequivalents per litery of an ion 1s expressed as a per-
centage of anions or cations in a diagram (fige 16)e The numbers
along the margins of the diagrams are percentagesy increasing
from zero to 100 in the direction of the arrowss for calcium
(Ca)e magnesium (Mg)es sodium (Na)s potassium (K)s carbonate
(C03)s bicarbonate (HCO3)s sulfate (S04)y and chloride (CVl).
Large differences in the chemical composition of water from the
glacial aqguifers are caused by areal differences in the percen-
tages of various types of minerals and rocks in soil and glacial
depositse Gypsum is a source of calcium and sulfates limestone
is a source of calciume magnesiumes and bicarbonates and shale is
a source of sodium and chloride i1onse. Bicarbonate i1s also added
to ground water by oxidation and decay of vegetatione

There are large differences in the chemical composition of the
water from glacial aquifers. High percentages of calciums magne-
~sium and bicarbonate ions are characteristic of analyses of sev-
eral water samples from the Spring Creek aquifer (samples ls 2o

and 4) and other aqguifers (samples 8y 94 and 10). Consequently,
these analysis plot in or near the left half of the triangular
and diamond-shaped diagramsSe. In contrasts many of the analyses

of water samples from the Grand aguifer plot in the right third
of the cation trianglesy indicating that the water has a high per~-
centage of sodium ioNnse

The sequence of sample numbers for each aquifer is in order of
increasing depthe Most of the samples from wells less than 100
feet deep have less than 50 percent sodiums with the exception of
wells in the E'm aquifere. As water moves to greater depths and
away from recharge areas sodium percentages tend to increase
because sodium is released from clay minerals by base exchangee.
Water samples from wells which are more than 100 feet deep indi-
cate that sodium in water from the Grand aquifer (samples 14
through 24, fige 16) constitutes more than 50 percent of the
cationse. Some wells in the eastern part of the area yield water
that has high percentages of sodium and chloride {sample 7). One
source of this water is old, deteriorated flowing wells that leak
saline water from bedrock aquifers into glacial aquiferse

The average dissolved-solids concentration of water in the
glacial aquifers is about 1000 milligrams per liter (fige 17)
and exceeds standards set for public water supplies (UeSe Public
Health Servicey 1562). Neverthelesss such water is used for
‘public supplies in many areas where no other water is available.

Concentrations of dissolved solids and major constituents
range widelye. Dissolved solids range from 260 milligrams per
liter in an aquifer at 123N74W24ADD to 34350 milligrams per liter
in the Elm aquifer at 123N67TWLI9CCCD (Pottratz, 1965+ po 12).
Concentrations of dissolved solids are relatively high in the Elm
aquifer because it contains many shale pebbles which have easily
soluble mineralse. The aquifer is shallows SO evapotranspiration
also increases the concentration of dissolved solidse
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The relatively high average concentrations for sodium and
bicarbonate indicate that much of the water is unsuitable for
irrigatione.

Concentrations of nitrate range from 0 to 164 milligrams per
liter but average only 0.5 milligrams per liter. Only 1 of 40
samples exceed the limit of 45 milligrams per liter as nitrate
(NO3) (UsSe Public Health Servicey 1962 ). Although a concentra-
tion near or above this limit indicates pollution of the water,
probably only the immediate vicinity of the well has become pol-
luted rather than extensive parts of the aquifere.

Concentrations of iron and manganese generally exceed stan-
dards set for public water supplies {(UeSe Public Health Servicey
1962). Manganese concentrations above 0.05 milligrams per liter,
and iron concentrations above 0.3 milligrams per liter can cause
staining problems for domestic users and encrustations in pipes
and on well eqguipment.

Most other ions are found in concentrations of less than 2
milligrams per litere Tests for 15 trace constituents were made
of four samplese Cadmiums chromiumes cobalts coppers leads mer-
curys nickely seleniumy silvers and vanadium either were not
detected in the samples or occurred in concentrations of less
than 0.0l milligrams per litere. Concentrations of aluminume
arsenics lithiume strontium, and zinc exceeded this amount
because they are present in many types of soil and rocke None of
the concentrations of trace constituents was sufficiently high to
exceed drinking water standards (Ue«Se. Public Health Servicey
1962}

HARDNESS

Most water from glacial aquifers is classified as very bhards
that iss hardness exceeds 180 milligrams per liter (fige 18).
The figure shows large variations in hardnesss both areally and
with depthe water from several wells in north-central Edmunds
County has a hardness of less than 180 milligrams per liters pro-
bably as a result of base-exchange softening of the water by clay
minerals in shale-rich gravel. In central McPherson County the
hardness of most water exceeds S00 milligrams per liter,y, result-
ing from several processes. Poor surface drainage causes runoff
to collect in depressions and pondse where i1t is evaporated and
increased in hardness before it infiltrates to the water table.
Slow movement of the ground water through poorly permeable till
allows time for further increases in hardness by evapotranspira-
tion before the water can move below the root zone and also
allows time for solution of minerals in the tille. The till con-
tains large proportions of gypsum and carbonate minerals which
increase the hardness when dissolved in watere.

The extreme hardness of water in other parts of the study area
is caused by one or more of these same processes. Hard water is
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unsuitable for many domestics commercials and industrial uses
without treatment because it forms hard scales on boilerss pipess
and water = heaters and reduces the cleaning action of soaps and
detergentse

TEMPERATURE

The temperature of water in the glacial aquifers. averages
about 10 degrees C and ranges from 9 degrees C to 11 degrees C
{see Definition of Terms)s. Temperature increases with depth at a
rate of about 0.5 degree ( per 100 feete.

Bedrock aquifers underying the study area includes in descend-
ing orders the Dakota Formations Fall River Formations Sundance
and Minnelusa Fformationss and the Madison Group and Red River

Formation (fig. 19). Most wells in bedrock tap the first two
formationse The amount of water stored in bedrock aquifers is
estimated at approximately 200 million acre-feeta Much of the

water in bedrock aquifers probably has come from recharge areas
in the Black Hills of western South Dakota (discussed by Hopkins
and Petris 19634 Swensons 1968+ and Schoone 1971).

Dakota Formation

Most artesian wells have been completed in the Dakota Forma-
tions which i1s 50 to 310 feet thicka The aqguifer i1s composed
mainly of many beds of fine-graineds poorly consolidated sand-
stone that c¢an have a total thickness of as much as 240 feet.
The top of the aquifer is 300 to 400 feet below the Greenhorn
Limestoney, a marker bed for drillers 'which has been reported to
yield small amounts of water for domestic and stock needs. The
top of the Dakota ranges in altitude from 455 feet in eastern and
southern Faulk County to 100 feet in the northwestern corner of
McPherson Lounty (fige 20). The depth to the aquifer increases
from B95 feet in eastern Faulk County to 14675 feet in northern
McPherson County because the land surface rises more than 600
feet and the aquifer dips to the northwest 3 to 5 feet per milee.

Artesian wells in the Dakota Formation can have flows of a few
gallons per minute and pressures of up to 10 pounds per square
inch in the eastern part of the area. Wells do not flow on the
high ground in the Coteau du Missouris

DISCHARGE AND WATER-LEVEL DECLINES
About 700,000 acre-feet of water has been discharged by wells
in the Dakota Formation in the study area since 1885, Artesian

pressure decreased as the number of wells and total discharge
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Figure 20. Map showing structure contours on the top of the
Dakota Formation, which decreases in altitude northwestward.
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increasedy and as a result well yields declined. By 1912 disc-
harge was estimated to be 9.000 gallons per minute through 460
flowing wells (South Dakota Planning Boards 1937).

Between 1912 and 1926 the number of wells doubled but their

total discharge decreased to about 8,000 gallons per minutee By
the 1960's many of the wells had stopped flowing and had been
destroyed and replaced by deeper wells. Discharge from the

approximately 600 wells in use in 1970 bhad decreased to about
2,000 gallons per minute or 2.9 million gallons per daye

The decline in water level of wells at Ipswich (123N68wW27)
during 1885-1915 was more than 250 feet (fige 21)e Initially the
rate was 6 feet or more per year; howevers this vrapid drop 1in
pressure was slowed as yilelds of wells declined. Many wells
failed by silting in or by collapse of iron casings which were
rapidly corroded by the salty water. Other factors that may have

reduced the rate of decline include: compaction of the aquifer
and completion of wells in deeper beds in which the water is
under higher pressuree. In these deeper wellsy perforation of

hundreds of feet of casing into the Dakota has tended to equalize
pressure verticallyy, thereby slowing the pressure decline in the
upper sandstone bedse. As a resulty the water level for the
Dakota Formation at Ipswich was approximately the same in 1970 as
in 1913 (fige 21)e

Wwater levels in the Dakota Formation may continue to decline
as pumpage increases and as pressure is reduced in deeper aqui-
fers by additional flowing wells. Howevers water levels iIn six
observation wells showed different trends during 1960-73 (fige
22) . After being cleaned out and recaseds wells 1 and 4 showed
an appreciable recovery in water level and well 3 showed a slight
recoverye Wwater levels appear to have stabilized, probably
because the reduced flow of old, deteriorating wells has compen-
sated for increased pumpage from new wellse The nearly steady
water-level decline in wells 5 and 6 may be due to increased pum-
page but also may be due to gradual deterioration of the well,
either from silting-in or from corrosion of the casing.

MOVEMENT

The Dakota Formation is recharged from underlying strata and
by water moving in from west of the study area. A large amount
of water moves eastward through the Dakota Formation toward the
James River lowlands an area of heavy withdrawals east of the
study area. The direction of movement is generally down the gra-
dient indicated by the potentiometric contours shown 1IN figure
23 The potentiometric surface slopes eastward at about 10 feet
per milee. Total discharge across the 75-mile length of the
1.600-foot contour in the study area is estimated to be 11 mil-
lion gallons per day. This amount of water 1is slightly more than
the estimated minimum discharge of wells tapping the Dakota For-
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Figure 23. Map showing the potentiometric surface of the Dakota
Formation. The surface slopes eastward at about 10 ft./mi.
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mation in the James River lowland east of the study area from T,
116 Neo through Te. 126 N (Hopkins and Petrisy 1963y pe 29)

Fall River Formation

The Fall River fFormations which is composed of sandstone and
shaley, ranges in thickness in the southern part of the study area
from 140 to 360 feetsy but thins to 40 feet at the north end of
the study areae. The top of the aguifer is 650 to 800 feet below
the Greenhorn Limestone marker bed and 350 to 400 feet below the
top of the Dakota Formatione. Wells 1in the Fall River Formation
generally have flows of from S5 to 40 gallons per minute and pres-
sure can  exceed 90 pounds per square inche Flow in excess of
14000 gallons per minute has been reported at Ipswiche

Recharge to the Fall River Formation is by inflow from the
west and by upward leakage from underlying formationse. Movement
1s toward the east and upward 1into the Dakota Formation. The
potentiometric surface generally slopes eastward at about 16 feet
per mile (fige 24)e The amount of water moving eastward across
the entire length of the study area is estimated to total about
58 million gallons per day--about one-half that of the estimated
flow through the thicker Dakota Formatione. The abrupt rise 1in
the potentiometric surface Iin eastern Edmunds County suggests
hydraulic connection there with the underlying Sundance Forma-
tions which contains water under high pressure.

Although observation wells were not available in the study
areas 36 miles to the south the head in two wells which tap the
Fall River and underlying aquifers has declined from 2 to 9 feet
per year during the last 6 to 14 years (Neil Kochy oral communi-
cations 1977).

water levels in the Fall Rijver Formation in the study area
probably are declining because of 1ncreased dischargee. Discharge
through 80 wells in the formation totaled 1,800 gallons per
minute or 26 million gallons per day in 1969-T2 at the surface.
Additional discharge 1nto the overlying Dakota Formation probably
occurs through corroded well casingse [f there 1is no great
increase in future withdrawalss the decline should be slower than
it was for the Dakota Formation because the flow from most wells
is limited by valves that reduce flow to generally less than 10
gallons per minutee. Alsos many wells now have casings that are
resistant to corrosion and prevent leakage into the Dakota Forma-
LiONe

Sundance and Minnelusa Formations
These formationss composed of sandstones shale, and some 1ime-
stones have a combined thickness that ranges from about 140 feet
in the south to about 270 feet in the north part of the study

area. The top of the Sundance Formation 15 400 to 500 feet below
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the top of the Dakota Formatione. Although information is meagers
wells in the Sundance and Minnelusa Formations are reported to
flow more than 100 gallons per minute. In eastern Edmunds
Countys flows from wells tapping caverns or open fractures in
these formations were reported by the well owners to exceed 1,000
gallons per minute before the wells were plugged to avoid flood-
ing farmland and roadss. Pressures of about 200 pounds per square
inch have been measured for wells in  the Sundance Formation;
similar pressures can be expected for wells that penetrate the
Minnelusa Formation. '

The trace of the potentiometric surface of the Sundance Forma-
tion (fige 24) slopes eastward at about 16 feet per mile. Both
formations are recharged from underlying strata and from west of
the study areade Eastward flow is probably larger than that for
the Fall River Formations which amounts to nearly 6 million gal-
lons per. daye. Discharge is by outflow to the easts leakage to
overlying formationss and through wells. In the study area. 13
wells in these formations discharge a total of about 400 gallons
per minute or Oe6 million gallons per day in 1969-72 at the sur-
face.

Madison Group and Red River Formation

The top of the Madison Group (table 2) is about 700 feet below
the top of the Dakota Formations. The Madison Group and Red River
Formation, mostly limestoney are about 370 feet thick in western
Faulk Countys. They thin rapidly eastward and may be absent under
the eastern part of the area. Limestone of the Madison Group may
yield large flows to wells where the limestone is fractured or
Cavernouse. Although data are lackinges artesian oressure may be
higher than in overlying formations if the limestone is the main
conduit by which overlying artesian aquifers are rechargedy as
suggested by recent workers (Swensons 1968, Schoony 1971).

Water Quality of Bedrock Aguifers

Water in the bedrock aquifers contains higher concentrations
of dissolved minerals than does water from the glacial aquiferse
The minerals in the water were dissolved from rock as the water
flowed underground from recharge areas in the Black Hillse Water
from the Dakota Formation 1s soft to very hard, that in deeper
aquifers 15 very harde.

CHEMICAL COMPOSITION

Wwater from bedrock aquifers i1s of two different chemical
typess and plots in two separate areas of the percentage composi-
tion diagrams (fi1ge 25) e The numbers along the margins of the
diagrams are percentagessy 1ncreasing from zero  to 100 1in the
direction of the arrowse for calcium (Ca)s magnesium (Mg}, sodium.
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(Na)es potassium (K)s carbonate (C03)s bicarbonate (HCO3)s sulfate
(S04)s and chloride {C1).

water samples 1 through 3y from the Red River Formations and
those numbered 4 through 8s from the Fall River Formations con-
tain large percentages of calcium and sulfate ions. Therefores
they plot as a group in the upper corner of the total-composition
diagrams, toward the lower left end of the cations triangles and
in the upper corner of the anions triangle. Similarities in com-
position suggest that the Red River and Fall River Formations are
hydraulically connected through the intervening limestone of the
Madison Group (table 2). '

Samples 10 through 16y from the Dakota Formation,s, have higher
percentages of sodium ions than samples 1 through 8. probably as
a result of base exchange. This ~exchange consists of a release
of sodium ions from clay minerals as the minerals adsorb calcium
and magnesium ions from solution. The exchange probably occurs
as water from the Fall River Formation seeps upward through clay
in the Skull Creek Shales Sample 9y a mixture of water from the
Fall River and Dakota Formationses plots in 3 position on the
graphs that is between the two groups of plotted points for the

other types of watero Samples 10 through 13 follow a west-to-
east sequences in the direction of movement of water in the
Dakota Formatione. The shift in the position of points for sam-

ples 10 through 12 indicates that the water becomes higher in
percentages of sodiums bicarbonates and chloride ions as 1t moves
through the Dakotae. The reverse shift for point 13 indicates
that the sample is from an area where there is more leakage 1nto
the Dakota of harde, calcium sulfate type water from underlying
formations.

Concentrations average about 2,000 milligrams per liter for
dissolved solids and exceed 100 milligrams per liter for many
major constituents 1In water from bedrock aguifers (fige 26).

Because of the high average dissolved-solids concentrationss
much of the water is unsuitable for irrigation and also exceeds
standards set for public water supplies (UeSe Public Health Ser-
vicey 1962)s Such watersy howevers 1S used for public supplies in
many areas where no other water is available. High concentra-
tions of sodium (averaging 720 milligrams per liter), bicarbonate
(averaging 600 milligrams per liter), and boron (averaging 5.7
milligrams per liter) indicate that water from the Dakota Forma-
tion is unsuitable for i1rrigatione.

Concentrations of iron and manganese concentrations in water
from the Fall River and Sundance Formations exceeds oON the aver-
agesy standards set for public water supplies and cause problems
of staining and encrustatione.

Calcium and magnesium concentrations in water from the Fall
River and Sundance Formations are high enough to cause hardness
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problems; the water requires softening to be suitable for many
domesticy commercials and industrial usese.

Sulfate and calcium concentrations in water from the Fal)
River Formation and underlying aguifers are high enough to pro-
duce encrustation problemse Sulfate, in combination with sodium
or magnesiums also may cause a bitter taste and laxative effect
in drinking watere. :

Lhloride concentrations in water from the Dakota Formation are
high enoughs in combination with sodium, to give water a salty
taste and make it corrosivee.

Fluoride concentrations in water from bedrock aquifers are
higher than the optimum limit (UeSe Public Health Servicey 1962)
and may cause mottling of children's teeth.

Most minor and trace constituents are present in concentra-
tions of less than 3 milligrams per liter. Tests for 18 trace
constituents were made of three samples. Constituents such as
arsenicy cadmiume chromiume cobalts coppers leads mercurys molyb-
denums nickelsy seleniumy silver, and vanadium either were not
detected in the samples or occurred in concentrations of less
than 0.0l milligrams per litera. Concentrations of aluminum,
bromides i0didesy lithiumy strontiums and zinc exceeded 0.01 mil-
ligrams per liter but none exceeded limits set for drinking water
(UeSe Public Health Servicey 1962).

HARDNESS

The hardness of water from the Dakota Formation ranges from 24
to 818 milligrams per liter and averages about 100 milligrams per
litere Most water samples are from the eastern part of the
report areas where there are many flowing wells in the formatione.
Figure 27 shows that hardness is more than 100 milligrams per
lTiter in part of the eastern and southern arease. The location of
the hardness boundaries (fige 27) is based in part on gualitative
information provided by well owners and drillers regarding water
qualitye. Water which they reported as being soft 1s inferred to
have a hardness of less than 100 milligrams per liter. Data are
shown for wells tapping either the wupper or lower parts of the
Dakota Formatione. The average hardness of water from the two
types of wells 15 used to draw boundaries of hardness zones where
there is a difference in hardness. At many places, water from a
well perforated only in the lower part is harder than that from a
well penetrating only the upper part of the formation. This dif-
ference in hardness fits in with the theory that locally the for-
mation is recharged by much harder water from deeper aquiferss
The eastern area probably has areas of substantial recharge from
underlying strata because of a thinning of the Skull Creek Shale
beneath the Dakota. Also the differential in head between the
underlying formations and the Dakota has increased because arte-
sian pressure has been greatly lowered 1n the Dakota Formation
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while the underlying formations still have high pressuree. The
source of the high pressure and recharge is inferred to be the
Madison Group (Swensons 1368+ pe 179) which pinches out along
the eastern side of the study area.

The irregular shape of the hardness areas may indicate that
recharge from below is unevenly distributed. The northward elon-
gation of the hardness suggests that regional fracture or joint
systems control the recharge. permitting upward movement of very
hard water along openings that can extend for more than 30 miles
in formations underlying the Dakota Formation.

The extremely hard water located in part of Te 122 Ne.s and Te
123 Nes Re 68 We suggest substantial upward flow into the Dakota
along numerous fracturesy through cavernous openings in lime-
stones or through the numerous wells that have penetrated the
underlying formations but also are open to the Dakotae.

In the western half of the area only five water analyses of
water from the Dakota are available because of the lack of wellse.
Howevers a state-wide study of types of water in the Dakota For-
mation {(Schoons 1971y fig. 18) indicates that water from the
Dakota is mostly of the sodium chloride type in the western part
of the study area. Analyses of water samples from the study area
show that the sodium chloride type of water generally has a hard-
ness of less than 100 milligrams per liter.

The hardness of water from the Fall River and Sundance Forma-
tions ranges from 135 to 1+400 milligrams per liter and averages
about 14000 milligrams per liter. Figure 28 shows that hardness
exceeds 400 milligrams per liter in much of the area. In most of
the eastern and southern parts of the area hardness exceeds 800
milligrams per litere. This extremely high hardnesss in contrast
to that of the Dakota Formation, may be due to the formations
being closer tos and having better hydraulic connection withs the
underlying Madison Groupe A1l water from the Madison Group 1S
very hard and high in concentrations of calcium and sulfate ions
(Swensone 1968+ pDa 177). Howells (1978) reports that 70 miles
west of the study area the hardness of water from the Madison 1s
as much as 14400 milligrams per liters

TEMPERATURE

The temperatures of water from wells in the Dakota Formation
range from 14 degrees to 23 degrees C and average 19 degrees (3
those for wells in the Fall River and Sundance Formations range
from 19 degrees to 29 degrees ( and average 24 degrees Ce Temp-
eratures increase with depth at rates of from 0.5 degree to 1
degree C per 100 feet. The highest temperature reported was 29
degrees C for a 14503-foot well in the Sundance Formation
(124N66W24BAB)y a3 "wild" well with a reported high-pressure flow
of more than 1,000 gallons per minute which was uncontrolled for
several years. Geologic information from an oil-exploration test

53



|R. 73 W.‘R 72 wf[R. 71 w|r 70 w|R. 69 w|R. 68 W.|R. 67 W|r 66 w.|

- - -

r

2

B

096/

Well in the

all River o

EormaR;\i/on Number is
: _hardness in

1080 milligrams

* .

. e liter.
Well in the | P&7 "T¢7
Sundance
Formation. _J

Hardness of water
from the Fall
River Formation

0 to
| 400 mg/L

40! to -
800 mg/L 0 6 12 18 24 . 30 MILES
80l 1o 0 & 2 1B 24 30 KILOMETERS

1200 mg/L

Fiyure 28 Map showing the approximate distribution of
71200 to hardness of water from the Fall River and Sundance
1600 mg/L Formations. The hardness exceeds 400 milligrams per
liter in most of the area.




hole 55 miles northeast of the "wild" well indicates that the
flow probably came from formations below the Sundance Formatione

WATER USE

Most of the water used in the study area comes from wellse.
The discharge of wellss both pumped and flowings, was estimated to
average 8.04 million gallons per day during 1970 (table 4).
Three-fourths of the discharge was from bedrock aquifers and the
remainder was from glacial aquiferse. The average discharge in
1969-72 of 782 wells in bedrock aguifers was 5.3 gallons per
minute; that of 14181 wells in glacial aquifers was 1.2 gallons
per minute.

Water use averaged 4.09 million gallons per day during 1970

(table 5). Nearly three-fourths of the use was ground watere.
Use of surface water from streamss, lakess and ponds was estimated
to average 1.09 million gallons per daye. Adding this to the

discharge from wellsy, withdrawals totaled 9.13 million gallons
per day. Less than half of this amount was put to usee. Although
much of the water discharged by flowing wells was wasteds some
was used to supply lakes and ponds used for recreation or wild-
life habitate

Use of ground water and surface water by livestock totaled
3.41 million gallons per day or about 80 percent of the 1970
water use (table 5). Most of the remaining wuse was equally
divided between municipal use and rural domestic use. Irrigation
use in 1970 averaged only 0.07 million gallons per daye.

The water-use estimates were based on population figures and
estimates of average use per capita. Municipal use and rural
domestic use was estimated to average 40 gallons per day per per-
SONe The estimate for municipal use is only about one-fourth of
the national average for cities because the small cities in the
study area do not have large water-using industries and do not
irrigate golf courses and large parkse

WATER-RESOURCE DEVELOPMENT

Development of water resources in the study area has been
extensive but not intensive,. Surface reservoirs and dugouts are
small and widely scattered. Wells alsco are scattered and annual
withdrawals from each well are smalls Nevertheless, these devel-
opments have caused some changes in hydrologic properties such as

runoffs storages water levelsy and water gualitye. Serious
changes 1in these properties can be expected to occur with inten-
sive local development. Optimum development of water resources

requires testing aquifers and estimating their response to more
intensive withdrawals of water. Digital modeling of aquifer res-
ponses to stresss using computers, is a8 common preliminary proce-
dure in planning for intensive development of water resourcese.
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The effects of pumpage on storage. water levels, and the
potential yields of aquifers may be determined by aquifer tests.
Generallyy several test holes are drilled through an aquifer in a
promising area before the construction of test wells and perma-
nent high-capacity wells, Samples are obtained from the test
holes to determine the grain-size distribution of the aquifer.
Information on grain size is used to select the size of openings
for the well screen or slotted casing and to determine if a
gravel pack around the screen would improve the well performance..
An electric log is run in a test hole to determine the best depth
interval at which to set the well screen. A test well should be
pumped at a nearly constant rates preferably of at least 100 gal-
lons per minute for 1 or 2 days in order to determine drawdown of
water levelse. The data can be analyzed to estimate the long-term
effect of pumping on distant wells and to detect aquifer boundar-
tes that may change the rate of drawdowne

Storage in bedrock aquifers in the study area has decreased by
roughly 50,000 acre-feet since wells were first drilled into the
Dakota Formation in the 1880's. The rate of decrease has been
slowed by the decreasing flow of artesian wells. Storage in gla-
cial aquifers has not decreased significantly because pumpage is
Tow and recharge is many times greater than pumpage over a period
of several yearse.

Water levels in the Dakota Formation have declined about 250
feet because the unrestricted flow of wells has reduced artesian
pressure by more than 100 pounds per square incha Similar
declines 1in water levels can be expected for deeper bedrock aqui-
fers unless flows from high-pressure wells are restricted. Water
levels in glacial aquifers have not declined significantlye. The
slight decline in water levels in observation wells during
1972-74 (fige. 13) is a natural temporary trend which follows wet
years when recharge 1s greater than normal so that water levels
are abnormally highs

Excessive water-level declines in and near high-capacity wells
can be avoided by locating and spacing the wells in accordance
with information obtained from aquifer testse.

The quality of water in aquifers generally changes only
slightly in response to natural changes in recharge and water
movemente HoOweversy the water from some wells is reported to have
changed greatlys, becoming saltys very hardy or muddye Such
changes may be due to corrosion and failure of well casings oppo-
site shale or tilly rocks wunits which frequently contain corro-
sive water of poor quality. The quality of water from a well
also can change if the well is perforated in several aquifers.
The perforations allow water from high-pressure aquifers to move
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through the well into low-pressure agquiferse. Water in high-pres-
sure aquifers is extremely hard in the study area and can conta-
minate the softer water in low-pressure aquiferse. Contamination
of wells and aquifers can be reduced by installing well casing
which is resistant to corrosion and by perforating or screening
the wells so that aguifers are not connected through the wells to
sources of contaminatione.

Irrigation can change the quality of ground water if irriga-
tion water reaches the water table. In most places where irriga-
tion is practiced, the concentration of dissolved solids in
ground water has increased (Hopkins and Petriy 1963y pe 55)e
Howevers the dissolved solids will increase only if the concen-
tration in the infiltrating irrigation water is greater than that
in the water in the aquifers. C(oncentrations are increased Iin the
infiltrating water by evapotranspiration and by solution of min-
eralsa The slower the rate of infiltration the greater the
effect of these processes will be. Hences, irrigation of slow-
draining soils eventually leads to increased mineralization of
underlying ground watere.

The principal effect of development on the area's surface
water resources has been the loss of about 2,000 acre~-feet of
water annually by increased evapotranspirationes This has come
about by the construction of numerous dugouts and small reser-
voirs for watering livestocke The construction has increased the
area of surface water by about 14500 acress. Part of the evapo-
transpiration loss on this acreage has been made up by salvage of
runoff which previously left the study area.

SUMMARY

Both surface water and ground water are available in large
gquantities in McPherson, Edmundss and Faulk Counties, but streams
require storage reservoirs in order to be adequate for many uses
{table 1) The South Fork of Snake Creek has the largest supply
of surface water with an average discharge of about 8,000 acre-
feet per yeare Howevery streamflow 1is intermittent and many
water users would need reservoirs or alternative suppliese Lakes
and ponds are shallow and supplies are inadequate for current
municipal and industrial demands during drought years. The qual-
ity of the water is unsuitable for some uses without treatmente

Individual wells can obtain yields of 500 gallons per minute
or more from bedrock aquifersa Howevers high concentrations of
dissolved solidsse sodiums and bicarbonate make water from bedrock
aquifers unsuitable for irrigatione. High hardness and high con-
centrations of dissolved solids. sulfates, 1iron, and manganese
make water from bedrock aquifers unsutitable for some domestic and
industrial uses as well,
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Wells in glacial aquifers can yield more than 100 gallons per
minute but vyields are inadequate for irrigation in many arease.
Howevers aquifer tests may indicate that multiple wells can be
developed where the yield of a single wells is inadequate. well
yields of more than 500 gallons per minute can be obtained from
the Grand aquifer but the water generally is unsuitable for irri-
gation because of high concentrations of dissolved solids,
sodiume and bicarbonate i10onse Excessive hardness and high con-
centrations of iron and manganese make the water unsuitable for
some domestic and industrial uses without treatment,
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