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GENERAL INFORMATION

At the request of the City of Bison and the West River
Conservancy Sub-District, the South Dakota Geological Survey
conducted a ground-water study intermittently during August and
September, 1974, and May, 1975. This study included the follow-
ing work: (1) a review was made of the geology as mapped by the
South Dakota Geological Survey (Bolin, 19553 Curtiss, 1955a,
1955by Hoppin and Curtiss, 1955); (2) a total of 32 test holes
were drilled, 30 with an auger rig and 2 with a rotary rig;

(3) a well inventory was made (app. A); (4) water samples were
collected and analyzed from 28 wells in the Bison area.

The study was financed by the South Dakota Geoclogical Sur-
vey, the West River Conservancy Sub-District, and the City of
Bison. The cooperafiQn of the residents and especially Joe
Deibert, Ron Kopren, and Dennis Lewton, City officials; Dennis
Knutson and Stanley Soderstrom, well drillers; and Joe Pogue,

US Forest Service, Lemmon, South Dakota, is acknowledged.

Bison has had six wells drilled over the years. The wells
range in depth from 565 to 867 feet and produce water from sands
and sandy zones in the Fox Hills Formation. Well No. 4 was con-
taminated during drilling by the private well driller when oil
products were added to free stuck drilling rod. This well was
abandoned due to the presence of 0il product in the water. Water
production of individual city wells has not been measured, but
the combined total is probably about 50 gallons per minute which
is about one-half of the City's needs based on the Farmers Home

Administration standard estimate of one-fourth gallon per min-



ute per person per day.

Since Bison has a population of approximately 400, the
City needs about 100 gallons per minute to meet this standard.
Water use at Bison has increased since 1968. Per capita consump-
tion (it is assumed that per capita consumption 1s approximately
equivalent to per meter consumption) has in creased from 1,488
gallons in 1968 to 2,166 gallons in 1974 (table 1). The per meter
consumption rose from 4,121 to 5,505. The total water used in
1968 according to water meter record books in the possession of
Mr. Leroy Penor, was approximately 8.1 million gallons as com-
pared to approximately 11.2 million gallons in 1973. Because the
data were available only through August, only a projected water
use for 1974 could be given; the figure is approximately 11.9
million gallons.

It is obvious that because of increased demands for water by
consumers, the overall water use at Bison is increasing rapidly
and will continue to do éo. The increased use is not so much a
matter of increasing population as it is in the increase in the
number of home appliances and other domestic water use. Several
new homes have been built in Bison during the last 5 years, and
each of these is more "modern" than the older homes. Also in the
new housing addition is the need for lawn-watering. Because of
the inflation spiral, many families are planting gardens to

supplement their food supply and these require water also.

GEOLOGIC INFORMATION

The exposed rocks (table 2 and fig. 1) belong to the Lud-

~
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low Formation consisting mainly of yellow to gray sand, silt
and silty clay. There are some ledges of hard sandstone inter-
bedded with these sediments. Also exposed in various parts of
the area are brown to black soft lignite coals and peat-clay
layers. The Ludlow sediments are normally too fine to yield
much water to wells. These rocks are 220 feet thick in South
Dakota Geological Survey rotary test hole 20 south of town
(figs. 2 and 3; app. B). The same sequence is about 280 feet
thick in South Dakota Geological Survey rotary test hole 3
(Pete Deutschle) on the west side of Bison (figs. 2 and 4; app.
B). The rock sequence drilled by these two holes should be
representative of the rocks underlying the entire town. There-
fore, because the author saw the rock cuttings as they were
brought out of the drill hole, and because good electric logs
were made on the hole, descriptions of the Ludlow, Hell Creek
and Fox Hills Formations are based on information obtained from
these two test holes (test holes 3 and 20, app. B).

Alluvial sand and silt lies on top of the Ludlow Formation
along the course of Thunder Butte Creek. The alluvium is
generally too thin or too fine-grained to be a source of ground
water.

Next below the Ludlow 1s a series of sands, clays, and
coals known as the Hell Creek Formation. Because of their drab
appearance, early geologists called these the "somber beds".
The Hell Creek sand layers can yield water to wells, but usually
the sand is mixed with clay and therefore water will not move

through these layers and into the well fast enough to supply
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Figure 3
SDGS . Test Hole No. 20
SW SW SW NW-=Sec. 24-T. 18 N.—R. |3 E.-Perkins Co.
Elev. 2717 feet—Depth (010 feet
Date Drilled: May, 197%
by Fred V. Steece
<
RESISTANCE
FEET (OMMS)
— 100 Shale, gray, brown and black, silty;
l.-; LUDLOW sand, gray, clay—filled and thin, hard
m sandstone; coal.
200
—4 | 300 Shale, gray, silty; sand, gray, fine—to—
HELL CREEK 3 medijum, clay-=Ffilled; coal with brown
and black clay.
:—::‘——: 400,
dp) L s00
D AP IRTM ]
Ll_l j_ _; Shale, gray, sandy; sand, fine,
Q FOX HILLS L c00 clay—~filled to fairly clean.
m 700
| P800
lxe2agedgp ey
PIERRE Shale, gray, smooth; some pyrite.
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SDGS Test Hole No. 3 -
NW NE SW-Sec. I13~-T. 18 N.=-R, |3 E.—Perkins Co.
Elev. 2777 feet —Depth 80 feet
1975

Figure 4

Date Drilled: May,
by Fred V. Steece

(Pete Deutschie’s Land)

J
-
RESISTANCE
(OHMS)
< === 00 -
— Shale, light gray, siity; sand, light
- LUDLOW gray, very fine to medium grained;
|"'" shale, black; coal.
| i l - 200
- 300
Shale, medium gray fto blue gray;
HELL CREEK sand, light gray, very fine to fine.-
. grained, clay filled.
| i l }{ 500
| i l = 600 )
m Shale, light g@grayish—blue, and shale,
FOX HLLS brown; sand, light bluish-gray,
O clay=~fillad, "“salt and pepper™.
| - 700




sufficient water. This formation has a thickness of 210 feet
in test hole 3 (app. b).

Below the Hell Creek is the Fox Hills Formation which con-
sists of alternating sand, silt, and clay layers. The sand
layers, resembling salt and pepper, provide only small amounts
of water to wells because the sands are usually mixed with clay.
Bison's water wells are completed in several of these sand
layers in the Fox Hills Formation. The Fox Hills is at least
320 feet thick in test hole 3 (app. B). The character of these
formations is also shown in well logs in Appendices C and D.

Beneath the three formations just described, is a series of
rocks as much as 7,500 feet thick which are summarized in table 2.
This table is based on information from the Shell No. 1 Veal oil

test drilled 8 miles southeast of town in 1852,

GROUND-WATER INFORMATION

Many of the formations described in table 2 are aquifers
but there is no definite information on the amount of water a
well tapping them would produce (some estimates are shown on the
last column of table 2). There is some information on the quality
of water from these deeper formations shown in table 3. Quality
of water from the shallower formations, namely the alluvium (Qal),
the Ludlow (Tpl), Hell Creek (Kh), and Fox Hills (Kf) is generally
good, although it is quite variable (table u).

As a whole, water from the Ludlow Formation is the best in
the area, although locally some of this water is highly mineral-

ized. Water with less dissolved chemicals in the upper part of

10
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the Ludlow is probably explained by direct percolation of rain
and snowmelt into these sandy shales.

The next best quality of water is from the alluvium. Allu-
vium is found only under the bottomland along Thunder Butte
Creek and South Fork of the Grand River. Deposits of alluvium
are small and thin and would not yield large amounts of water
to wells.

In contrast, water from the Hell Creek and Fox Hills Forma-
tions is slightly more mineralized as can be seen in table Uu,.

Water from the various formations can be characterized as follows:

Alluvium (Qal) - hard; calcium sulfate; moderate

total solids

Ludlow (Tpl) - hard; sodium sulfate; moderate to

high total solids

Hell Creek (Kh) - soft; sodium sulfate; excessively

high total solids

Fox Hills (Kf) - soft; sodium sulfate and sodium

chloride; moderate to high total solids.

Teét holes drilled by the South Dakota Geological Survey
auger drilling rig in the alluvium along the South Grand River,
about 6 miles north of Bison, indicated as much as 20 feet of
saturated sand and gravel in the SW corner NW 1/4 sec. 7, T.

19 N., R. 14 E. The Survey recommended that the city drill a
test well at this location, but no aquifer material was found

and the location was abandoned.

ALTERNATIVES FOR CITY WATER SUPPLY

Recommendations to the City of Bison as to a solution to
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their water problem are in the form of several alternatives.

These alternatives are discussed below.

Alternative 1l: Drill additional wells into Fox Hills

The City can continue to use their present water supply and
drill additional wells as the need arises for additional water.
This probably is the most practical alternative for the City. Be=-
cause the Fox Hills aquifer is fine-grained, care should be taken
to ensure that wells are properly completed and developed.

One consideration to be aware of is that prolonged pumping
of water from the Fox Hills Formation throughout the City well
field may be causing the static water level to be lowered in a
general "cone-of-depression" surrounding the City. (See app.

A, water levels in the City wells appear to be considerably lower
than several nearby private wells completed in the same forma-
tion.) Because the Fox Hills allows the horizontal (and to a
‘lesser extent, vertical) passage of water at a slow rate and be-
cause there are no "veins" or other highly permeable zones, sites
for future wells can be selected on the basis of convenience to
pipelines and surface irregularities. It might be a good idea to
select future sites at convenient locations well outside the
possible "cone-of-depression," even though the cost of building
pipelines is fairly high. Continued sustained water withdrawals
from the Fox Hills beneath Bison may continue to lower the static

water level.

Alternative 2: Build surface reservoir

Many towns and cities around the State rely on surface reser-
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voirs for part or all of their water supplies. Surface reservoirs
have disadvantages such as the need for treatment and the risk

of drying up during drought. A surface reservoir could provide
water for fire protection, irrigation and other similar uses, at
the same time saving the well water for drinking, cooking, and
other uses. This would require separate water mains and would be

an added expense to the town.

Alternative 3: Pipe water from Shadehill Reservoir

The City may wish to consider building a pipeline from Shade-
hill Reservoir approximately 14 miles cross country. Because
this reservoir is maintained by the South Dakota Department of
Game, Fish and Parks, an agreement would have to be negotiated

with that agency.

Alternative U4: Drill North Qrand River well

There may be a possibility of obtaining a large yield of
shallow ground water from the alluvium along the North Grand
River, about 20 miles north of town, upstream from the tail-
waters of Shadehill Reservoir. The well or well field should be
far enough above Shadehill to ensure exclusion of surface water
at times of high water and flood water. Test drilling would have
to be done in that area to determine the feasibility of this

alternative.

Alternative 5: Drill 4,000-foot well
Another choice left to the City is to drill a well approxi-
mately 4,000 feet in depth, to tap the Fall River-Lakota aquifer

(table 2). This aquifer probably would provide 50 gallons per
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minute, or more, of highly mineralized ground water. The water
should be under enough artesian pressure to raise the water to a
static level of about 600 to 700 feet below land surface. The
quality of water would be similar to the partial analysis below:
Shell No. 1 Veal, SE 1/4 SE 1/4, sec. 7, T. 17 N.,
R. 15 E.j; drilled in 19523 water from Fall River-
Lakota at a depth between 3854 to 3855 feet.

Parts per Million

Total s0lids ===-c——mmmmmm———— 3857
Sodium ==————mmmmmmm—ee o 1230
Chloride ————mcmmmmmm e 804
Calcium =—e—eem e 6.0
Sulfate —=-ee—mcmme e 5
Magnesium ————-—c—emmemmmmmm— - 2.1

Other aquifers lie below the Fall River-Lakota that would supply
adequate water, but the quality of the water would probably be

even less desirable than that from the Fall River-Lakota.

CONCLUSION

The present study did not reveal any coarse-grained water-
bearing material within the Ludlow, Hell Creek, or Fox Hills
Formations that would yield large amounts of water to high capa-
city wells. Instead it was found that these formations are fine-
grained with low permeability. Thus future wells completed in any
of these formations will probably yield water at about the same
rate as present wells produce in the immediate Bison area. The

City of Bison, therefore, may select one or more of the several

16
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alternatives that are open to them in order to ensure an adequ-

ate future water supply.
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APPENDIX B

Logs of test holes drilled

by the South Dakota Geological Survey

(for map location, see fig. 2)

SDGS Test Hole 1 (Auger hole)

Location:
0- &
4- 16

16—~ 18

NW%SWkNWkSW% sec. 9, T. 18 N., R. 13 E.

Silt, brown, clayey, dry

Sand, yellow-brown, dry; fine; some clay; moist

Sand, yellow-brown, fine, little clay,
saturated(?)

SDGS Test Hole 2 (Auger hole)

Location:
0- u
L- 31

31- 36
36- Ll

SELSE%SW%SEL sec. 10, T. 18 N., R. 13 E.

Silt, light brown, some clay, dry
Sand, light brown, fine, some clay
Sand, gray-black, medium to fine, clayey, saturated
Clay, gray, black, brown-black, silty, moist,
peat and/or coal

ola  Wte  JTa ot
o« “ 3 «

SDGS Test Hole 3 (Rotary hole 2, see enlarged map, fig.

Location:

0- 10
10—~ 60
60~ 65
65=- 75
75- 85
8§5-120

120-125
125-130
130~-145
145-165
165-170
170-190
190-195
195-200
200-300
300-350
350-370
370-420
420-425
425-430
430-510

2) (Deutschle)

NE%XNWENE%SWY; sec. 13, T. 18 N., R. 13 E.

Clay, yellow-brown, sandy

Shale, medium gray, silty, smooth

Coal, black, soft

Shale, medium to dark gray, smooth
Sand, fine to medium, gray, some clay filling
Shale, medium to dark gray, some sandy
Coal, black, hard, sharp

Shale, sandy, black

Sand, light gray, clay filled

Shale, gray, smooth, firm

Coal, black and brown lignite

Shale, black

Sandstone, light gray, hard; sandy clay
Coal, hard, blocky ‘

Shale, gray, silty, smooth, some coal
Sand, firm, bluish-gray, clay-filled
Shale, medium olive-gray, smooth

Sand, medium gray, very fine to medium
Shale, medium gray, silty, smooth, firm
Sand, light gray, very fine, clay-filled
Shale, gray, green, smooth

23



SDGS Test Hole 3 -~ continued.

510-525

525-700
700-~780

780-785

785-810

Sand, light bluish-gray, fine to very fine,
clay-filled

Shale, grayish-green, smooth, silty to sandy

Shale, gray, some shows pyrite, hard, some
clay-filled sand

Sand, medium gray, fine, clay-filled, salt and
pepper

Shale, medium gray, smooth, some sand, some soft
brown clay

SDGS Test Hole 4 (Auger hole)

Location:
C- 17

17- 4y
44— 69

SEXNWXNEXNWY% sec. 16, T. 18 N., R. 13 E.

Silt, light brown, clayey, dry, calcareous

Sand, medium brown, little clay; saturated

Silt to very fine sand, medium and dark gray,
some black clay

SDGS Test Hole 5 (Auger hole)

Location:
0- 4
Y= 5
5- 25

25- 34
34- 35

SW%SWiNWiNWs sec. 16, T. 18 N., R. 13 E.

Silt and fine sand, light brown, clayey, dry
Rocks, crystallines

Sand, brownish-yellow, fine, clayey; saturated
Clay, medium to dark gray, little silt; moist
Silt, dark gray, clayey; moist, wouldn't penetrate

Jo Ja Je oo
«w « - “

SDGS Test Hole 6 (Auger hole)

Location:
0- 8
8- 10

10- 15
15- 23
23- 26
26- 37
37- 49

SE%SEXNE%SWY% sec. 16, T. 18 N., R. 13 E.

Silt, light brown, clayey, dry, plant fragments

Clay, black, silty; saturated, plant fragments

Silt, light brown and light gray, saturated,
clayey

Clay, medium gray, silty, moist, fairly hard

Clay, gray, brown; saturated

Sand, medium gray, finej; moist

Clay, gray-brown, silty, moist, hard

23 ot oo oJo
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SDGS Test Hole 7 (Auger hole)

Location:

0- 5

SWYNE%SE%SW% sec. 16, T. 18 N., R. 13 E.

Silt, brown, very clayey, moist

24



SDGS Test Hole 7 -- continued.

5- 8 Clay, brown, very silty, moist, some sand and
gravel
8- 13 Clay, yellow-brown and red-brown, silty, saturated
13- 138 Silt, brown, clayey, saturated, water started
coming up
18- 20 Clay, gray and black, silty, moist, peat(?)
20- 31 Sand, gray, very fine, clayey, moist, some very
clayey sand
31- 35 Silt, gray, very clayey, moist
35- 4y Clay, gray, silty, some bentonite

s ole oo e
¥ «~ «w '3

SDGS Test Hole 8 (Auger hole)
Location: NW%SWX%SWkSW% sec. 17, T. 18 N., R. 13 E.

0- 3 Sand, light brown, clayey; dry
3- 4 Clay, brown, silty; moist
o 7 Sand, brown, medium, slightly clayey; saturated
7- 8 Silt, yellow-brown and light gray; saturated
8- 10 Clay, medium gray, silty; moist to saturated,
plant fragments
10- 19 Silt, medium and dark gray, clayey, moist

SDGS Test Hole 9 (Auger hole)
Location: SEXSE%XSEXSEY% sec. 18, T. 18 N., R. 13 E.

0- 4 Sand, brown, coarse, clayey, saturated at 4 feet
- 8 Clay, yellow-brown, silty, saturated
8- 13 Silt, yellow-brown, clayey, moist
13- 19 Silt, light gray, clayey (upper part may be
saturated)

SDGS Test Hole 10 (Auger hole)
Location: NELXNEXNE%NW% sec. 20, T. 18 N., R. 13 E.

0- 4 Sand, brown, very coarse, clayey, dry, some
gravel
b- 7 Sand, brown, coarse to very coarse, clayey, moist
7- 8 Clay, brown, sandy, moist
8- 12 Sand, brown, coarse, clayey, very moist
12- 16 Clay, brown and some gray, sandy, moist
16- 24 Silt, gray, clayey, moist, some coal and/or peat
fragments

25



SDGS Test Hole 11 (Auger hole)
Location: NELNWLNWYNWY% sec. 20, T. 18 N., R. 13 E.

0- 2 Sand, light brown, fine, clayeyj; dry
2- 3 Gravel, brown, fine; moist
3- 8 Silt, tan, clayey; moist, calcareous
8- 10 Clay, medium gray, silty; moist, noncalcareous
10- 12 Silt, medium gray, clayey; moist, some black
layers
12- 19 Clay, medium gray, slightly silty; moist,

noncalcareous bentonite

Jo Wte  afe o
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SDGS Test Hole 12 (Auger hole)
Location: SEXNEXNW%NEY% sec. 21, T. 18 N., R. 13 E.

0- 5 Silt, brown, some very fine sand, clayey, slightly
moist
5- 8 Sand, brown, very fine, saturated
8- 13 Silt, brown and dark brown, clayey, saturated
13- 189 Clay, gray, very silty, saturated

ale  afa e
“ - -

SDGS Test Hole 13 (Auger hole)
Location: NWXNW%NEX%NWY sec. 21, T. 18 N., R. 13 E.

0- 2 Clay, light tan, sandy; dry
2- 4 Silt to fine sand, brownj; moist, some cocarse sand
Y- 7 Sand, brown, fine, moist
7- 11 Sand, brown, medium, very clayey, saturated
11- 13 Sand, brown, very fine, clayey, saturated
13- 14 Silt, light gray, clayey, moist
14- 20 Gravel, brown, coarse, very clayey, saturated
20- 27 Clay, gray, very silty; saturated, hard, could

not penetrate

SDGS Test Hole 14 (Auger hole)
Location: SE%NWY%NEX¥NWY% sec. 22, T. 18 N., R. 13 E.

0- 2 Sand, brown, finej; dry, some clay layers

2- 3 Clay, brown, sandy, dry

3- 4 Sand, tan, coarse, dry

b- 5 Gravel, brown, finej; dry, medium to coarse sand,

some 1l5mm pebbles

5- 10 Gravel, brown, fine, dry, rock at 7 feet
10- 15 Sand, brownish, medium to fine, moist
15- 16 Rock

16- 22 Sand, brownish-red, medium, moist, some clay

22- 25 Clay, medium gray to black, silty, saturated
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SDGS Test Hole 14 —-- continued.

25~ 28
28- 28.5

Clay, black, sandy, saturated
Hard zone, no sample, did not penetrate

(N Yo )
[ O

SDGS Test Hole 15 (Auger hole)

Location:
0- 2
2- 11

11- 15
15~ 21
21—~ 289

SWXNWiENEXNW}; sec., 22, T. 18 N., R, 13 E.

Clay, light brown, dry

Silt, brown, clayey, saturated

Gravel, brown, very clayey, coarse, saturated
Silt, brown to yellow-brown, clayey, moist

Clay, brown, silty, saturated, some plant
fragments

SDGS Test Hole 16 (Auger hole)

Location:
0- 2
2- 5
5- 7
7- 11

11- 22
22—~ 28

NEXNELNEXNWY% sec. 23, T. 18 N., R. 13 E.

Clay, light tanj; dry

Clay, brown, silty; moist, calcareous

Silt, yellow-brown, clayey; saturated

Clay, black, silty; saturated, some peat at
8 feet, plant fragments

Silt, light gray, clayeyj; moist, streaks of
light gray (bentonite?)

Clay, tan, dry, hard, silty, moist at 27 to
28 feet

SDGS Test Hole 17 (Auger hole)

Location:
0~ 8
8- 10

10~ 15
15- 17
17~ 18
18- 24

NE%SEXNE%XNWY% sec. 23, T. 18 N., R. 13 E.

Silt, brown, clayey, dry, some very fine sand

Clay, brown, silty, moist

Silt, brown and some gray, very clayey, moist,
saturated 14 feet

Clay, gray and brown, very silty, moist

Silt, black, clayey, moist

Silt, gray, clayey, dry

LI SR L S

SDGS Test Hole 18 (Auger hole)

Location:
0- 4
Y- 15

NEXNWYNWsNW% sec. 23, T. 18 N., R. 13 E.

Soil, brown, very clayey, silty
Silt, yellow-brown, some light gray, clayey,
moist
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SDGS Test Hole 18 -~ continued.

15- 29 Clay, light gray, some silt stringers, dry,
some gypsum

SDGS Test Hole 19 (Rotary hole)
Location: SW%SWHSWXkNWY% sec. 24, T. 18 N., R. 13 E. (Hole
abandoned; see log 20)

0- 25 Clay, fine to coarse, sandy, yellow-brown
25- 30 Silt, clay-rich, sandy, yellowish-brown, limonite
30- 35 Coal, black, blocky to blade-like, some gray shale
35- 50 Shale, medium dark-gray, silty, some slightly
sandy
50~ 55 Sandstone, light gray, medium gray, silty shale
55~ 85 Shale, medium dark-gray, firm silty
85- 95 Sandstone, very fine, clay-filled
95-115 Shale, medium gray, smooth
115-120 Clay, yellow-brown, hard
120-125 Shale, light gray, silty, taking water
125-135 Clay, light gray, soft
135-145 Coal, black, hard, blocky; some brown clay
145-155 Shale, gray; some brownish-black
& % f % *

SDGS Test Hole 20 (Rotary Hole 1)
Location: SWH%SWkxSWkNWY% sec. 24, T. 18 N., R. 13 E.

0- 20 Clay, black to yellow-brown, silty, sandy (road
£i11?)
20~ 25 Sand, light gray, fine, clay-filled; some coal
25- 35 Shale, medium gray, silty, salt and pepper
35- 40 Sandstone, light greenish-gray, hard, gray clay,
coal
40- 55 Shale, medium gray, silty, smooth
55- 60 Coal, small flakes and blocks
60- 65 Shale, dark brown to dark gray; coal
65- 70 Sand, light gray, silty, clay-filled, salt and
pepper
70- 85 Sand, fines: quartz, pyrite, coal, clay, iron-
stained pyrite
85- 90 Sandstone, light gray, fine, hard, small sharp
chips
90- 95 Sand, light gray, silty, salt and pepper
95- 140 Shale, medium gray, clay-rich, smooth
140- 1u5 Coal, black, blocky, choppy drilling at 1u43
145- 155 Shale, black, smooth; and shale, brown-gray,
smooth
155- 160 Coal, light gray, silty, soft
160- 185 Shale, light gray, silty, some coal
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SDGS Test Hole 20 -- continued.

185- 205 Sand, tan, silty, clay-filled; fines: quartz,
mica, gypsum, coal

205- 280 Shale, dark brownish-gray, smooth; some coal

280~ 285 Sand, coarse

285- 325 Shale, grayish-green, sandy, some clay and coal

325- 330 Sand, grayish-green, silty, clay-filled, salt and
pepper

330- 410 Shale, black, hard, abundant cocal, some brown,
smooth

410- 430 Sand, medium blue-gray, clay-rich, salt and pepper

430- 435 Shale, medium gray, smooth, some brown compact
shale, sand

435- U465 Sand, medium green-gray, fine to medium, clay-
filled, some shale

L5~ 470 Shale, medium gray, smooth, some sand

470- 475 Sand, blue-gray, very fine, clay-filled

475- 500 Sand, greenish and blue-gray, clay-filled

500- 610 Shale, bluish-gray, smooth, silty, some clay

610- 615 Clay, light gray, fine, sandy, soft

615- 655 Shale, light medium-gray, silty to sandy

655- 660 Siltstone, tan, hard, and smooth firm shale, light
gray

660- 665 Sand, finej; some dark shale

665- 740 Sand, fine, light bluish-gray, clay-filled; some
shale

740~ 780 Shale, medium gray to dark gray, firm drilling
from 768 to 770 feet, choppy at 771 feet

780- 785 Sand, very light gray, very fine shale

785- 830 Shale, medium gray, smooth, firm, somewhat silty

830- 8u5 Clay, light gray to very light gray, some sand
and shale

845-1010 Shale, gray, firm; tan siltstone, soft clay

(bentonitic?)

SDGS Test Hole 21 (Auger hole)
Location: SEXNWX%SE%SEY% sec. 25, T. 18 N., R. 13 E.

0- 4 Sand, brown, very fine, clayey, dry

4- 15 Silt, dark brown, clayey, moist, some fine sand
15- 18 Coal, and/or peat fragments

18- 24 Silt, black, very clayey, moist, calcareous,

some coal

SDGS Test Hole 22 (Auger hole)
Location: SW%SE%SE%SE% sec. 25, T. 18 N., R. 13 E.

0- 4 Gravel, brown, clayey, dry
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SDGS Test

- 8
8- 17
17- 18
19~ 24
SDGS Test
Location:
0- 9
g~ 13
13- 28
SDGS Test
Location:
o- 1
l1- 5
5- 1u
14~ 24
SDGS Test
Location:
0- 4
4~ 12
12- 15
15- 20
20- 30
30- 39
SDGS Test
Location:
0- 9
g- 11
11- 12
12- 1u
14~ 18

Hole 22 -- continued.

Sand, brown, very coarse, clayey, moist
Clay, yellow-brown, sandy, moist

Clay, black, very silty, moist

Silt, light gray, clayey, not very moist

Hole 23 (Auger hole)
SWEXNE%NW%SWY% sec. 27, T. 18 N., R. 13 E.

Clay, yellow-brown, very silty, dry

Silt, brown, very clayey, saturated, calcareous

Clay, gray, very silty, saturated, peat or coal
fragments

Hole 24 (Auger hole)
SWENW%SW%SW% sec. 30, T. 18 N., R. 1lu E.

Clay, tan, silty, dry

Clay, brown, silty, moist

Silt, brown, clayey, saturated
Clay, brown, silty, moist, hard

ols  ala  ute  ute
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Hole 25 (Auger hole)
NEXNWXGNWENWY sec., 31, T. 18 N., R. 1u E,.

Sand, tan, medium, clayey; dry, some 8-10 mm

pebbles

Sand, light red-brown, medium, clayey, dry to
moist

Sand, tan to brown, very fine, little clay,
moist

Sand, medium, little clay, moist
Clay, brown, silty, moist
Silt, medium gray, clayey, moist, hard

To  afa  ata ot
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Hole 26 (Auger hole)
NE%SE%SE%SEY% sec. 31, T. 18 N., R. 1u4 E.

Sand, brown, very coarse, clayey, dry, some
gravel

Clay, yellow-brown, very silty, moist, calcareous

Clay, red-brown, very silty, dry, noncalcareous

Silt, brown, clayey, moist, slightly calcareous

Silt, brown and black, very clayey, moist to dry,
noncalcareous
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SDGS Test Hole 26 -- continued.
18- 29 Silt, brown and gray, clayey, dry
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SDGS Test Hole 27 (Auger hole)
Location: SWH%SWYSWH%NWs sec. 34, T, 18 N., R. 14 E.

0- 4 Silt, yellow-brown, dry, noncalcareous

L- 5§ Rock, limey deposits, calcareous, very light gray
5- 6 Silt, gray-brown, clayey, moist, noncalcareous

6- 14 Silt, brown, clayey, moist, calcaerous
14~ 20 Silt, gray-brown, clayey, moist, noncalcareous
20~ 23 Sand, dark gray, medium, clayey, saturated
23- 28 Silt, dark gray and black, clayey, moist

ate  Wfe ats ofe
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SDGS Test Hole 28 (Auger hole)
Location: SWkSW%SWxNWk sec. 7, T. 19 N., R. 14 E. (not shown

on fig. 2)
0- 5 Silt, light brown to tan, clayey, dry, calcareous
5- 7 Clay, brown, silty, moist, slightly calcareous
7- 23 Silt, brown, clayey, moist, calcareous
23- 24 Sand, brown, medium to fine, clayey, moist
24~ 30 Silt, dark brown, clayey, saturated
30- 32 Sand, brown, medium, clayey, moist
32- 43 Gravel, brown, fine, clayey, saturated
43- 50 Sand, medium gray, coarse to fine, saturated
S0~ 64 Clay, gray, saturated, lumpy
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SDGS Test Hole 29 (Auger hole)
Location: SWiSWiNWXSWY sec. 7, T. 19 N., R. 14 E. (not shown

on fig. 2)

0- 3 Sand, brown, fine to medium, some clay, dry

3- 11 Sand, brown, some clay, saturated at 5 feet
11- 13 Silt, dark gray, very clayey, moist
13- 18 Silt, dark brown, very clayey, moist, some

green zones

18- 24 Silt, gray-brown, clayey, moist
24~ 3y Sand, gray, very fine to fine, some clay, moist
34~ L4y Sand, gray, very fine, very clayey, moist

s P N )
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SDGS Test Hole 30 (Auger hole)
Location: NWYLNW%SWkNWYL sec. 18, T. 19 N., R. 14 E. (not shown
on fig. 2)
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SDGS Test Hole 30 -~ continued.

0- 2 Sand, light brown, medium, dry
2- 11 Gravel, brown, fine, dry, mostly coarse sand
11- 13 Sand, bluish-green, very fine, clayey, saturated
13- 18 Clay, medium gray, very silty, moist, hard
18- 20 Silt, medium gray, clayey, moist
20~ 22 Clay, medium gray, silty, moist
22- 38 Silt, medium gray, clayey, moist, hard
38- L4y Clay, dark gray, slightly silty, moist, hard,
lumpy

SDGS Test Hole 31 (Auger hole)
Location: NW%SWENW%SWY sec. 3, T. 17 N., R. 14 E. (not shown

on fig. 2)
0- 1 Silt, brown-black, sandy, clayey, dry
1- 4 Sand, brown, very fine, some clay, moist
b- 12 Sand, brown, very fine, very clayey, saturated
at 6 feet(?)
12- 24 Silt, gray, very clayey, moist

oo ofe oo ofs
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SDGS Test Hole 32 (Auger hole)
Location: NEXNEXSEX%NE% sec. 4, T. 17 N., R. 14 E. (not shown

on fig. 2)
0- 3 Silt, brown
3- 6 Gravel, brown, clayey; moist, rocky, some 10 to
20 mm pebbles
6- 8 Gravel, red-brown, little clay, moist; fewer
rocks
8- 9 Silt, gray-green, clayey; moist, noncalcareous-
9- 11 Clay, grayish-tan, silty; moist, noncalcareous
11- 14 Silt, grayish-tan, little clay; saturated, some
limonite, hard
l4- 27 Clay, medium gray, silty, moist
27~ 34 Silt, medium gray, sandy (very fine), clayey;
moist
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APPENDIX C

Logs of private wells drilled in the area. These logs were ob-
tained from Dennis Knutson, Hettinger, North Dakota, and Stanley
Soderstrom, Bowman, North Dakota.

Alex Krischen Well - A
Location: SEXNELXNE% sec. 14, T. 18 N., R. 13 E.
0- 9 Clay, buff
9- 10 Sandstone, soft
10- 12 Clay, buff
12- 13 Sandstone, soft
13-167 Clay, buff to gray; some sand and coal
167-168 Coal
168-181 Clay
181-241 Sandstone ledge
241-269 Clay
269-300 Sand, gray, medium
300-303 Sandstone
303-306 Sand, gray, medium
306-309 Coal
309-329 Clays; coal streak
Irwin Tescher Well - B

Location: SWxNW%NW%; sec. 13, T. 18 N., R. 13 E,
(See enlarged map, fig. 2)

0- 5 Surface
5- 39 Clay, buff and brown, with trace of rock and gravel
39- 45 Sand, gray/blue, with mica
4s5- 78 Clay, gray, some sand
78- 79 Rock
79- 93 Clay, gray, with sandstone
93-106 Sand, gray
106-109 Rock
109-117 Clay, sandy, gray
117-118 Rock
118-188 Clay, gray, some sandy
188-188 Rock ledge
188-215 Clay, gray
215-218 Rock
218-224 Clay, gray, sandy
224=-247 Sand, some blue sandy, clay
Alfred Heupel Well - C

Location: SE%SE% sec. 21, T. 18 N., R, 13 E.

33



Alfred Heupel Well - C -- continued.

0- 15
15~ 16
16- 67
67- 68
68~ 69
69~ 72
72- 93
93-120

120-123
123-127
127-1238
128~145
145-151
151-15Y4
154-156
156-171
171-173
173-245
245-272
272-273
273-324
324-325
325-382
382-385
385-386
386-392
392-405

Clay
Coal,

soft

Clay and shale, rock

Coal,
Clay
Rock
Clay,
Clay,
Clay,
Coal
Clay,
Clay,
Sand
Rock
Sand,
Clay
Coal
Clay,
Clay
Rock
Clay,
Rock
Clay,
Rock
Clay,
Sand,
Clay

Ralph Veal Well

Location: NE%NE% sec.

0- 31
31- 47
47- 48
48~ 60
60- 6u
b4~ 85
85- 98
98-120

120-~123
123-176
176-177
177-264
264-265
265-400
400-428
428-440
440-441
4ul-460

Clay,
Sand,
Rock
Clay,
Coal
Clay
Clay,
Clay
Coal
Clay,
Rock
Rock
Rock
Clay,
Clay,
Clay
Rock
Clay,

hard

sandy,

some rock

some rock

green
green
sandy
coarse

coarse,

sandy,

sandy and green shale

coarse

sandy and shale

sandy
coarse,

D
24,

yellow
blue

dark

gray

coarse,

sandy,
sandy,

sandy

and sandstone

ar,
o

T. 18 N., R. 13 E.

sandy

some shale, water at 400 feet
3-inch rock



US Torest Service - E

brown, and blue

Location: SE%NW% sec. 31, T. 19 N., R. 13 E.
(not shown on fig. 2)
0- 3 Topsoil
3- 26 Shale, sandy
26- 34 Clay
34~ 45 Clay
45~ 46 Rock
46-130 Clay, sandy
130-132 Coal
132-162 Clay, soft, sandy
162-163 Rock
163-205 Clay, sandy
205-207 Rock, hard
207-235 Clay
235-237 Coal
237-250 Clay, green, sandy
250-252 Coal
252-275 Clay, sandy
275-360 Clay
360-361 Rock, hard
361-38L Clay
384-385 Rock, hard
385-430 Clay, green
430-450 Sand, coarse (clay?)
Errol Hall Well - F
Location: NW¥% sec. 12, T. 17 N., R. 14 E.
(not shown on fig. 2)
0- 9L Clay, buff, sandy, some gray,
gu- 95 Rock
95- 96 Clay, gray
96~ 99 Rock :
99-119 Clay, with coal streaks, gray
119-123 Sand, gray, medium
123-135 Clay, gray, with coal
135-175 Clay, with coal streaks
175-176 Rock ledge
176-205 Clay, with coal and rock
205-216 Sand, gray, with clay streak
216-254 Clay, with coal streak
254265 Sand, fine, blue
265-265 Rock
265-270 Sand, fine, blue
270-271 Rock
271-274 Clay, sandy
274=275 Rock
275-300 Clay, with blue sandstone
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Errol Hall Well - F -- continued,

300-347 Clay, sandy, gray
347-420 Clay, fine blue sand, good hard
Herb Kolb Well - G

Location: Center S% sec. 17, T. 17 N., R. 13 E.
(not shown on fig. 2)

0- 10 Clay, yellow

10- 28 Shale, gray

28- 33 Coal

33- 41 Shale, gray

bLl- 45 Rock

4b5-142 Shale, gray, with hard streaks
1u42-152 Sand
152-162 Shale, sandy
162-182 Sand
182-242 Shale, sandy
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APPENDIX D

Logs of city wells and test holes drilled for the City of Bison
by private drillers. These logs were obtained from the City
files.

City of Bison Well 1
Location: NEXNWYKNEX%SEY%L see. 13, T. 18 N., R. 13 E.
(see enlarged map, fig. 2)

0- 10 Clay, sandy

10~ 25 Sandstone

25- 40 Clay

40- 50 Shale, blue

50- 87 Shale, sandy

87- 93 Coal

93- 95 Shale

95-145 Sand and shale
145-145 Rock
145-200 Shale, blue, sandstone
200-202 Rock (hard)
202-250 Shale, sand; water
250-292 Shale, and sandstone shells
292-350 Shale, sand and rock
350-350 Rock

350-372 Sand; water

372-483 Shale, some sand and water
483-525 Sand; water
525-540 Shale, blue

540-555 Sand; water
555-565 Shale
565-580 Sand; water
580-585 Shale
585-600 Sand; water
600-602 Rock
602-638 Shale
638-655 Sand
855-675 Shale
675-685 Sand

City of Bison Well 3

Location: SWLSERKNE%SE) sec., 13, T. 18 N., R. 13 E.
(see enlarged map, fig. 2)
0- 36 Clay and siltstone, buff to gray; some gray
sandstone
36- Ly Sand, well sorted, slightly cemented
b~ 52 Clay, very sandy, buff
52- 56 Sandstone, buff
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City of Bison Well 3 -- continued.

56-422 Clay, gray, silty, trace sandstone, some free
sand
422-434 Shale, gray to greenish-gray, some sandy
434-750 Clay, medium gray to greenish, some free sand

afe ote o ote
~ w -~ «

City of Bison Well 6§
Location: SWX%SE%NW%NEY sec. 13, T. 18 N., R. 13 E.
(see enlarged map, fig. 2)

0- 2 Dirt, black
2- 4 Clay, yellow
4- 10 Shale, broken
10- 16 Clay, sandy, gray
16- 26 Shale, sand and dark
26- 40 Clay, sandy
40- 60 Sand, coarse; shale
60- 68 Shale, gray
68-110 Coal; shale
110-150 Clay, sandy, gray
150-151 Rock
151-230 Shales; sticky, black, clay
230-232 Rock
232-634 Shale, hard gray, some sticky clay, some coal
634-680 Sand, fast drilling
680-700 Shale, sandy; fair shale
700-760 Sand, fair to good
760-780 Sand; rock
780-835 Sandj; hard shell

City of Bison Well 6
Location: NEXNE%NELSE% sec. 13, T. 18 N., R. 13 E.
(see enlarged map, fig. 2)

0- 8 Sand, yellow sand
8- 15 Shale
15- 20 Sand
20- 33 Shale
33- 37 Clay
37- 38 Coal, hard
38~ 77 Clay, sand, dark
77- 78 Coal, hard
79-132 Clay, sandy
132-137 Coal, hard
137-158 Clay, sandy
158-160 Rock
160-186 Clay, light, sandy
186-260 Shale
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City of Bison Well 6 -- continued.

260-262 Coal, hard

262-293 Clay, sandy

293-295 Coal, hard

295-325 Sand, coarse

325=-432 Shale

432-433 Rock, hard

433-784 Sand, coarse, dark, hard, some sandy clay

2B e \/
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City of Bison (test well drilled by Caywood)
Location: NE% sec. 13, T. 18 N., R. 13 E.
(not shown on fig. 2)

0- 170 Clay, silty, gray, ligniticy; light to greenish-

gray

170- 185 Silt, light gray

185~ 338 Clay, light gray, silty

338~ 399 Siltstone, light greenish-gray

399~ 685 Clay, some sandy, gray, specks of organic
material

685- 687 Shale, dark gray, lignitic

687- 691 Clay, light gray

691~ 882 Sandstone, fine, some clay

882-1082 Clay, dark gray, non-silty

23 i/ {2
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