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INTRODUCTION

This report contains the results of a special ground-
water investigation conducted by the South Dakota Geological
Survey in the portion of Union County which lies south of Elk
Point. The investigation included the drilling of 60 test holes
(figs. 1, la, and app. A), the installation of 41 observation
wells (observation wells have the same numerical designation as
the test holes into which they were placed) (figs. 1 and 1la,
and app. A), collecting and analyzing 59 water samples (fig. 2,
app. B, and table 1), taking 8 core samples from the bottom of
McCook Lake (fig. 3 and app. C), and making a well inventory
(app. D). Also, small scale pump tests were conducted to try to
induce recharge from the Missouri and Big Sioux Rivers into the
adjacent sediments.

This project was financed by the South Dakota Geological
Survey, the East Dakota Conservancy Sub-District, Union County,
the cities of Elk Point, Jefferson, North Sioux City, and the
McCook Lake Sanitary District.

The investigation was divided into two parts. One part was
to analyze the problem of the decline of the water level in
McCook Lake and the other part was to attempt to find a suit-
able source of water from which Elk Point, Jefferson, North
Sioux City, and the McCook Lake Sanitary District could obtain
their water supply.

The township-rang; grid system used in South Dakota is
different from that used in Nebraska. Due to the course changes

of the Missouri River that have occurred since the original
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survey of the area, which was made in 1860, part of South
Dakota is now included in the Nebraska grid systeﬁ. The bound-
ary between the two systems is not presented cleariy enough

on any map to permit obtaining an accurate township-range-
section location of the individual test holes drilled within
the area contained in the Nebraska grid system. To make the
locations of the test holes easier to.obtain, the South Dakota
grid system was extended to cover all land north of the Miss-
ouri River. All maps were drawn and all locations are based on

the South Dakota grid system.

McCOOK LAKE

McCook Lake has been experiencing a decline in water
level. The questions that needed answering were:

(1) Where is the water from McCook Lake going?

(2) Is the lake being recharged by ground water?

(3) What effect will dredging the bottom of the lake

have on the water level in the lake? and,

(4) Why is the water level in the lake declining?

Thirty observation wells were installed in the immediate
McCook Lake area (fig. la) to determine the direction of ground-
water movement. The water levels in these 30 observation wells
were measured seven times from May 16, 1978, to August 11,
1978,Sapp. E). These measurements were used to make water table
contour maps (app. F). There was no water table contour map
made using the 6-6-78 observation well measurements due to the

lack of exact water levels for McCook Lake, the Missouri River,
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and the Big Sioux River on that date. From these contour maps
it can be seen that the lake is being recharged from the north
and east and that it is discharging to the west ana south.
Water discharging from the lake enters the ground-water system
and migrates in a southerly and/or southeasterly direction and
eventually discharges into the Missouri or the Big Sioux River.

Eight core samples were taken from the bottom of McCook
Lake (fig. 3 and app. C). These cores were taken to determine
the thickness of silt on the lake bottom. Where present, the
silt will act as an aquitard to ground-water movement which
means the loss of water through the bottom of the lake into
the ground-water system should be the slowest where the thick-
est accumulation of silt occurs. Varying thicknesses of silt
were found at the different core sample locations with the
greatest thickness observed being 166+ inches in core number
8. There was no silt layer present at all in core.number 1.

If there had been a thick layer of silt throughout the
entire bottom of the lake, then the possibility would have
existed that the lake level was not in equilibrium with the
ground-water table. If the case had existed where the lake
level was higher than the ground-water table, then upon dred-
ging and penetrating through the silt into the underlying
sand, the lake level would have lowered until equilibrium with
the durrounding ground-water table was reached. From the eight
cores that were taken,*the observation well measurements, and
the water quality of the lake, it is seen that the lake is in
equilibrium with the ground-water table. Also, a high concen-

11



tration of dissolved solids would have been noted in the lake
water had the lake been "sealed off" from the ground-water
system. Instead, it was noted that the lake water was com-
parable to the Missouri River water (table 1, samples W57, W58,
and W37) apparently due to the pumping of Missouri River water
into the lake and the flushing of lake water into the ground-
water system.

Between May 16, 1978, and August 14, 1978, 1671.53 acre
feet of water was pumped into McCook Lake by the McCook Lake
Improvement Association in an attempt to raise the water level.
During that period of time, there was 0.80 feet of precipi-
tation and 1.57 feet of evaporation resulting in a deficit
of 0.77 feet. On May 16 the elevation of the water in the lake
was 1089.32 feet and on August 14 it was 1090.36 feet. If no
water had been pumped into the lake and no recharge from the
ground-water system had occurred, the lake level would have
dropped 0.77 feet to an elevation of 1088.55 feet (fig. 4).

In reality if there had been no pumping, the lake level would
not have dropped this far because there would have been
recharge from the ground-water system.

The exact size, in acres, of McCook Lake is not known
at the time of this report because there was no map avail-
able showing the present size of the lake. According to a
7.5 minute series topographic map published by the United
States Department of the Interior, Geological Survey, in 1963,
the size of McCook Lake was larger then than it is now. The

lake size shown on that map is approximately 323 acres. The

12
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approximate size of the lake at present is 183 acres. This
smaller size was determined by comparing the present shore-
line with the one shown on the 1963 map. Assuming a lake size
of 323 acres, no discharge of lake water into the ground-water
system, no recharge of ground water into the lake, and taking
into account the precipitation, evaporation, and pumping of
water into the lake, the water level should have risen 4,41
feet to an elevation of 1093.73 feet between May 16, 1978, and
August 14, 1978. Instead the observed rise was only 1.04 feet.
This means that 1088.51 acre feet of water was lost tﬁrough
the bottom of the lake into the ground-water system or, in
other words, only 34.88 percent of the water pumped into the
lake was retained. Assuming a lake size of 183 acres, the lake
level should have risen 8.36 feet to an elevation of 1097.68
feet. Again, the observed rise was only 1.04 feet. In this
case, it means that 1339.56 acre feet of water was lost through
the bottom of the lake or, in other words, only 19.86 percent
of the water pumped into the lake was retained (fig. u).

It is thought that if the lake bottom was dredged the
only effect that would be noticed would be that the lake level
and the ground-water level would reach equilibrium more rapidly
than they do now after a change in the lake level or ground-
water level has taken place. This means that any water pumped
into?%he lake to supplement normal precipitation would be
lost more rapidly into*the ground-water system.

The decline of the water level in McCook Lake is due to

the down-cutting or bed degradation of the Missouri River.
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The bed degradation has been accelerated by the increased
erosion caused by water releases from Gavin's Point Dam and
the stabilization of the river banks.

With the banks of a river made resistant to erosion by
bank stabilization most of the erosive energy of the river is
spent on the river bottom. Any river has a certain amount of
energy capable of moving a certain amount of sediment. Both
the river banks and bottom serve as a source for the sediment
but if the river banks are taken away as a source by bank
stabilization, then the river bottom becomes the sole source
for sediment. In this case, the river will erode the bottom
more vigorously in order that the energy of the river and the
amount of sediment carried by it approach equilibrium condi-
tions. Conversely, if the river bottom was made resistant to
erosion the river would migrate laterally more rapidly than
normal.

The presence of the dam increases erosion by the river
downstream by reducing the sediment load in the water released.
As water enters the reservoir created by the dam its velocity
decreases which allows sediment to settle out of the water.
After the relatively sediment free water leaves the reser-
voir, it erodes in order that river energy and sediment loa&
can begin to approach equilibrium. Considering all other
fact;rs equal, the less sediment a river contains the more

»
capable it is of eroding.

Also, because the reservoir behind Gavin's Point Dam is
able to accommodate the seasonal increases in runoff there

15



is not the usual flooding which is associated with uncontrolled
rivers. This has two obvious impacts on the downstream environ-
ment. There is not any recharge to the floodplain équifer by
flood waters passing over it and there is no addition of silt
deposits that are associated with flooding. The recharge of

the aquifer by the flood waters would have been a short term
situation wherein water levels would have most likely declined
rapidly to pre-flood levels, thus having little overall effect
on the level of McCook Lake. The deposition of silt by the
flood waters, however, would have decreased the lake depth

and increased the rate at which a marsh type environment be-
came dominant in McCook Lake.

The degree to which bed degradation has been increased by
bank stabilization and Gavin's Point Dam and the degree to
which silt deposition has been reduced by Gavin's Point Dam
cannot be determined with the information at hand. It is cer-
tain, though, that even without man-made modifications to the
river environment, there would have been bed degradation in
the Missouri River.

The Missouri River is, generally speaking, the lowest
level of the water table. When bed degradation occurs, the
river and water table levels are lowered accordingly and
consequently so is the lake level. This relationship is

illu¥trated in Figure ‘5.

WATER SUPPLY

Water samples were taken from 32 private wells scattered

186
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throughout southern Union County (fig. 2, app. B, and table 1).
Thirty of these samples exceeded the recommended limit for
manganese and 25 exceeded the recommended limit fof iron. Two
samples exceeded the recommended limit for nitrate but this is
not an area-wide problem. However, the water analyses show that
high concentrations of iron, manganese, and hardness in the
water is a problem common to all of southern Union County.

The Missouri River, however, is of better quality (table
1, samples W37 and W58) than the ground water in southern Union
County. The river water contains, on the average, about 4.3
parts per million (ppm) less iron, about 1.3 ppm less mangan-
ese, about 446 ppm less total dissolved solids, and about
396 ppm less hardness than does the ground water. These numbers
were arrived at using the water analyses in this report.

The Big Sioux River is also of better quality than the
ground water (table 1, sample W59) but because of the vari-
ability in stream flow and the associated variablity in
chemical quality it was not considered as a viable source of
water,

Test holes were drilled and some observation wells were
installed along the Missouri River (figs. 1 and la) to deter-
mine if permeable sediments were in contact with the river and
to find out to what extent the river water was affecting the
qual?ty of the nearby ground water. The results show that
there are permeable sediments all along the river and that the
river has not substantially affected the ground-water quality

because most of the time the ground-water gradient is towards

18



the river except when discharge from Gavin's Point Dam is
increased to a point where the river is at a higher level than
the ground-water table.

Three 4-inch diamter wells were installed at different
points along the Missouri River (fig. 1, test holes 58, 59
and 60) and pumped with air for a few hours, with water samples
being taken at regular intervals, to try to induce recharge
from the river into the ground adjacent to the river. Obser-
vation well number 58 was pumped for 4 hours during which time
the iron content increased from <0.05 ppm to 1.88 ppm and the
manganese content increased from 1.77 ppm to 2 ppm (table 1,
samples W42, W43, Wu4, W45 and W46). Observation well number
59 was pumped for 2 hours during which time the iron content
remained at <0.05 ppm but the manganese content rose from 1.3
ppm to 1.92 ppm (table 1, samples W47, W48 and W43). Observa-
tion well number 60 was pumped for 3 hours during which time
the iron content remained at <0.05 ppm and the manganese con-
tent increased from 3.2 ppm to 3.7 ppm (table 1, samples W50,
W51, W52, and W53).

It is believed that the method used to pump these three
observation wells did not pump water at a high enough rate
and/or the duration of the pumping was not long enough to in-
duce the desired recharge from the Missouri River into the
adjézent ground. Of these three wells, number 59 had the best
quality water in term; of iron and manganese. As a consequence
this well was pumped again but for a longer time. The second

time it was pumped for 6 hours during which time the iron
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content increased from <0.05 ppm to 0.1 ppm and the manganese
content increased from 1.5 ppm to 2.1 ppm (table 1, samples
WS4, W55 and W56). At the end of 6 hours the drawdown in the
well was 0.51 feet. Again, the desired recharge from the river
was not achieved as is shown by the high manganese content.

A temporary observation well was installed at the con-
fluence of the Big Sioux and Missouri.Rivers along the shore
of the Big Sioux. The well was 10 feet deep and was pumped
once for 3 hours and again, at a later date, for 7 hours at
approximately 10 gallons per minute. During the 3-hour in-
terval the iron and manganese content rose from initial values
of 0.53 ppm and 0.97 ppm to 1.6 ppm and 1.8 ppm, respectively.
At the beginning of the 7-hour interval the iron and manganese
values were 1.0 ppm and 3.2 ppm, respectively. After 7 hours
of pumping the iron and manganese values were 2.4 ppm and 1.8
ppm, respectively. During this second interval of pumping the
values show a decrease in manganese content rather than an in-
crease. This trend of a decrease in manganese content is
opposite that observed the first time this well was pumped and
is opposite that observed in any other observation well. The
reason for this change in trend is not known.

At this site, a sample of sand into which the well was
placed and a sample of mud from the bottom of the Big Sioux
Rive; were taken. These two samples were then checked as
possible sources for i;on and manganese. Each sample was mixed
with Vermillion city water which had <0.05 ppm iron and <0.05
ppm manganese. After 23 hours of continuous mixing the water

20



mixed with the sand sample increased in iron content to 0.25
ppm while the manganese content remained the same. After 30
hours of continuous mixing the water mixed with the mud sample
increased in iron content to 0.06 ppm and increased in mangan-
ese content to 3.6 ppm. The sand, then, appears to be a source
of iron and the mud appears to be a source of manganese.

Near the site of observation well 59 a temporary horizon-
tal well was installed at a depth of 3 feet below the river
level and immediately adjacent to the river. After pumping the
well with air for 7 hours both the iron and manganese contents
remained low; 0.03 ppm iron and 0.05 ppm manganese. This hori-
zontal well was the only observation well which yielded water
with low amounts of both iron and manganese. Thié was due to
the almost immediate recharge of the sand surrounding the well
by the Missouri River.

It is possible to induce recharge from the Missouri River
with a properly designed and placed well pumping at a high
enough rate. The amount of water needed to be pumped from a
well to achieve this recharge will increase with the depth of
the well and the distance from the river. Therefore, the
shallower the well and the closer it is to the river, the

easier it will be to achieve the recharge.

> RECOMMENDATIONS
It is recommended that a test site be chosen along the
Missouri River and two pump tests be conducted. The difference

between the two tests should be that the production well should
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be vertical in one test and horizontal in the other. Frequent
tests on water quality will show how long it takes at the
particular pumping rate for the induced recharge té reach the
well. These tests will help to design proper wells that could
yield water indirectly from the river.

Before permanent wells are drilled, the proper officials
should contact the O0ffice of Water Rights, Department of Water
and Natural Resources, to obtain water rights and a permit to
drill the wells, and the 0ffice of Water Quality, Department
of Water and Natural Resources, to determine the biological

and chemical suitability of the water.
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APPENDIX A

TEST HOLE LOGS .
(for map locations, see figs. 1 and la)

All elevations have been estimated using
a 7% minute topographic map and are pre-
sented in feet above mean sea level.

Observation wells have the same numerical
designation as the test holes into which
they were placed.

Test Hole 1

Location: SWX%SWX%SWxNW% sec. 15, T. 89 N., R. 48 W,
Date Drilled: August 11, 1977

Elevation: 1095

0- 15 Silt, brown, clayey, sandy, fine
15- 41 Silt, brown to gray, some coal, sandy, medium to
fine
4l- Su Silt, black, compact, greasy, sandy
S4- 61 Gravel, medium, subrounded
61- 69 Silt, brown, and sand, fine
69~ 77 Gravel, medium, angular to subrounded
77- 98 Till, black, clayey, sand, medium
98-107 Gravel, medium, subangular to subrounded, some
till
107-114 Mudstone?, brown
114-135 Gravel, fine to medium
135 ?, soft, not gravel or sand
£ ok ok %

Test Hole 2

Location: SE%SE%SE%SW% sec. 16, T. 89 N., R. 48 W,
Date Drilled: August 12, 1977

Elevation: 1094

0- 2 Topsoil, black

2- 14 Sand, light-brown, fine to very fine, clean

luy- 28 Sand, light-gray, fine, rounded, clean

28- 32 Interbedded silt, light-gray, and sand, fine,
¥ rounded

32- 52 Silt, lig%t—gray, clayey

52- 53 Lignite, black, hard

53- 62 Silt, light-gray, clayey, sandy, fine

62- 64 Lignite, black, hard _

B4~ 34 Gravel, medium to coarse, subrounded to sub-

angular
94-110 Silt, gray, clayey
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Test Hole 2 -- continued.

110-120 Gravel, medium, subrounded to subangular
120 Hard layer, like slate or shale, impossible to
drill through, abandoned hole

Observation well: 100 feet of casing; slotted from
62 feet to 94 feet

O .

Test Hole 3 ;

Location: NEXNEX%SWXNWY% sec. 21, T. 89 N., R. 48 W.
Date Drilled: August 12, 1977

Elevation: 1098

0- 2 Topsoil, black
2- 9 Sand, fine, rounded
9- 11 Silt, brown, clayey
11- 17 Silt, gray, compact
17- 34 Sand, fine, rounded
34- 36 Sand, fine with some coarse, some coal
36- 72 Silt, gray, compact, some sand, medium
72- 99 Gravel, medium to fine, much sand, fine to medium
99-114 Silt, gray, some coal, sand, fine
114-134 Gravel, fine to medium, subrounded to rounded

Observation well: 100 feet to casing; slotted from
72 feet to 99 feet

LR I

Test Hole 4

Location: NE%XNW%SE%SE% sec. 4, T. 89 N., R. 48 W,
Date Drilled: August 15, 1977

Elevation: 1109

0- 2 Topsoil, black
2- 12 Silt, light-brown grading to light-gray, clayey
12- 14 Sand, light-brown, fine to very fine, silty,
clayey
14~ 20 Clay interbedded with silt, dark-brown to gray
20- 4y Clay, gray, soft
bh- 71 Silt to clay, gray, interbedded with sand, fine
to medium, rounded
71- 73 Gravel, fine to medium, subrounded to subangular
73> 7y Lignite, black, hard
T4=128 Gravel, medium to coarse, subrounded to subangular
128-150 Till, light-brown, oxidized??, gravelly

Observation well: 120 feet of casing; slotted from
71 feet to 120 feet

0% N 0%
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Test Hole 5

Location: NWXNEXNEXLNEY% sec. 16, T. 83 N., R. 48 W,
Date Drilled: August 17, 1977

Elevation: 1094

0- 1 Topsoil, brown

1- 6 Sand, red-brown, fine to very fine, rounded
6~ 27 Sand, gray, fine to very fine

27- 55 Silt to very fine sand, gray, clayey

55- 63 Gravel, fine to medium, rounded to subrounded
63- 70 Silt, gray, clayey

70-127 Lignite, black, hard, some gravel, medium,

rounded to subrounded, intermittent layering
or intermixed
127-150 Clay, gray, unoxidized

Observation well: 130 feet of casing; slotted
from 70 feet to 127 feet

% % %

Test Hole 6

Location: NWYXNEXNEYLNEY% sec. 16, T. 89 N., R. 48 W,
Date Drilled: August 17, 1977

Elevation: 1094

0- 1 Topsoil, black

l1- 6 Sand, fine, some silt, brown

6- 17 Silt, gray, much sand, fine
17- 37 Silt, gray, clayey with sand, fine
37- 60 Silt, gray, very clayey

Observation well: 60 feet of casing; slotted
from 3 feet to 60 feet

k% f %

Test Hole 7

Location: NEXNW%SE%SEX% sec. 4, T. 89 N., R. 48 W,
Date Drilled: August 17, 1977

Elevation: 1108

0- 3 Silt, dark-brown, very compact and clayey
3- 14 Silt, light-brown, compact, clayey
lu- 35 Silt, light-brown, very soft, clayey

35—, 50 Clay, gray

Observation well: 50 feet of casing; slotted
from 5 feet to 50 feet

S N R
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Test Hole 8 _
Location: NW%NEXNW%NE% sec. 10, T. 89 N., R. 48 W.
Date Drilled: August 19, 1977

Elevation: 1106

0- 35 Silt, brown, very clayey
35- 43 Clay, gray to brown, very soft
43- 66 Clay, gray, compact
66- 71 Clay, gray, compact, some sand, medium to
fine
71- 79 Gravel, fine to coarse, and sand, coarse to fine,
some coal
79- 95 Clay, light-brown, some sand, medium
95-103 Coal, clay, gray, some sand, medium
103-14y Gravel, fine to medium, with silt, gray, clayey,
in intermittent 1l-foot layers
1442160 Bedrock?, hard

Observation well: 140 feet of casing; slotted
from 113 feet to 138 feet

* % % %

Test Hole 9

Location: NWXNEXNWLXNEX% sec. 10, T. 89 N., R. 48 W.
Date Drilled: August 22, 1977

Elevation: 1106

0- 34 Silt, brown, clayey, soft

34~ 42 Clay, gray to brown, very soft

42- 63 Clay, gray, compact

63- 72 Clay, gray, compact, some sand, medium

72- 75 Gravel, fine to coarse, and sand, coarse to fine

Observation well: bottom of well at 75 feet;
slotted from 67 feet to 70
feet - sandpoint from 70
feet to 75 feet

L I

Test Hole 10

Location: SWXSW%SW%SW% sec. 34, T. 90 N., R. 48 W.
Date Drilled: August 22, 1977

Elevation: 1105

0-s 1 Topsoil, dark-gray, silty

1- 45 Clay, light-gray, silty

45~ 64 Clay, gra¥, silty

fu- 71 Gravel, fine to medium, some coal
71- 85 Clay, gray, silty, pebbly

85-1u4C Gravel, fine to medium, some coal
140-1u4y Gravel, coarse
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Test Hole 10 -- continued.

144-148 Silt, gray
148-155 Sandstone, yellow to gray
155-157 Sandstone, yellow, fine

Observation well: 140 feet of casing; slotted
from 390 feet to 140 feet

® % % &

Test Hole 11

Location: SWkSWhSWxSWs sec. 34, T. 90 N., R. 48 W.
Date Drilled: August 23, 1977

Elevation: 1105

0- 3 Topsoil, black, clayey

3- 42 Silt, brown, clayey
42- 61 Silt, black to gray, clayey
61- 65 Gravel, medium, subrounded

Observation well: bottom of well at 65 feet;

sandpoint from 60 feet to
65 feet

L I

Test Hole 12

Location: SWXSWYXNWYXNW% sec. 3, T. 89 N., R. 48 W
Date Drilled: August 23, 1977

Elevation: 110u

0- u5 Silt, gray to brown, clayey
45~ 65 Silt, gray, clayey
65-102 Gravel, medium, subrounded
102-112 Silt, gray, clayey
112-115 Gravel, medium to coarse
% % %

Test Hole 13

Location: SWkSWkNWXNWX% sec. 3, T. 89 N., R. 48 W,
Date Drilled: August 23, 19377

Elevation: 1105

0-,1 Topsoil, gray, silty

1- 42 Clay, light-gray, partially oxidized, silty
42- 66 Clay, gray, silty

66- 95 Gravel, fine to medium, some coal
95~ 97 Silt, gray

Observation well: 95 feet of casing; slotted
from 75 feet to 85 feet

ok % R
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Test Hole 1u

Location: SWxSW%SW%SWk sec. 4, T. 89 N., R, 48 W,
Date Drilled: August 24, 1977

Elevation: 1107

0- 2 Topsoil
2- 14 Silt, brown, clayey
l4- 21 Sand, dark-brown, fine to medium, subrounded
21- 38 Silt, light-brown, clayey
38- 58 Sand, fine with some coarse, subrounded, a
small amount of fine gravel
58~ 65 Silt, gray to brown, clayey, some sand
65- 93 Sand, fine to medium, some fine gravel
g93- 95 Gravel, lost circulation, abandoned hole

ECE I S

Test Hole 15

Location: SWSW%SW%SW% sec. 4, T. 89 N., R. 48 W,
Date Drilled: August 24, 1977

Elevation: 1107

0- 2 Topsoil, black

2- 13 Silt, brown, clayey
13- 21 Sand, dark-brown, fine to medium
21- 38 Silt, brown, clayey

38~ 55 Sand, fine to coarse

Observation well: 55 feet of casing; slotted from
18 feet to 20 feet and from 45

feet to 55 feet

I

Test Hole 16

Location: SEXNWY%SEXNWY% sec. 9, T. 89 N., R. 48 W,
Date Drilled: August 24, 1977

Elevation: 1093

0- 56 Sand, very fine

56- 68 Clay, gray, silty

68~ 70 Coal

70-110 Sand, coarse, and gravel, fine

% % K &

Test*Hole 17

Location: NE%XNEX%SWXNW% sec. T. 83 N., R. 48 W.
Date Drilled: August %3 1977

Elevation: 1104

0- 1 Topsoil, gray, silty
1- 10 Clay, gray, silty
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Test Hole 17 -- continued.

10~ 17 Sand, fine
17- 42 Clay, brown, silty, sandy
42- 70 Clay, gray, silty, with gravel stringers
70~ 80 Sand, medium to coarse, silty
80-115 Gravel, fine to medium
115 Sandstone, very fine, cemented

EE I

Test Hole 18

Location: NWXNWXNE%SEY% sec. 21, T. 89 N., R. 48 W,
Date Drilled: August 25, 1977

Elevation: 1105

0- 1 Topsoil, brown, sandy
1- 4y Sand, fine
Ly~ 74 Clay, gray, silty, with thin gravel beds
Th=147 Gravel, fine to medium
147 Sandstone, very fine, cemented
* k& %

Test Hole 19

Location: NW%NWXNE%SEX% sec. 21, T. 83 N., R. 48 W,
Date Drilled: August 26, 1977

Elevation: 1106

0- 1 Topsoil, sandy
1- 45 Sand, brown, fine

Observation well: 48 feet of casing; slotted
from 13 feet to 48 feet

2 % & &

Test Hole 20

Location: SWXNWXSEXNWY% sec. 9, T. 89 N., R. 48 W,
Date Drilled: August 26, 1977

Elevation: 1093

0- 45 Sand, fine

Observation well: 50 feet of casing; slotted
from 10 feet to 45 feet

ale ofa ots ata
" w "~ E

Test Hole 21

Location: NW%SWXNEXNEX% sec. 9, T. 89 N., R. 48 W.
Date Drilled: August 29, 1977

Elevation: 1098
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Test Hole 21 -- continued.

0- 30 Silt, brown, clayey, sandy
30- 64 Sand, fine, very silty
b4~ 71 Gravel, fine to medium, sandy
- 71-101 Gravel, medium to coarse
101-111 Silt?
111-136 Gravel, medium
136-150 Bedrock??, soft

Test Hole 22

Location: NWXSWXNEXNEX% sec. 9, T. 89 N., R. u8 W,
Date Drilled: August 30, 1977

Elevation: 1100

0- 30 Silt, brown, clayey, sandy
30- 56 Sand, fine, very silty

Observation well: bottom of well at 56 feet;
slotted from 11 feet to 56
feet

EONE SO I

Test Hole 23

Location: NWXSEXNWXNEYL sec. 9, T. 89 N., R, 48 W,
Date Drilled: August 30, 1977 _

Elevation: 1099

0- 51 Sand, fine
51- 72 Silt, brown, clayey
72-101 Gravel, medium, subrounded
101-122 Sand, brown, fine
122-145 Gravel, medium, subrounded

EOE R ]

Test Hole 2u

Location: SWxSWxNW%SEX sec. 23, T. 89 N., R. 49 W,
Date Drilled: August 31, 1977

Elevation: 1103

0- 4 Sand, fine

b- 11 Silt, brown, clayey, sandy, fine

11-,22 Sand, brown, fine

22- 36 Sand, black, fine

36- 70 Sand, blatk, fine, and silt, black to brown, 50
: percent sand and 50 percent silt

70- 83 Gravel, medium, round to subround

83-115 Clay, white to gray (chalk?)

X k %k %
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Test Hole 25

Location: SE%SEXNEX%SW% sec. 23, T. 89 N., R. 49 W,
Date Drilled: August 31, 1977

Elevation: 1102

0- 3 Sand, fine
3- 11 Silt, brown, clayey, some sand
1l= 23 Sand, brown, fine
23~ 72 Sand, black, and silt, dark-gray, 50 percent sand
and 50 percent silt
72- 77 Gravel, medium

Observation well: bottom of well at 77 feet;
slotted from 17 feet to 77
feet

EE I I

Test Hole 26

Location: NWX%SW4%XNWXNEY% sec. 24, T. 89 N., R. 49 W,
Date Drilled: September 1, 1977

Elevation: 1094

0- 1 Topsoil
1- 54 Sand, brown, fine, with brown clay lenses
54~ 57 Sand, coarse to gravel, fine
57- 75 Sand, coarse to gravel, medium, in alternating
l- to 2-foot thick layers
75-103 Gravel, fine to coarse
103-125 Chalk, white

Observation well: bottom of well at 97 feet;
slotted from 72 feet to 97
feet

* % % %

Test Hole 27

Location: SE%SWXNWLNEX% sec. 23, T. 89 N., R. 49 W.
Date Drilled: September 6, 1977

Elevation: 1096

0- 1 Topsoil, tan, silty
e il) Clay, gray-tan
11- 41 Sand, fine
41- us8 Gravel, fine to medium
48~ 76 Sand, fine
76- 87 Gravel, medium to coarse

Observation well: 83 feet of casing; slotteé
from 18 feet to 80 feet

"N % %
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Test Hole 28

Location: SWxSWXNW%SEX% sec. 14, T. 83 N., R. 49 W,
Date Drilled: September 7, 1977

Elevation: 1101

0- 1 Topsoil, light-gray, silty

1- 45 Silt, tan-gray, sandy
45~ 51 Clay, light-gray, gravelly
51- 99 Gravel, medium, with interbedded sands
99-102 Clay, gravelly
102-105 Gravel, coarse
105-117 Shale, gray-white

X ok % %

Test Hole 29

Location: SEXSEXSEX%SWX% sec. 11, T. 89 N., R. 49 W.
Date Drilled: September 7, 1977

Elevation: 1111

0- 1 Topsoil, light-gray, silty

1- 15 Clay, brown

15- 52 Sand, very fine, very silty, gray
52- 54 Sand, fine

54~ 84 Gravel, fine to medium

84-106 Gravel, coarse
106-117 Shale, gray-white

ok ok %

Test Hole 30

Location: NEXNE%XNE%XNWX sec. 11, T. 89 N., R, 49 W,
Date Drilled: September 7, 1977

Elevation: 1113

0- 1 Topsoil, gray, silty
1- 16 Clay, brown, silty
16~ 5u Sand, fine, silty
S4- 87 Gravel, fine to medium
87-101 Gravel, coarse
101-119 Gravel, unsorted, and sand, fine to medium
119-147 Silt, light-gray, gravelly
ok ok %

Test Hole 31

Loca¥ion: NWXNW%XNWY%NE% sec. 10, T. 839 N., R. 49 W.
Date Drilled: September 8, 1977

Elevation: 1112 '

0- 2 Topsoil, dark-brown, silty
2- 1y Clay, brown, silty
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Test Hole 31 -- continued.

14— 24 Clay, gray, silty

24~ 52 Sand, fine, silty

52- 70 Gravel, fine to medium

70- 99 Gravel, medium to coarse

99-103 Gravel, fine to medium?, silty
103-117 Silt, gray

Observation well: 100 feet of casing; slotted
from 67 feet to 97 feet

® & & %

Test Hole 32

Location: SW%SWXkSW%SW% sec. 35, T. 90 N., R, 49 W,
Date Drilled: September 9, 1977

Elevation: 1116

0- 1 Topsoil, gray, silty Y
1- 9 Clay, brown, silty L%
9- 22 Clay, brown-gray, silty
22- 45 Sand, fine, compact, silty
45- 65 Clay, gray, silty, sandy
65- 91 Gravel, fine to medium, shaley
91-124 Gravel, coarse to medium, some coal
124-130 Sand, very coarse, and gravel, fine, silty
130-13u4 Gravel, coarse
134-147 Shale, light-gray, sandy
£ % % &

Test Hole 33

Location: NE%XSWXNW%SE% sec. 4, T. 89 N., R. 48 W.
Date Drilled: April 27, 1978

Elevation: 1106

0- 2 Topsoil, black

2- 8 Sand, brown,fine

8- 33 Sand, dark-brown to gray, silty
33- 38 Sand, silty, saturated

Observation well: bottom of well at 37 feet;
slotted from 17 feet to
37 feet

W ERONE )
¥
Test Hole 34
Location: NWY%NWX%SEX%SWY sec. 4, T. 89 N., R. 48 W,

Date Drilled: April 27, 1978
Elevation: 1106
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Test Hole 34 -- continued.

0- 2 Topsoil, black
2- 32 Sand, brown, fine
32- 37 Sand, fine and gravel, fine, brown

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

* % & &

Test Hole 35

Location: NEY%SE%XSE%XNE% sec. 8, T. 89 N., R. u48 W,
Date Drilled: April 27, 1978

Elevation: 1100

0- 2 Topsoil, black
2- 8 Clay, brown, sandy
8- 37 Sand, brown, fine

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

# % NN

Test Hole 36

Location: SWX%SWX%SWXNWX% sec. 4, T, 89 N., R, 48 W,
Date Drilled: April 28, 1978

Elevation: 1103

0- 2 Topsoil, black :
2- 28 Clay, silty, very soft
28- 37 Silt, brown, very sandy

Observation well: bottom of well at 37 feet;
slotted from 17 feet to
37 feet

® & %k %

Test Hole 37

Location: SWX%SW%SW%SW¥% sec. 33, T. 90 N., R. 48 W,
Date Drilled: April 28, 1978

Elevetion: 1108

0- 2 Topsoil, black
2- 33 Clay, brown, silty, very soft
33- 37 Silt, brown, sandy, soft

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37 feet

* & & %
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Test Hole 38

Location: SWhSW%SW%SWY% sec. 3, T. 89 N., R. 48 W,
Date Drilled: April 28, 1978
Elevation: 1108

0- 2 Topsoil, black
2- 11 Clay, gray to brown
11- 37 Sand, brown, very silty, very soft

Observation well: bottom of well at 37 feet;

slotted from 17 feet to 37
feet

I I

Test Hole 39

Location: SWX%SW%SEX%NW)% sec. 10, T. 89 N., R. 48 W.
Date Drilled: April 28, 1978

Elevation: 1105

0- 2 Topsoil, black
2- 15 Clay, gray, hard
15~ 37 Clay, brown, sandy, soft

Observation well: bottom of well at 37 feet;

slotted from 17 feet to 37
feet

E I LI

Test Hole 40

Location: SEX%SWX%SEX%SW% sec. 10, T. 89 N., R. 48 W,
Date Drilled: April 28, 1978

Elevation: 1109

0- 2 Topsoil
2- 15 Clay, gray, hard
15- 37 Clay, brown, sandy, silty, very soft

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

L I

Test ,Hole 41l

Location: NWXNE%SW%SW% sec. 9, T. 89 N., R. 48 W,
Date Drilled: May 2, 1978

Elevation: 1092

0- 2 Topsoil, black, sandy
2- 37 Sand, brown, fine to medium
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Test Hole 41 -~ continued.

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

T R R

Test Hole 42

Location: SEXSEXNE%XNEY% sec. 17, T, 89 N,, R, 48 W,
Date Drilled: May 2, 1978 -

Elevation: 1105

0- 2 Topsoil, black, sandy

2- 9 Sand, brown, fine

9- 28 Clay, brown, very silty
28~ 37 Silt, brown, clayey, some sand

Observation well: bottom of well at 37 feet;

slotted from 17 feet to 37
feet

® % % %

Test Hole 43

Location: NE%NW%SE%SEX% sec. 17, T. 839 N., R. 48 W.
Date Drilled: May 2, 1978

Elevation: 1095

0- 6 Sand, brown, fine
6= 37 Silt, brown, and sand, brown, fine

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

* % N %

Test Hole uu

Location: NEXNWNW%NEX sec. 4, T. 89 N., R. 48 W,
Date Drilled: May 2, 1978

Elevation: 1105

0- 2 Topsoil, black
2- 12 Clay, gray, compact
12-,37 Silt, brown, sandy

Observation well: bottom of well at 37 feet;

slotted from 17 feet to 37
feet

* & % 2
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Test Hole 45

Location: NEX%XNW%SE%XNW% sec. 16, T. 83 N., R. 48 W,
Date Drilled: May 4, 1978

Elevation: 1093

0- 2 Topsoil, black
2- 11 Silt, brown to black, sandy
11- 37 Sand, black to brown, fine, some silt

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

® % % %

Test Hole ui6

Location: SW%SWXSEYXNWY% sec. 22, T. 89 N., R. 48 W,
Date Drilled: May 4, 1978

Elevation: 1103

0- 2 Topsoil, black
2- 15 Sand, brown, fine, very silty
15- 30 Silt, black to brown, very sandy
30~ 37 Silt, black to brown, sandy, compact

Observation well: bottom of well at 37 feet;

slotted from 17 feet to 37
feet

% %

Test Hole 47

Location: SEXSW%NEX%;SWk% sec. 15, T. 89 N., R. 48 W,
Date Drilled: May 4, 1978

Elevation: 1102

0- 2 Topsoil

2- 15 Silt, brown, clayey, some sand
15- 24 Silt, brown to black, clayey

24- 31 Sand, brown to black, fine, silty
31- 37 Silt, brown, very sandy

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

ok & %
ol
Test Hole 48
Location: NWXNEXNE%SE% sec. 23, T. 89 N., R. 49 W,
Date Drilled: May 30, 1978
Elevation: 1098
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Test Hole 48 -- continued.

0- 1 Topsoil, black
1- 21 Sand, brown, fine
21- 42 Sand, black to brown, some clay lenses
42- 51 Gravel, medium, some sand, fine to coarse
51- 73 Silt, gray, sandy, with some gravel
73-100 Gravel, fine to medium
100-110 Clay, white to gray, compact (chalk?)

Test Hole 49

Location: NEXNWXNWX%SWX% sec. 23, T. 89 N., R. 49 W,
Date Drilled: June 1, 1978

Elevation: 1099

0- 2 Topsoil, black, sandy
2- 17 Sand, brown, fine
17- 42 Sand, black to brown, fine
42- 60 Silt, black to gray, some sand
60~ 99 Gravel, fine to very coarse, much coal, some
sand
99-110 Silt, white to gray, very compact (chalk??)

Observation well: bottom of well at 97 feet;
slotted from 77 feet to 97
feet

EE R .

Test Hole 50

Location: SEXSEX%SE%SW% sec. 26, T. 89 N,, R. 48 W,
Date Drilled: June 1, 1978

Elevation: 1094

0- 2 Topsoil, black, sandy
2- 75 Sand, brown, fine, some gravel layers, 6 inches
to 1 foot thick; medium to coarse
75-130 Gravel, medium to coarse, well rounded

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37
feet

R %
5

Test Hole 51 ¥

Location: NEXNEXNE%SE% sec. 27, T. 89 N., R. 48 W,
Date Drilled: June 2, 1978

Elevation: 1095

0- 3 Topsoil, black, clayey
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Test Hole 51 -- continued.

3- 65 Sand, brown, fine
65- 95 Gravel, fine to medium, and sand, coarse
95-120 Gravel, medium to coarse
120 Rock or hard layer, no penetration at all
ok % %

Test Hole 52

Location: SE%SEXNEX%SEY% sec. 24, T. 90 N., R. 49 W,
Date Drilled: June 2, 1978 : '

Elevation: 1105

0- 2 Sand, brown, fine
2- 486 Silt, gray, soft, some sand, fine
46- 53 Gravel, fine to medium
53- 73 Silt, gray, soft, some brown layers with gravel
stringers 1 foot to 2 feet thick, fine
73-100 Gravel, very coarse, 1l inch to 2 inches in

diameter, very angular, gravel too coarse
to drill through, abandoned hole

tE I

Test Hole 53

Location: NEXNE%SEX%SE¥% sec, 24, T, 90 N., R, 50 W,
Date Drilled: June S5, 1978

Elevation: 1125

0- 1 Topsoil

1- 9 Sand, brown, fine

9- 21 Silt, brown, soft

21- 33 Sand, brown, fine

33- 62 Gravel, medium to fine

62-110 Gravel, medium to very coarse

* % N %

Test Hole 54

Location: NWXNW%NE%NW% sec. 24, T. 90 N., R. 50 W. .
Date Drilled: June 5, 1978

Elevation: 1120

0- 1 Topsoil

1-.13 Sand, brown, fine

13- 29 Silt, brown, soft

29- 64 Gravel, fine to medium

f4-110 Gravel, medium to very coarse

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37 feet

LR R
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Test Hole 55

Location: SWX%SWX%SW%SE% sec. 12, T. 90 N., R. 50 W,
Date Drilled: June 6, 1978

Elevation: 1124

0- 2 Topsoil
2- 7 Sand, brown, fine
7- 21 Clay, brown, silty
21- 27 Silt, black, sandy
27- 43 Sand, brown to black, fine
43- 48 Gravel, fine to medium, and sand, fine
48~ 91 Clay, gray, very silty
91-102 Gravel, medium to coarse
102-110 Clay, gray to white, compact (chalk??)

® % % %

Test Hole 56

Location: NEXNEYXNE%SEX% sec. 1, T. 90 N., R. 50 W.
Date Drilled: June 6, 1978

Elevation: 1117

0- 1 Topsoil, black

1- 8 Sand, brown, fine

8- 33 Silt, brown, soft
33- 61 Silt, brown to gray, very sandy
61- 94 Sand, brown, fine, very silty
94-120 Gravel, medium to coarse

* % & %

Test Hole 57

Location: NW%NW%SW%SW% sec. 30, T. 91 N., R, 49 W,
Date Drilled: June 6, 1978

Elevation: 1123

0- 2 . Topsoil

2- 36 Sand, fine, and silt, approximately 50 percent
sand and 50 percent silt

36- 72 Clay, gray, sandy, pebbly

72-100 Gravel, fine to coarse, some sand

Observation well: bottom of well at 37 feet;
slotted from 17 feet to 37

feet

PR
A

Test Hole 58

Location: NEXNWXNW%NE% sec. 36, T. 89 N., R. 48 W.

Date Drilled: July 10, 1978

Elevation: 1084
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Test Hole 58 -~ continued.

0- 6 Sand, brown, fine, silty
6- 35 Sand, brown, fine .
35- 50 Sand, brown, fine, silty, gray

Observation well: bottom of well at 43 feet;
Y-inch diameter, sandpoint
from 38 feet to 43 feet
(0.018 slot)

% x f %

Test Hole 59

Location: NWY%XNW%NW%NE% sec. 36, T. 91 N., R. 50 W,
Date Drilled: July 11, 1978

Elevation: 1110

-0~ 30 Sand, brown, fine

Observation well: bottom of well at 23 feet;
4-inch diameter, sandpoint
from 18 feet to 23 feet
(0.018 slot)

E I (O

Test Hole 60

Location: NW%SW%SEX%NW% sec. 22, T. 89 N., R. 49 W,
Date Drilled: July 17, 1978

Elevation: 1100

0- 1 Topsoil, brown, sandy, silty
1- 50 Sand, brown, fine

Observation well: bottom of well at 42 feet;
4-inch diameter; slotted
from 27 feet to 37 feet,
sandpoint from 37 feet to
42 feet

E I
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Water Well

Sample No. Controller Location*

W26 Flynn SE%,SE%,SE%,NE%, Sec. 4, T.89N., R.48W.

W27 Waters NE%,NE%,NE%,SW%, Sec. 2, T.89N., R.48W.

W28 Stoakly SWh, NW2;, SWi ,NW, Sec. 31, T.91IN., R.48W.
W29 Hofwolt NE%,NE%,NE%,NE%, Sec. 28, T.91N., R.49W.
W30 Chicoine SWs, SWhs, SWh ,NW, Sec. 1, T.9IN., R.49W.

W31 Hemingson SE%,SE%,NE%,SE%, Sec. 1, T.90N., R.49W.

W32 Corio NE%,NE%,NE%,SE%, Sec. 15, T.89N., R.49W.
W33 S.D.G.S. SE%,SE%,NE%,SE%, Sec. 23, T.89N., R.49W.
W34 S.D.G.S. NW3, SW% ,NW% ,NE%, Sec. 24, T.89N., R.49W.
W35 S.D.G.S. SE%, SW4 ,NW4 ,NE%, Sec. 23, T.89N., R.49W.
W36 S.D.G.S. NW% ,NW2 ,NW% ,NE%, Sec. 10, T.89N., R.49W.
W37 NW2s, SW,SE%,NW5%, Sec. 24, T.89N., R.49W.
W38 S.D.G.S. SE%,SE%,SE%,SW4%, Sec. 26, T.89N., R.48W.
W39 S.D.G.S. NE%,NW4,NW%,SWs, Sec. 23, T.89N., R.49W.
W40 S.D.G.S. NW2;, NW2; ,NE% ,NW2;, Sec. 25, T.90N., R.50W.
Wa1 S.D.G.S. NWz,NW, SW, SW%, Sec. 30, T.91IN., R.49W.
W42 S.D.G.S. NE%, NW2 ,NW% ,NE%, Sec. 36, T.89N., R.48W.
W43 S.D.G.S. NE%,NW% ,NW% ,NE%, Sec. 36, T.89N., R.48W.
Wa4 S.D.G.S. NE%, NW% ,NW4,NE%, Sec. 36, T.89N., R.48W.
W45 S.D.G.S. NE%,NW ,NW% ,NE%, Sec. 36, T.89N., R.48W.
W46 S.D.G.S. NE3;,NW; ,NW ,NE%, Sec. 36, T.89N., R.48W.
W47 S.D.G.S. NW2 , NW ,NW% ,NE%, Sec. 36, T.91IN., R.50W.
W48 | N $.D.G.S. NW2; , NW2; ,NW% ,NE%, Sec. 36, T.91N., R.50W.
W49 S.D.G.S. ¥ NW2; , NW2; ,NW ,NE%, Sec. 36, T.91N., R.50W.
W50 S.D.G.S. NW, SW, SE% ,NW, Sec. 22, T.89N., R.49W.
W51 S.D.G.S. NW, SW4, SE% ,NWy%, Sec. 22, T.89N., R.49W.
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Water Well

Sample No. Controller Location*

W52 $.D.G.S. NW,SW,SE% ,NW%, Sec. 22, T.89N., R.49W.
W53 S.D.G.S. NW, SWis, SE%,NWs, Sec. 22, T.89N., R.49W.
W54 S.D.G.S. NW , NWs ,NW% ,NE%, Sec. 36, T.91N., R.50W.
W55 S.D.G.S. NW , NW% ,NW% ,NE%, Sec. 36, T.91N., R.50W.
W56 S.D.G.S. NW2; , NW ,NW3; ,NE%, Sec. 36, T.9IN., R.S50W.
W57 SWh ,NWk , SE%,SW, Sec. 4, T.89N., R.48W.

W58 SE%,NE%,NW%,SW5, Sec. 21, T.89N., R.48W.
W59 NE%,NW%,NE%,SWs, Sec. 14, T.89N., R.48W.

* A11 locations are based on the South Dakota grid system.
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APPENDIX C - Core Sample Logs
(for map locations see figure 3)

Core #1
Location: NE%,SE%,SW%,NWk%, Sec. 9, T.89N., R.48W.
Date taken: 2-23-78

" - 2" Sand, very fine
2" - 130" Sand, fine
130" - 140" Sand, medium
Core #2

Location: NW%,NW%,NE%,NW%, Sec. 9, T.89N., R.48W.
Date taken: 2-27-78

o" - 3.5" Silt, much organic matter
3.5"- 22" Silt, unconsolidated
22" - 33" Silt, consolidated
33" - 57" Sand, fine
Core #3

Location: SW4,NE%,SWs,SE%, Sec. 4, T.89N., R.48W.
Date taken: 2-27-78

o" - 2" Silt, much organic matter
2" - 4" Silt
4" - 7" Sand, fine
™ - 10" Silt, moderate amount of organic matter
10" - 21" Sand, fine
21" - 31" Silt
31" - 68" Sand, fine
Core #4

Location: NE%,NW},NW%,SW4, Sec. 9, T.89N., R.48W.
Date taken: 2-28-78

o" - 5" Silt, much organic matter
5" - 65" Sand, very fine grading to fine
Core #5

Location: NW%,SW,NE%,NE%, Sec. 9, T.89N., T.48W.
Date taken: 2-28-78

" - 3" Silt, uﬁ%onso?idated, much organic matter
3" - 113" Silt
113" - 115" Sand, fine
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Core #6

Location: SWi,SWi,SW,NWy%, Sec.

Date taken: 2-28-78

10, T.89N., R.48W,

o - 38" Silt
38" - 58" Sand, fine
Core #7

Location: SWi,SWi,NWk,SWk, Sec.

Date taken: 2-28-78

10, T.89N., R.48W.

o - 21 Silt

21" - 24.5" Sand, fine
24.5"- 29.5" Silt
29.5"- 65" Sand, fine
Core #8

Location: SW%,SW4,SE%,SE%, Sec
Date taken: 2-28-78

0" - 166" Silt

. 4, T.89N., R.48W.

A11 locations are based on the

South Dakota grid system.

46



APPENDIX D - Well Inventory i
g
3 )
o
~ Q =
— Q =
cowlewPl T i
Well *afg *az;@-s v |38
Controller Location A8 B8 123
Winer NE% ,NW ,NW% ,NE%, Sec. 35, T.89N., R.49W. S&D
NWs; , NW25 , NW3s , SW%, Sec. 26, T.89N., R.48W. D
Bruneau SB%,NW%, Sec. 27, T.89N., R.48W. 30 S|10D
Sheeler NE% NW%, Sec. 27, T.89N., R.48W. 23 231S 1| D
SW,SE%,SE%,SWs, Sec. 22, T.89N., R.48W. S |S&D | W1
Geode NW3;, NE% ,NW% ,NW, Sec. 27, T.89N., R.48W. | 26-30 22 1S |1 D
Orr NE%,NE%,SW%,NWk, Sec. 27, T.89N., R.48W. 45 120-25 |S | D
Wheeler NE%,SW ,NW5,SE%, Sec. 21, T.89N., R.48W. 85 [25-30 D
Bruneau SW, SWA; ,NE%,NEY%, Sec. 21, T.89N., R.48W. 95 18 | G |S&D
Bender NW?;,SE%, Sec. 21, T.89N., R.48W. 68 S [S&D
Stark NW?; , NW% , NW% ,SE%, Sec. 22, T.89N., R.48W. | 45-50 S |S&D
Brogh NW, SW%,NE%, Sec. 22, T.89N., R.48W. 25 D
Ullrich Sec. 15, T.89N., R.48W. D
Gruis Sec. 15, T.89N., R.48W. 30 7 S&D
Jokerst Sec. 15, T.89N., R.48W. | 30-40 D
Bernard NW?s , SWPs , NW ,SW%, Sec. 13, T.90N., R.49W. 43 S|S
Bernard NW2; , SW35 ,NW2 ,SW%, Sec. 13, T.90N., R.49W. 53 S|D
Monlagne SW,SE%, SW3 ,SE%, Sec. 14, T.90N., R.49W. 22 22 IS |S&D | W2
Dailey ., NW3;, SW2s , NW ,SE%, Sec. 14, T.89N., R.49W. 40 24 |S | D |W3
Dailey NW3; , SW2s ,NW25 ,SE%, Sec. 14, T.89N., R.49W. 104 24 1G | S
Corio NW%,NE%, Sec. 14, T.89N., R.49W, 100 D
Bogner NE% ,NE%,NE%,NW%, Sec. 14, T.89N., R.49W. 45 14 D
Hikeman SE%,SW,SWk, Sec. 12, T.89N., R.49W. 75 12 |G |S&D
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Hikeman SE%,SW%,SW%, Sec. 12, T.89N., R.49W. 93 121G| I |wWa
NW%,SW%, Sec. 7, T.89N., R.48W. 20 S&D
Dailey SE%,SW%, Sec. 12, T.89N., R.49W, 24 S
Dailey SE%,SW4%, Sec. 12, T.89N., R.49W. 75 G] D
Dailey SE%,SW4%, Sec. 12, T.89N., R.49W. 100 G| I
Beavers NE% , NW% ,NW% ,NW%, Sec. 7, T.89N., R.48W. 104 171 S | S&D
Clauson NW%,NE%, Sec. 7, T.89N., R.48W. 105 201G I
Clauson NW%,NE%, Sec. 7, T.89N., R.48W. 15 10({S| D
Beavers SW%,SE%, Sec. 6, T.89N., R.48W. 24 12]1S] D
. Beavers SW%,SE%, Sec. 6, T.89N., R.48W. 104 121G I
Kneebone NW;,SW%, Sec. 6, T.89N., R.48W. 113 18]G | I
Kneebone NW%,SW%, Sec. 6, T.89N., R.48W. 86 18{G| D
Kneebone NW%,SW4%, Sec. 6, T.89N., R.48W, 29 181G1{ S
Edwards NE%,NE%,SE%,NE%, Sec. 25, T.90N., R.49W. 23 18] S | S&D
Bruneau NW; ,NE%,SE%,SW%, Sec. 25, T.90N., R.49W. 25 201S] D
Bernard NE% ,NW% ,NE%,SW%, Sec. 25, T.90N., R.49W. 18 16 | G | S&D
Bernard NE% ,NW% ,NE%,SW4, Sec. 25, T.90N., R.49W. 26 18| G |S&D
Dean N2 , NW2 ,NW35 ,NW%, Sec. 25, T.90N., R.49W. 40 201S| D
Dean NW% , NW2 ,NW2; ,NW%, Sec. 25, T.90N., R.49W, 30 221S | S
Bernard SE% ,NW%,SW%, Sec. 24, T.90N., R.49W. 105 S| S
o
Bernard SE% ,NW%,SWs, Sec. 24, T.90ON., R.49W. 30 30{S| D
Bellenger NW% ,NE%,SW4%, Sec. 13, T.90N., R.50W. 88 G| D
Bellenger NW,NE%, W, Sec. 13, T.90N., R.50W.| 120 6|1
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Rosale NW2,SE%,NE%,SE%, Sec. 13, T.90N., R.50W.| 20-25 | 12-141| S D W5
Squies NE%,NE%,NE%,NE%, Sec. 24, T.90N., R.50W. 20 D
Rodbub SW , SWhs , W2, SWY%, Sec. 20, T.90ON., R.49W. 85 12 D | W6
Rodbub SWi, SWa ,NW , SW%, Sec. 20, T.90N., R.49W. 24 17 D
Alard NW%,SW%, Sec. 19, T.90N., R.49W. 95 18| G | S&D
Banet SW4,SE%,SE%,SE%, Sec. 17, T.90N., R.49W. D
Alvison SW4,SW%, Sec. 16, T.90N., R.49W. | 25-30 D | W7
Rosenbaum NE%,NE%,NE%, Sec. 20, T.90N., R.49W.| 30-40 20 ] S | s&D
Oberg NE%,NE%,NE%,SE%, Sec. 20, T.90N., R.49W. S| D
Rosenbaum NE%,NE%,SE%,SE%, Sec. 20, T.90N., R.49W. 83 G | S&D
Donely SWi,NE% ,NW2,SW, Sec. 21, T.90N., R.49W. 20 201S D
Donely SW,NE% ,NW,SW%, Sec. 21, T.90N., R.49W. 100 201S 1|1
Rosenbaum SE%,SE%,SE%,SE%, Sec. 20, T.90N., R.49W. 24 S | S&D
Rosenbaum = | SW,NE%,NE%,SE%, Sec. 32, T.90N., R.49W. 18 91S | D |w8
Wood NE%,NE%,SE%,SE%, Sec. 29, T.90N., R.49W. 17 S |S&D
Doodle NE%, NW2; ,NW% ,NW;, Sec. 28, T.90N., R.49W. 26 S|D
Harkness NW, SW,SE%,NWs, Sec. 27, T.90N., R.49W. 27 201S | D |W9
James SW%,SW%, Sec. 16, T.90N., R.49W. D
Corio NE%,NW ,NE%,SE%, Sec. 21, T.90N., R.49W. 25 S D W10
Corio | NE%,NWk,NEX,SE%, Sec. 21, T.90N., R.49W. | 100 G |1
L4
Bernard SW,SE%,SE%,SW%, Sec. 27, T.90N., R.49W. 32 30 1S |S&D
Wilcox NW,SE%,NE%,NE%, Sec. 34, T.90N., R.49W. 28 28 1S 1D
Sheepland NW; ,NE% ,NW%,SE%, Sec. 35, T.90N., R.49W. 25 17 s | D
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Karpen SW, NWe; , SW% ,NW, Sec. 2, T.89N., R.49W. 46 D |Wl1
Mollet NW,NE%,NE%,NE%, Sec. 10, T.89N., R.49W. 100 20 D
Hamel SE%,SE%,SE%,NW%, Sec. 10, T.89N., R.49W. 35 S&D | W12
Elkins SWh ,NW% , SW% ,NW2, Sec. 11, T.89N., R.49W. 20 S&D
Jergenson NW ,NW% ,NW% ,NE%, Sec. 11, T.89N., R.49W. 31 12 S&D
Nearman NE%,SE%,SE%,SE%, Sec. 3, T.89N., R.49W. | 20-25 15 S&D
Karpen NW2s, SWi ,NW , SW%, Sec. 2, T.89N., R.49W. 35 D
Milton NE%,NE%,SE%,SE%, Sec. 27, T.90N., R.49W. D
Wilkox NE%,NW ,NW ,NW%, Sec. 35, T.90N., R.49W. 30 D W13
Wriedt SWi, SE%, SWy%,SWy, Sec. 26, T.90N., R.49W. 25 20 S&D
Burner NW2 ,NW2; ,NW ,NE%, Sec. 35, T.90N., R.49W. 30 D
Bertrand NE%,SE%,NE%,SE%, Sec. 27, T.90N., R.49W. 32 32 S&D
SE%,NE%, Sec. 27, T.90N., R.49W, 20 S&D
Minor NW%,NW%, Sec. 26, T.90N., R.49W. D
Huntsman NW , NW2 ,NW% ,NW%, Sec. 26, T.90N., R.49W. 38 S&D
SW4,SE%,SE%,SE%, Sec. 24, T.90N., R.49W. 28 28 S&D | W14
SWk%,SE%,SE%,SE%, Sec. 24, T.90N., R.49W. 24 24 S&D
Pomerico NE%,SE%,NE%,NEY%, Sec. 25, T.90N., R.49W. 22 22 D
Smith SW;, SWi, SWh ,SEY, Sec. 30, T.90N., R.48W. 22 19 S&D | W15
Johnson » SE%,SE%, Sec. 30, T.90N., R.48W. 15 14 D
Fleshner NE%,NE%,NE% ,NW4%, Sec. 32, T.90N., R.48W. S&D
Chicoine NE*%,NE%,NE%,SE%, Sec. 32, T.90N., R.48W. 60 16 S&D | W16
Trudea NE%,NE%,SE%,SE%, Sec. 32, T.90N., R.48W. 35 S&D
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Jenson SW,SE%,SE%,SWs, Sec. 32, T.90N., R.48W. 30 S | S&D
NE%,NE%,NE%,SE%, Sec. 5, T.89N., R.48W. 40 30 D
Priborsky SE%,NE%,NE%,SE%, Sec. 5, T.89N., R.48W. S&D | W17
Camel SE%, Sec. 36, T.90N., R.49W. 21 S | S&D
Camel SE%, Sec. 36, T.90N., R.49W. 90 1116 I
Minor SWk%,SE%,SE%, Sec. 36, T.90N., R.49W. 16 151 S | S&D | W18
Fornea NW2; , SW2s, SW3 ,NW%, Sec. 21, T.90N., R.48W. 27 i S&D | W19
Fornea NW5, SWis, SWh ,NW%, Sec. 21, T.90N., R.48W. 75 G| I
McCarthy SE%,SE% ,NE%,NE%, Sec. 28, T.90N., R.48W. S&D | W20
Green NW, SWh ,NE% ,NW, Sec. 34, T.90N., R.48W. S&D | W21
Mollet NE%,SE%,SE%,NE%, Sec. 29, T.90N., R.48W 24 22 D
Ballinger | SWi,SWi,SW4,NWy, Sec. 18, T.90N., R.49W. 60 s|o
Cates NE%,NE%,NE%,NW%, Sec. 13, T.90N., R.50W. S D
Bloomberg NW,NE% ,NW2 ,NW%, Sec. 18, T.90N., R.49W. 40 D
Lange SWk;,SWh,SE% ,SW%, Sec. 7, T.90N., R.49W. D
SW,SW%,SE%, Sec. 7, T.90N., R.49W. 36 151 S {S&D | W22
Rosenbaum NW, SW2, SW5 ,NW%, Sec. 17, T.90N., R.49W. 30 13 ]S |sS&D
Pace SE%,NE%,NE%,SE%, Sec. 18, T.90N., R.49W. D
Brown SW, SW ,NW2;,SW%, Sec. 17, T.90N., R.49W. 22 S | S&D
> SWi, NW2 ,NW2; ,SW%, Sec. 8, T.90N., R.49W. 30-40 D
Morris NE%,SE%,NE%, Sec. 7, T.90N., R.49W. 30 D
Connly SE%,SWk,SE%,SW%, Sec. 5, T.90N., R.49W. | 30-35 25 |S |S&D
Meingenberg | NE%,NE%,SE%,NE%, Sec. 6, T.90N., R.49W. D
George SW2 , SW25 ,NW2% ,NW2;, Sec. 5, T.90N., R.49W. 104 20 I
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George SWi,SW2 ,NW% ,NW:, Sec. 5, T.90N., R.49W. 75 20
Geary NW;,NW% ,NE%, Sec. 6, T.90N., R.49W.
Georgon Shz,SWh, SW ,NW%, Sec. 4, T.90N., R.49W. W23
Smith NE*%,NE%,NE%,NE%, Sec. 8, T.90N., R.49W. 30
Gold NE%,NE%,SE%,NE%, Sec. 8, T.90N., R.49W.
Chicoine NW2; , W2 , N2 ,SW%, Sec. 9, T.90N., R.49W. W24
Chicoine SE%,SE%,NE%,SE%, Sec. 9, T.90N., R.49W. 40 10 S
Fuller NW% , NW ,NW% ,NW%, Sec. 10, T.90N., R.49W. 15 15 D
Douglas NE%,NE%,NE%,NE%, Sec. 15, T.90N., R.49W. 70 D [W25
Montagne SE%,SE%,NE%,SE%, Sec. 10, T.90N., R.49W. 82 30 D
Chicoine NW ,NW2 ,NW ,NE%, Sec. 14, T.90N., R.49W. 35 28
Merrile SE%,SE%,SE%,SW%, Sec. 11, T.90N., R.49W. 32
Buddle NW%,SE%,SWs,SWs, Sec. 11, T.90N., R.49W. 30 25
Flynn SE%,SE%,SE%,NE%, Sec. 4, T.89N., R.48W. 75 W26
Donhaime SE%,SW4%,SE%,SW%, Sec. 3, T.89N., R.48W. 85 20
Waters NE%,NE%,NE%,SW%, Sec. 2, T.89N., R.48W. 150 18 W27
Stekel SE%, Sec. 25, T.91N., R.49y. 100 13
Stekel NW% ,NW% ,NW2;,SE%, Sec. 25, T.91N., R.49W. 80 13
Stoakly SW ,NWs, SWPs ,NW%, Sec. 31, T.91N., R.48W. W28
McGuire * SWk, SWi ,SW% ,NE%, Sec. 31, T.9IN., R.48W. 32 23
McGuire NE%, Sec. 31, T.9IN., R.48W. | 100 23
Chicoine NE%,NE%,NE%,NE%, Sec. 6, T.90N., R.48W. 46 D
Curran SW,SW,SW,SW%, Sec. 5. T.90N., R.48W. 65 D
Rehling SE%,SWk,SW4%,SE%, Sec. 20, T.91IN., R.49W. 60 12 D
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Rehling SW4,SW%,SE%,SE%, Sec. 20, T.9IN., R.49W. 100+ D
Walsh SE%,SE%,SW%,SW%, Sec. 21. T.91N., R.49W. 65 S&D
Limoges NW:; , NWi ,NE% ,NW3;, Sec. 28, T.91N., R.49W. 50 15 S&D
Walsh SW,SW,SW5,SE%, Sec. 21, T.91IN., R.49W. 65 D
Hofwolt NE%,NE*%,NE%,NE%, Sec. 28, T.91IN., R.49W. S&D
O1sen SW, SW , NW2;s ,NW%, Sec. 27, T.91IN., R.49W. S|1D
Hanson SW , SW% ,SW% ,SE%, Sec. 22, T.91N., R.49W. 60 151G | D
Duhrime NW , NWss ,NW3; ,NW%, Sec. 26, T.91N., R.49W. 101 G| I
Duhrime NW% , NW2; ,NW% ,NW%, Sec. 26, T.91N., R.49W. 65 S |S&D
Lyle SE%,SE%,SW%,SE%, Sec. 23, T.91N., R.49W. 55 18 |G |S&D
Lyle SE%, Sec. 23, T.91N., R.49W. 100 18S |1
Beermann NW , SWi, SWh,SW, Sec. 26, T.91N., R.49W. 20 15 D
Beermann | SW%, Sec. 26, T.9IN., R.49W, 82 I
Walsh NE%,SE%,SE%,NW%, Sec. 33, T.91N., R.49W. 50 D
Walsh NWs, Sec. 33, T.91IN., R.49W. | 110 20 |6 | 1
Biusseau SWi;,SW ,SW%,SW, Sec. 34, T.91IN., R.49W. 28 18IS |D
Chicoine NW3, Sec. 35, T.91N., R.49W. 115 20 IS | 1
Chicoine SW , SW ,SW% ,NWs, Sec. 35, T.9IN., R.49W. 50 20 |S |S&D
Ramesbotham | SE%,SE%,SWk%,SW%, Sec. 35, T.91N., R.49W. D
Bosse > SW,SE%,SW%,SE%, Sec. 35, T.91N., R.49W. 80 S&D
Gill NW , NW2s , S, SW%, Sec. 36, T.91IN., R.49W. 22 D
Gil NW; , NW , SW ,SWy%, Sec. 36, T.91N., R.49W. 45 D
Berhand SE%,SE%,NE%,NE%, Sec. 2, T.90N., R.49W. 68 S&D
Chicoine NE%,NE% ,,NW%,NE%, Sec. 1, T.90N., R.49W. 60 17 S&D
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" Controller Location QOo—|Q+P S| D IF0n
Celley SE%, Sec. 1, T.90N., R.49W.
Hemingson SE%,SE%,NE%,SE%, Sec. 1, T.90N., R.49W. 60 23
NW , SWk ,SE%,SWs, Sec. 1, T.90N., R.49W.
Chicoine SE%,SE%,SE%,NE%, Sec. 7, T.90N., R.48W. 18
Bosse NW , SWh , SWi% ,NW, Sec. 12, T.90N., R.49W. 32
Chicoine SW4,NE%,NE%,SE%, Sec. 11, T.90N., R.49W. 83 S
Chicoine SW4,NE% ,NE%,SE%, Sec. 11, T.90N., R.49W. 20 S
Felton NE%,SE%,NE%,NW%, Sec. 11, T.90N., R.49W. 80 20 D
Anderson SWs, SWh,SW%,SE%, Sec. 2, T.90N., R.49W. 20 S
Anderson SWs, SW, SW,SE%, Sec. 2, T.90N., R.49W. 65 S
Schmitz NW;,SE%,SW%,SW5, Sec. 2, T.90N., R.49W. 65 14| G | S&D
Schmitz NW%,SE%,SW4,SW4%, Sec. 2, T.90N., R.49W. 35 14| S | S&D
Brusseau SW,SE% ,NE% ,NW%, Sec. 3, T.90N., R.49W. 32 17 S&D
Singer SWx%, SW%,SE%,NW5, Sec. 34, T.91IN., R.49W. 40 10 S&D
Chicoine NE%,NE%,NE%,SE%, Sec. 15, T.89N., R.49W. 92 W32

Geologic Source: S, sand; G, gravel
Use: D, domestic; S, stock; I, irrigation

A11 locations are based on the South
» Dakota grid system.
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APPENDIX E - Water Elevations in McCook Lake Observation Wells

Elevation of water (in feet above mean sea level)

0b§g¥¥aﬁg?n 5-16-78 | 6-6-78 6-19-78 | 6-29-78| 7-17-78 | 7-28-78 | 8-11-78
2 1084.14 | 1084.50 | 1084.48 | 1085.05| 1086.49 | 1087.31| 1087.80
3 1083.60 | 1084.55 | 1083.92 | 1084.11) 1085.96 | 1087.28 | 1087.64
4 1088.32 | 1088.37 | 1090.70 | 1088.17| 1089.84 | 1088.84 | 1089.26
5 1085.83 | 1085.81 | 1085.57 | 1085.51| 1086.23 | 1087.28 | 1087.81
6 1085.65 | 1085.87 | 1085.35 | 1085.66| 1086.22 | 1087.33| 1087.86
7 1094.82 | 1094.65 | 1093.54 | 1093.67| 1092.86 | 1094.60| 1095.25
8 1087.52 | 1087.50 | 1086.89 | 1087.30| 1087.28 | 1088.34| 1088.80
9 1095.31 | 1096.34 | 1095.99 | 1095.96| 1096.72 | 1096.40| 1097.38

10 1089.05 | 1089.04 | 1088.14 | 1088.64) 1085.46 | 1089.33| 1089.83
11 1089.02 | 1089.01 | 1088.21 | 1088.83| 1087.58 | 1089.33| 1089.74
13 1090.95 | 1090.96 | 1089.34 | 1089.96| 1089.74 | 1091.37| 1091.60
15 1088.70 | 1088.61 | 1087.92 | 1087.96| 1088.04 | 1088.93| 1089.20
19 1082.67 | 1083.11 | 1083.30| 1083.36| 1085.95 | 1085.34| 1085.98
20 1087.77 | 1087.65 | 1087.23| 1087.31| 1087.69 | 1088.11] 1088.59
22 1088.93 | 1088.89 | 1088.46| 1088.88| 1088.67 | 1089.45( 1089.96
33 1091.54 | 1091.75°| 1091.71| 1091.61] 1091.48 | 1092.13] 1092.60
34 1089.75 | 1089.63 | 1089.10| 1089.80{ 1088.88 | 1089.98{ 1090.34
35 1087.00 | 1086.88 | 1086.46| 1086.46] 1086.80| 1087.24f 1087.59
36 1095.70 | 1094.80 | 1092.61| 1093.26] 1093.11| 1093.92] 1094.37
3 1091.26 | 1091.14 | 1090.53| 1090.29] 1090.11}| 1091.11] 1091.48
38 . 1095.84 | 1095.79 | 1095.12| 1094.90] 1094.68 | 1096.00f 1097.45
39 1096.29 | 1096.67 | 1095.68| 1095.04] 1094.51] 1096.76f 1096.80
40 1096.86 | 1096.22 | 1095.00f 1094.69] 1097.06 1097.561 1098.25
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Elevation of Water (in feet above mean sea level)
Observation :
Well No. [5-16-78 | 6-6-78 | 6-19-78 | 6-29-78| 7-17-78 | 7-28-78 | 8-11-78
41 1085.70 | 1085.67 | 1084.56 | 1085.35| 1086.48 | 1086.13 | 1086.65
42 1085.84 | 1085.87 | 1085.45 1085.69. 1085.64 | 1086.93 | 1087.48
43 1084.11 | 1084.97 | 1084.78 | 1086.45| 1082.09 | 1083.69| 1087.81
44 1098.94 | 1099.36 | 1097.86 | 1097.63| 1097.65 1100.65
45 1085.54 | 1085.66 | 1085.57 | 1085.43| 1086.10 | 1086.54| 1087.29
46 1081.70 | 1081.86 | 1082.06 | 1082.32| 1088.76 | 1083.69| 1084.40
47 1083.45 | 1083.51 | 1083.25 | 1083.75| 1084.10 | 1085.26| 1087.34
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APPENDIX F

Water Table Contour Maps
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