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SHALLOW WATER SUPPLY
FOR THE CITY OF CLARK

INTROJUCTION

On December 2, 1959, the Clark City Council requested the state
(ieological Survey to advise them on the possibilities of a shallow ground
water supply near Clark. In response to this request, the State Geo-
logical Survey sent a field party to Clark to conduct a ghallow ground
water survey from June 15 to July 8, 1960,

The surficial geolegy within an area of about 36 square miles (fig. 1)
was mapped on alr photos by the writer, using tupographic expression
and hand auger borings. Thicknesses of sand and gravel were determined
by 16 holes, drilled with the State Geological Survey's jeep -mounted
auger drill operated by Jerry Schweigert and Mark McDe rmrott. Plane table
traverses were run by LaMont Sorenson and Cleo Christensen of the
Geological Survey, with the assistance of Robert Wagner of Clark. Wag-
ner's services were supplied by the city. An inventory of domestic
farm and stock wells within the Clark area was made (Appendix Bl

The writer profited from the many helpful suggestions of M. J.

Tipton, supervisor of the field project. The writer wishes also to thank

the residents of the Clark area for their cooperation during the progress
of the field work,

PREVIOUS WORK

R. F., Flint (1955) made a reconnaissance study of the glacial deposits

of South Dakota east of the Missouri River, in which the Clark area is
located,

SURFICIAL GEOLOGY OF THE CLARK AREA

As shown by Figure 1, the surficial geology of the Clark area con-
sists of end moraine, ground moraine, outwash and térrace deposits, Xnd
moraine is a ridgelike glacial accwnulation of unstratified clay, silt, sand,
and gravel that was built along the margin of an ice sheet, Ground mor-
aine is glacial deposits of unstratified clay, silt, sand, and gravel of
low relief and is devoid of transverse linear elements, Outwash is strat-
ified silt, sand, and gravel deposited by meltwater, usually in front of
end morailnes,

The outwash within the Clark area varies in width from 1i2 to 4
miles. The northern and southern limits of this outwash lie beyond the
northern and southern boundaries of the mapped area, The thickness
of sand and gravel within the area of the 16 test holes ranges from 4
to 37 feet, with an average thickness of 22 feet. From the test holes,
it has been determined that the thickness of water~saturated sand and
gravel ranges from 3 to 28 feet, with an average of 15 feet, The east-
ern part of the outwash is topographically higher, and does not have
a typicaily flat outwash surface. This problem was not investigated
further at this time, because of its more academic nature,

Clder levels of outwash materials are represented by bench-like
terraces of sand and gravel (Qt) along the western and eastern edges
>f the outwash area.
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GEOLOGY OF GROUND WATER

Ground water may be defined as the water in openings or voids of
a rock formation or sediment below the water table; the water table
thus marks the upper surface of the main body of ground water, The
armount of water held in storage by a reserveir rock, or aquifer, de-
pends on the porosity of the rock, The porosity of a rock is the ratio
of the volume of the openings in the rock to the total volume of that rock
expressed in percent, Forosity of sedlmentary deposits such as the
outwash sand and gravel in the Clark area depends on: (1) the shape
and arrangement of individual particles, (2) the degree of sorting of
the particles, (3) the degree of cementation and compaction of the par-
ticles, and (4) the amount of mineral maiter precipitated by percolating
yround waters.,

Unconsolidated deposits of uniform grain size have high porosity
regardless of the slze of the individual grains, Thus, clays and siits
have high porosity, and sands and gravels of uniform gvaln size have
equally high porosity. A -leposit of different grain sizes, however, has
lower porosity, because the smalier grains occupy the openings be-
tween laryer grains. This variance of yrain size not only reduces the
porosity but also the permeabllity, or the ability of a deposit t> transmit
a fluid, It is to be expected, therefore, that till offers poor prospects
for an adequate city water supply,

Greund water is not confined to '"veins' as is thought by some, but
is present nearly everywhere, The existence of a supply of ground
water 1s controiled hy the behavior of the water table, or upper surface
of the zone of saturation, The water table is not a stationary level sur-
face, but en lrregular surface which, in a general way, reflects the
topography of the land, Daily, monthiy, seasonal, and annuai fluctu-
atlons oi the water table are accepted facts. From a study of the water
table, informaticn about the depth to water, the direction and rate of
flow, and the periodic variations of the depth to water may be obtained
Observaticns of water table fluctuations over a period of years give
Indications of supply and recharge conditions in an aguifer,

Flyure 2 is 2 map showing lines of equail elevation above sea level
on top of the water table, From such a map the Jeneral character of
the water-bearing deposit can be inferred with a fair degree of accuracy.
Close spacing of conteur lines indicates low permeabliiity that is due to fine-
grained materials, whereas widely spaced contour lines Indicate high
permeability that is due to coarse~grained materials,

At any moment the level of the water table represents a condition
of dynamic equllibrium between the rate of recharge and the rate of
discharge of ground water, Recharge is the replenichment of ground
water, which 1s brought about mainly by precipitation in the form of
rain and snow, Dlscharye of ground water refers to the depletion of
water by both natural and artificial means such as evaporation and pump-~
ing of wells,

AVAILABILITY OF SEALLOW GROUND WATER
NEAR CLARK

The most favorable shallow water aguifer near the city of Clark
is the outwash deposit of sand and zravel {fiz, 1), Clark city wells No. 2
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and No, 3;{‘are situated within the outwash, Although Clark city well Nec,1
is also geographicaliy located in the outwash, it produces water from
a deeper zone, probably the Dakota artesian sandstone, Table ]l sum-
marizes the information available on these three wells,

:Table 1. --Data on the Clark Clty Wells

Well Total Well Fumping
Number Depth Diameter Capacity
(feet) {inches) (gpm)
1 511 8 250
2 32 30 220
3 31 24 35

The outwash is 112-4 miles wide; its northern and southern limits
lie beyond the boundaries of the area mapped, Irn and near the city,
the outwash was penetrated by 16 test hcles, the logs of which are given
at the end of this report (Appendix A), On the basis of the test holes,
the thickness of sand and gravel within the outwash ranges from 4 to 37
feet, with an average thickness of 22 feet, The thickness of water-
saturated sand and gravel In the outwash ranges from 3 to 28 feet, with
an average thickness of 15 feet, Measurements in the test holes show
that the water table lles 3 to 20 feet below the ground surface, with
depths of 6 to & {eet being common,

In general, medium-gralned sand and gravel is present northeast,
east, and southeast 0f the city, and fine-~grained sand occurs souin
of the city., The close spacing of contour lines {fig, 2) south of the city
in the NE corner of sec, 13, T, 116 N,, R. 58 W,, the NW corner of
sec, 18, T, 116 N., R, 57 W., and the SW corner of sec, 7. T. 116 N, .
R, 57 W,, indicates an area of low peruaeshbllity thetls dueto thegeiine~
~grained materials; this conclusion is supported by the log of test hole
No, 5 (Appendix A},

.The anomalous low near test hole No, 12 {fig, 2) is apparently due
to a zone of cliay in the interval between 14 and 19 feet deep (see log,
Appendix A),

Ground water movement in the outwash is toward the south, Re-
charge is from precipitation in the form of rain and snow, Discharge
is by evaporation and transpiration, by pumping from wells, and by lateral
underflow of water in the aquifer,

QUALITY OF WATER

Table 2 gives the analyses of water samples taken from wells in
the Clark area, All ground water has some dissolved mineral salts,
but the nature and guantity of the chemical salts in solution may vary
from area to area, and from formation to formation, 3ome dissolved
elements;, such as iron or sulphur, give to water a disagreeable taste
or render the water unfit for certain industrial uses, Among the most
abundant soluble salts in ground water are compounds of Calcium {(Ca),
sodium (Na), and magnesium (Mg), In some localities, celcium and



magnesium may not be present in amounts large enough to affect th=

-taste of water, but can give it a quality called hardness whiih affects -

its domestic and industrial uses, Jround water ordinarily has been filtere::
through the rocks and sediments for various periods of time, before ir
is used; it is, therefore, relatively free from harmiful bacteria, mud,
and other suspended materials, except where modified by local conditions.
The degree of hardness in water is usually expressed in parts of dissolve’
mineral salts per million parts of water, and water containing more tha:
120 parts per million is considered hard.

Table 2, --Chemical Analyses of Water Samples in the Clark Area™

% Parts Per Million Hard-| Total
g ness Solids
& |Ca | Na Mg |Cl [SO4 /Fe |Mn | N | F |pR [CaCOj3
e k% %) 3 500 to -
A |-~ |-~ B50¥* 250%%250%% 0, &%t o | 10%% |1,0%3 -~ | == |00 = {.
B | 44 |e87 )11 201 |979 | Tr. | 0.0 {0.9 {0.4 | -= 157 2252
¢ 134 | 48 |34 | 45 {342 {0.0 | 0.0 |0.2 [0.0 | -- |a75 872
D |149 | 15 | 40 0 {141 [1.0 |0.0{69.5 [0.0 | - |537 962
E 139 400 | 69 | 80 ho7e [1.1 |Tr.|2.2 |0.2 | -- |632 |2136
F [124 |15 |95 | 4 {343 |o.8 {1,0 |1.4 |o.0 | -- |70l 798
G {163 |97 | 81 [107 |487 [0.0 {0.0 [32.,5{0.0 | -~ |[740 |144a |

4* 90

A. U. s. Dept, of Public Health Drinking Water Standards {19€0)

B. City Well (500 feet deep)

C. City Park Well (30 feet deep)

D. Guifey Farm, SWl4 secy 5, T, 116 N., R, 57 W,
E. Gelse Farm, NW}s sec, 18, T, 116 N,, R. 57 W.
F, Benson Farm, SWlj sec, 31, T. 117 N., R, 57 W.
G. Larson Farm, NW}s sec. 32, T, 117 N., R. 57 W.

%Les bgcf‘;tate Chemical Laboratory, Vermillion, S. Dak,, 1960

Of the waters analyzed in Table 1, the sample having the best chem-

‘ical quality is the City Park well (sample C). Water from this well is
hard and has a slightly higher sulfate coptent than is recommended

All of the other samples must be considered poor Quality water, the
poorest belng s@mples B, E and G,

Sample D could be considered a good quaﬁty water except for the
‘extremely high nitrate content, Sample G is also very high in nitrate,
This high nitrate concentratfon could be harmful to both animals and
humans and should be checked immediately by the owners.



CONCLUSIONS AND RECOMMENDATIONS

It is recommended that the city obtain the sexrvices of a commercial
well driller licensed by the State of South Dakota to test further the
productive capacity of the aquifer in the iollowing areas: (1, the NEL
sec, 6, To 116 No, R, 57 W,, (2) the SEW sec, 31, T, 117 N., Ro 57 w.,
and {3} the SWisSEli sec., 6, T, 116 N, R, 57 W,

The above locations are recommended for testing because of the
coarseness of sand and gravel in the test holes, because of the greater
thickness cof water-saturated sand and gravel, and because of high per-
meability displayed on the water table map (fig, 2).

The city should obtain a water permit from the State Water Resources
Commission before any final well installation is made, The State De-~
partment of Heaith should be consuited for bacteriological and chemical
analysis of the water, and for the requirements of well construction,
Finally, it s suggested that the city employ an engineering firm licensed

by the State of South Dakota to plan the construction and development of the
wells.

REFERENCES CITED
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Sent,



APPENDIX A

LOGS OF GEOLOGICAIL SURVEY TEST HOLES ..
IN CLARK AREZ o
(For map locations, see Figure 2)

G. 5. Test Hole No, 1
Surface Elevaticn: 1784 feet
Depth to water: 6 feet

0- 4 clay, black and brown; some cdarse sand
4~ 9 clay, brown; medium to coarse sand, damp
9-14 sand, fine, gray, wet

14-19 sand, medium, wet

19-34 sand, medium to coarse, very wet

34-39 ‘clay, blue

ook s doode ok oAk ok

G. S. Test Hole No, 2 _
Surface Elevation: 1779 feet
Depth to water: 6 feet

0- 4 soil, black; wravel and fine sand
4- 9 sand, fine; lizvht-brown clay
9-14 clay, water

14-19 clay, blue

#o% R oK Rk g koK

G. S, Test Hole No, 3
Surface Elevation: 1791 feet
Depth to water: 15 feet

0- 4 scil, black; gravel and fine sand
4- 9 sand, fine to medium, yeliow
9-14 sand, fine to medium, yellow
14-19 sand, fine to medium, dark gray
19-29 sand, iine, gray, very wet

29-39 clay, blue

d ook % ok % %k %k %

G, S, Test Hole No, 4
Surface Elevation: 1793 feet
Depth to water: 6 feet

0- 4 sand, coarse, brown; gravel; li ht-brown
clay

4-14 clay, light brown, very wet

14-19 clay, blue

% o ok ok W ook ok %



Ge S, Test Hole No, 5
Surface Elevation: 1780 feet
Depth to water: 8 feet

0- 4 o soil, black; medium to coarse brown sand;
S gravel

4- 9 : ~ sandy clay, brown, wet

9-14 sand, very fine, brown, wet

14-19 sand, fine, brown; gray mud

19-24 & sand, very fine, gray

24-29 - clay, blue

BoO%o ok % ko Sk % %
G. 3, Test Hole No, 6
Surface Elevation: 1784 feet

Depth to water: © feet

0- 4 soil, black; gravel

4~ 9 sand, medium to coarse, gray
9-19 sand, coarse
19-24 sand, medium
24-29 sand, medium; blue clay
PO S S - S T I 4

G, S. Test Hole No, 7
Surface Elevation: 1787 fewt
Depth to water: 8 feet

0- 4 " soll; gravel and sand
4- 9 : gravel

9-24 sand, coarase

24-34 S clay, blue

G. 3. Test Hole No, 8
Surface Elevation: 1782 feet
Depth to water: 3 feet

0- 4 soil, black; clay and gravel
- 4-19 sand, coarse; water '
19-24 clay, blue

L S A

- G. 3. Test Hole No. 9

Surface Elevation: 1826 feet
Depth to water: ---

0- 4 : : gravel .
4- 9 - gravel and sand
9-19 S0 sand, coarse; gravel
19-24 - clay,.brown and blue

ook % % ok % %



G, S. Test Hole No, 10
Surface Elevaticn: 1799 feet
Depth to water: 12 fect

0~ 4 ) clay, light brown

4- 9 sand, rnedium to coars.; gravel
9-~14 snnd, medium to coarse

14-19 gravel

19-24 sand, fine to medium

24-29 sand, fine, wet

29-34 sand, fine; blue clay

Food ok e sk ok

5. 5. Test Hole No, 11
Surfiace Elevation: 1789 fcet
Depth to water: 8 feet

0- 4 soil, black; fine sand
4- 9 . sand, medium; gravel
9-14 sand, coarse; gravel
14-19 sand,; coarse, damp
19-24 sand, coarse, wet
24-29 clay, blue

R

G. S5, Test Hole No, 12
Surface Elevation: 1792 feet
Depth to water: 20 fzet

0- 4 soil, black; gravel

4 9 sand, coarse; gravel
9-14 gravel

14-19 clay, brown; medium sand
19-29 sand; brown, wet

29-39 sand, fine, gray, very wet
39-44 clay, blue

- N RS

G. S, Test Hole No., 13
Surface Elevation: 1789 feet
Depth to water: 10 feet

0- 4 soll, black; fine sand. with clay
4- 9 sard, fine, brown and gray '
9-14 sand, fine to medium, very wet
14-19 sand, fine to medium

19-24 clay, blue

IR T



G, S. Test Hole No, 14
Surface Elevation: 1788 feet
Depth to water: 8 feet

0- 4 gravel

4- 9 gravel and coarse sand

9-14 gravel and coarse damp sand
14-19 sand, coarse, wet

19-24 . sand, fine, gray, very wet
24-29 - clay, biue

G, S. Test Hole No, 15
Surface Elevation: 1787 feet
Depth to water: 7 feet

0- 4 soil, black; fine to medium sand
4~ 9 sand, coarse; gravel

9~14 clay, brown; coarse damp sand
14-19 sand, fine, gray, wet

19-24 sand, fine, brown, wet

24-29 sand, fine, gray; blue clay
29-34 clay, blue

o¥ ok ow koA sk oK

G. S, Test Hole No, 16
Surface Elevation: 1797 feet
Depth to water: 16 feet

0~ 4 soil, brown; gravel

4- 9 gravel; fine sand with clay
9-14 5 gravel; fine sand with clay
14-24 i gravel
24-324 sand, coarse; gravel
34-39 clay, blue

L T R
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