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SELECTED FACTORS FOR CONVERTING ENGLISH UNITS TO

INTERNATIONAL SYSTEM (SI) UNITS

A dual system of measurements--English units and the

International System (SI) of units--is given in this report.

SI is a consistent system of units adopted by the Eleventh

General Conference of Weights and Measures in 1960. Selected

factors for converting English units to SI units are given below.

Multiply English units By
Acres 0.4047
Acre-feet (acre-ft) 1,233
1.233%10°
Feet .3048
Gallons ) 3.785
Gallons per day (gal/d) 3.785x10°
Gallons per minute (gal/min) .06309
Inches 2.54
Miles 1.609
Square miles (miz) 2.590

To obtain SI units

hectares (ha)

cubic metres (m3)
cubic kilometres (km3)
metres (m)

litres (1)

cubig metres per day
(m3/d)

litres per second

(1/s)
centimetres (cm)
kilometres (km)

square kilometres
(km




GROUND-WATER AVAILABILITY IN THE BELCOURT AREA,
ROLETTE COUNTY, NORTH DAKOTA

By P. G. Randich

ABSTRACT

Test drilling and geologic data indicate that there are
two potential aquifers in the Belcourt, N. Dak. area capable
of supplying a sufficient quantity of ground water for the
city of Belcourt. The Fox Hills aquifer, located about 3
miles (4.8 kilometres) west of Belcourt, could yield a sufficient
quantity, as much as 500,000 gallions per day (1,900 cubic
metres per day), of ground water for Belcourt, but the quality
is unsuitable for a public supply. The Shell Valley aquifer,
located about 5 miles (8 kilometres) southwest of Belcourt,
appears to contain the quantity and quality of ground water

required for the city of Belcourt municipal supply.

INTRODUCTION

Purpose and Scope

At the request of the U.S. Public Health Service, the
U.S. Geological Survey is conducting a ground-water study in
the Belcourt, N. Dak. area. The purpose of the study is to
locate a suitable ground-water supply for the city of Belcourt,
N. Dak.

The ground-water study is being conducted in two phases.
Phase 1 consists of a reconnaissance of the ceology and hydrology
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of the area, test drilling, sample description, electric
logging, observation-well installation, water sampling for
chemical analyses, and preparation of a report describing the
major findings and recommendations. The selection of a ground-
water source will be based on the results of phase 1.

Phase 2 consists of well construction, aquifer testing
and analyses, and water sampling and analyses. The objectives
of phase 2 are to determine proper well spacing and long-term
adequacy of the ground-water source selected.

This report is the result of phase 1 of the study.
Location of the Area and Present Water Supply

The city of Belcourt has a population of about 1,900 and
is located in northeastern Rolette County, north-central North
Dakota (fig. 1). The study area consists of about 96 mi2

(249 km2) in and near the Turtle Mountain Indian Reservation.
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FIGURE 1.--Location of study area.



The present (1973) municipal water supply is obtained
from Belcourt Lake located 2 miles (3 km) north of Belcourt.
Present usage is about 225,000 gal/d (850 m3/d). Future needs
may be as much as 500,000 gal/d (1,900 m3/d). There are many
private wells in the area, which range in depth from about 20
to 400 feet (6 to 122 m) (U.S. Public Health Service, written
commun., 1973), and supply water for domestic and livestock
uses. Many of these wells produce only small quantities of

poor quality water.
Well- and Test-Hole Numbering System

The well- and test-hole numbering system used in this
report is illustrated in figure 2 and is based upon the
location of the well or test hole within the grid established
by the U.S. Bureau of Land Management's survey of the area.
The first numeral denotes the township north of a base line;
the second numeral denotes the range west of the fifth prin-
cipal meridian; and the third numeral denotes the section in
which the well or test hole is located. The letters A, B, C,
and D designate, respectively, the northeast, northwest,
southwest, and southeast quarter sections, quarter-quarter
sections, and quarter-quarter-quarter sections (10-acre or 5-
ha tracts). Consecutive terminal numerals are added if more
than one well is located within a given 10-acre (4-ha) tract.
Thus, well 162-069-15DAA is in the NE4NE%SEY% sec. 15, T. 162
N., R. 69 W. Similarly, well 162-069-08DCD2 is the second
well located in the SE4SW%SEY% sec. 8, T. 162 N., R. 69 W.

yll
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Previous Studies

A general study of the geology and ground-water resources
of Rolette County was made by Simpson (1929). A ground-water
reconnaissance of the Rolla-St. John area was made by Brookhart
and Powell (1961). Municipal ground-water studies were made
for Rolla (Schmid, 1964) and for St. John (Froelich, 1967).

The geology of Rolette County was described by Deal (1971).
GEOLOGY AND OCCURRENCE OF GROUND WATER
Bedrock Formations

Consolidated rocks underlying the glacial drift in the
Belcourt area are termed bedrock. The youngest of these rocks
are of Cretaceous and Tertiary age! (table 1). The following
formations are described from oldest to youngest.

Pierre Formation.--The top of the Pierre Formation under-

lies glacial deposits in the eastern part of the area at an
altitude of about 1,550 feet (470 m) above mean sea level and
in the western part at about 1,500 feet (460 m). Silty lenses
and fractures in the upper part of the formation may yield

small quantities of water to wells.

The stratigraphic nomenclature used in this report is that of
the North Dakota Geological Survey and does not necessarily

follow the usage of the U.S. Geological Survey.



Fox Hills Formation.--The Fox Hills Formation is a mod-

erately productive aquifer west of Belcourt where it contains

a sandstone bed as much as 56 feet (17 m) thick (162-071-
26BAAT). This sandstone generally occurs at altitudes between
1,650 and 1,750 feet (500 and 530 m). Wells in this aquifer
were reported to yield from 10 to 100 gal/min (0.63 to 6.3 1/s)
(U.S. Public Health Service, written commun., 1973).

Hell Creek Formation.-~The Hell Creek Formation was not

identified during drilling in the Belcourt area, but may be
present in the northwestern part of T. 162 N.

Cannonball and Tongue River Formations.--The Cannonball

and Tongue River Formations were not identified during test
drilling in the Belcourt area. These formations are present
above an altitude of 1,800 feet (549 m) west and north of the

Belcourt area (Deal, 1971, p. 12).
Glacial Drift

Glacial drift was fully penetrated by 19 test holes in
the Belcourt area (table 2). Thickness of the drift ranged
from 113 to 430 feet (34 to 131 m) and averaged 2471 feet
(73 m). The drift, which consists of about 30 percent till
and 10 percent glaciofluvial silt, sand, gravel, and cobbles,
is divided into (1) till and aséociated sand and gravel
deposits, (2) ice-contact deposits, and (3) surficial-outwash

deposits.



Till and associated sand and gravel deposits.--Till is

used in this report both as a genetic and descriptive term
indicating an unsorted, unstratified, cohesive mixture of
particles ranging in size from clay to boulders. Till may
contain relatively thin isolated deposits of glaciofluvial
sand and gravel (pl. 2). Till has a low hydraulic conduc-
tivity, but a well developed in the interbedded sand and
gravel generally yields 1 to 20 gal/min (0.06 to 1.3 1/s).

Several sand and gravel deposits occur above and below a
buried oxidized zone in the Belcourt area (pl. 2, sec. A-A'),
but they are not thick enough to be considered a potential
aquifer for the city of Belcourt.

Ice-contact deposits.--Ice-contact deposits consist

mostly of stratified silt, sand, and gravel deposited in
contact with melting glacial ice. Three test holes (162-070-
20AAB, 162-070-08DAA1, and 162-070-15BAB1) drilled through
ice-contact deposits penetrated several sand beds capable of
yielding moderate to large quantities of water (table 2).
However, test holes drilled several hundred feet from these
sites showed the ice-contact deposits to be absent or very
thin. Although they are generally thin and local, some ice-
contact deposits probably could be used as a supplemental
water source for the city of Belcourt.

Surficial-outwash deposits.--Surficial-outwash deposits,

consisting mostly of sand and gravel, underlie plains and

narrow valleys in parts of the Belcourt area. These deposits
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were penetrated by eight test holes--four test holes in the
Wolf Creek valley and four in the Shell valley outwash (pl.
1). Thickness of surficial outwash in the Wolf Creek valley
ranged from 17 to 25 feet (5 to 8 m) and averaged 20 feet (6
m). In the Shell valley outwash, the thickness ranged from 31
to 35 feet (9 to 11 m) and averaged 33 feet (10 m). Neither
the quantity nor quality of the ground water in the surficial
outwash in the Wolf Creek valley appears adequate for the city
of Belcourt municipal supply.

The Shell valley outwash appears to be the best potential
source of ground water in the Belcourt area. Based on esti-
mates of average porosity, thickness, and areal extent, the
Shell Valley aquifer contains about 5,000 acre-feet of water
per square mile (0.002 km3/km2). About half of this amount
would be available to wells. The water levels are about 9
feet (3 m) below land surface, and water movement through the
unconfined deposits appears to follow the topographic gradient
to the southwest (pl. 2, sec. B-B'). Recharge is derived from
precipitation percolating through surface materials. Some
recharge may be derived from Wolf Creek during spring runoff
or seasonal rains. Most of the time, however, there is no
flow in Wolf Creek.

The area underlain by surficial-outwash deposits, desig-
nated the Shell Valley aquifer in this report, is considered
the most feasible for development during phase 2 of this study
(pl. 1). It is about 5 miles (8 km) southwest of Belcourt and

is about 200 feet (60 m) lower in altitude than Belcourt.

#
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Alluvium

AlTuvial deposits in the Belcourt area consist of clay,
silt, sand, and gravel. They occur in shallow depressions,
sloughs, lakes, and in valleys of perennial and intermittent
streams. Because the deposits are relatively thin and contain
small quantities of water they are not considered to be a

reliable source of water for Belcourt.

QUALITY OF WATER

The chemical analyses of water samples collected during
this study and previous studies provided data on the chemical
quality of the ground water in the Belcourt area. These
analyses are listed in table 3.

Water for drinking purposes is frequently evaluated for
suitability by comparing the concentration of various constit-
uents with the following minimum standards recommended by the
U.S. Public Health Service (1962):

Concentrations in

Constituent milligrams per litre (mg/1)
Iron (Fe) 0.3 [300 micrograms
per litre (ug/1)]
Manganese (Mn) .05 (50 pg/1)
Sulfate (S0g) 250
Chloride (C1) 250
Fluoride (F) .6-1.7
Nitrate (NO3) 45
Dissolved solids 500



Chemical analyses of 18 ground-water samples from the
Belcourt area (table 3) indicate that concentrations of iron,
manganese, sulfate, and dissolved solids in most aquifers
exceed minimum drinking-water standards. Highest concen-
trations were found in the samples of ground water from bed-
rock formations; lower concentrations were found in samples
from sand and gravel deposits in the till and alluvium; and
lowest concentrations were found in samples from ice-contact

and outwash deposits.
CONCLUSIONS

Phase 1 of the study showed that there are two potential
aquifers in the Belcourt area capable of supplying a sufficient
quantity of ground water for the city of Belcourt. The first
aquifer is located about 3 miiles (5 km) west of Belcourt (near
test hole 22, pl. 1), and consists of about 56 feet (17 m) of
sandstone. Although it may provide the required quantity of
water, the quality of the water does not meet minimum U.S.
Public Health Service (1962) requirements.

The second aquifer is located about 5 miles (8 km) south-
west of Belcourt near test holes 18, 19, and 20 (pl. 1). This
aquifer consists of about 30 feet (9 m) of sand and gravel in
the Shell valley outwash. The Shell Valley aquifer appears to
contain the quantity and quality of ground water required for

the city of Belcourt (pl. 1).
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Aquifer testing and related work proposed for phase 2 of
this study could be performed near section lines bordering the
south and east sides of the SE% sec. 3, T. 161 N., R. 71 W.
(p1. 1).

Phase 2 will consist of the following:

1. Observation-well installation at 10 sites using 1%-inch
(3.2-cm) pipe with 3-foot (1-m) No. 18-slot screen for
the purpose of collecting aquifer-test data. The wells
would range from 30 to 50 feet (9 to 15 m) in depth.
Total drilling probably would not exceed 500 feet
(152 m).

2. Installation and development of a 6-inch (15-cm) diameter
test well with 10 feet (3 m) of 5- to 6-inch (13- to
15-cm) diameter No. 35-60-slot screen between 25 and 35
feet (8 and 11 m) below land surface.

3. Pumping the test well at a constant rate of about 200
gal/min (12.6 1/s) for 72 hours and discharging the water
through a pipeline into Wolf Creek.

4. Collection and analysis of water samples.

5. Monitoring water-level declines and recovery in the test
well and observation wells during and after pumping.

6. Removal of all wells not needed by the U.S. Public
Health Service for future use.

7. Analysis of aquifer-test data and preparation of the

final report.

#
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TABLE 1.--Generalized section of the geologic units and their water-yielding and water-quality

characteristics in the Belcourt area

Estimated
rat- thickness Water-yielding and water-quality
hem | System | Series Geologic unit ft) Character characteristics
@
S| Alluvium 15 Detrital deposits (chiefly stream) Yields smal) water supplies for domestic
g in valleys. Sand, silt, clay, and and livestock. Water high in iron con-
- gravel; generally stratified and tent and hard.
£ - oxidized. o |
—|Surficial-outwash 50 Unconsolidated sand and gravel! with Yields of about 300 gal/min are l1ikely
= deposits a 1ittle silt. Of glaciofluvial where relatively thick sand and gravel
- origin. Occur in plains and assoc- beds occur, Fine-grained beds yield
s iated melt-water drainage channels. smaller quantities of water. Water is
5 2 generally low in dissolved solids and
= a 1 of a calcium bicarbonate type.
= =]
= o £jlce-contact 50 Unconsolidated stratified silt, Yields relatively moderate supplies (25
- c «| deposits sand, and gravel of glaciofluvial 1 to 50 gal/min) of water where areal
= 2 3 origin. Occur as karmes, eskers, extent and saturated thickness are
& =4 o a or similar glacial features. | cufficient. Water is generally of a
= g Small areal extent. calcium to magnesium bicarbonate type.
~N L o
g = 2 Ti11 and 450 Unconsolidated, unsorted ¢lay to May yield very small quantities of water,
@ asscciated boulders, Locally contains glac- but the supply, especially from shallow
= %!sand and gravel iofluvial silt, sand, and gravel. dug wells, is undependable in long dry
. deposits Sand and gravel deposits fre- periocds. Isolated bodies of sand and
] quently occur as surficial and gravel occur within the till. These
pd buried zones of oxidized sediment. yield relatively small supplies (1 to
° 20 gal/min), but steady withdrawals are
= limited because recharge from surround-
b ing till is slow.
Tongue River 100 Light-tan, yellow, and white Yields moderate quantities of water at
. - Formation sandstone and sandy gray limo- most places. Water from lignite
L s n1tic_sha1e. Terrestrial., frequently is brown.
b ° Contains lignite beds in places.
- —
oot o Cannonball 250 Light- to dark-brownish-gray Yields moderate quantities of water at
Fermation shaly sandstone and dark marine most places. Generally water is high
shale. in sulfate.
Hell Creek 200 Somber-gray bentonitic shale, Yields moderate guantities of water
Formation siltstone, and fine sandstone. generally of a sodium bicarbonate
- Sometimes lignitic in the upper suifate type.
3 part., Concretions of mangano-
- < siderite and marcasite.
O - o
o b 3 Fox Hills 300 Grayish-green marine sandstone, Yields as much as 100 gal/min from sand-
g - : Formation siltstone, and shale. stone. Locally contains water under
v oo © Ferruginous. confined conditions. Generally a sodium
= *~ 9 bicarbonate type.
e a
£ Pierre Formaticn S00 Bluish-gray to dark-gray marine Generally not considered as & source of
shale. Fossiliferous. Contains water for wells in the study area.
many concretions and some silty
lenses.




TABLE 2.--Lithologic logs of wells and test holes
in the Belcourt area

EXPLANATION

Lsd, land surface datum MP, measuring point

161-071-02AAA
Test hole 16
Altitude 1,805 feet

Geologic Thickness Depth
_source  Material (feet) (feet)

Glacial drift:
Gravel, fine to very coarse;

cobbleSmmmmmmm e 12 12
Sand, medium to very coarse,
gravelly-----eemmmacmma e 6 18

Till, olive-gray; sand and gravel

lenses at 37-38, 45-46, 75-76,

and 150-153 ftecemecmmmcmae e 138 156
Till, olive-gray, sandy; very

tight in places; fairly loose

and sandy to 220 ft-=--cmmmeuc-un 96 252

Fox Hills Formation(?):
Shale, 1ight-gray, silty, smooth;

leached appearance--------v-w--- 10 262
Shale, dark-brownish-gray, tight,
R R A i 18 280

161-071-02BBC
Test hole 18
Altitude 1,785 feet

Glacial drift:
Clay, medium-gray, silty to sandy- 12 12
Gravel, medium to coarse, sub-
rounded; about 60 percent carbo-
nates, 30 percent shale, and 10

percent granitics and quartz---- 23 35
Sand, medium to coarse, gravelly-- 10 45
Till, olive-gray, silty---=cceu--- 7 52
Gravel, medium, sandy-----==vc-=--- 1 53

Till, olive-gray, silty; sand and
gravel lenses at 57-58, 63-64,
70-72, and 95-96 fte---c-wceumuann 54 107
Till, olive-gray, silty; inter- :
bedded with thin lenses of sand;
some cobbles and boulders------- 51 158
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161-071-02BBC, Continued

Geologic
source Material

Glacial drift, Continued:
Till, 1light-gray, sandy, silty;
leached appearance--------cew-u-
Till, medium-dark-gray, silty;
some boulders===--ccocecmcnanu--

Fox Hills Formation(?):
Shale, dark-brownish-gray, bento-
nitic; interbedded with lenses
of siltstone-=cecccommmcnnnnna

161-071-04DDC
Test hole 20
Altitude 1,740 feet

Glacial drift:
Gravel, fine to coarsg-re=sas=ccas
Silt, olive-gray===-=----eocoom---
Sand, fing to COArSg-w-—c—cancamax
Clay, olive-gray, silty----=--- R
Gravel, medium to coarse, sandy---
Sand, silty to clayey----==-=cee---

Note: Installed 25 ft of 1%-inch plastic pipe, No.

Thickness Depth
(feet) (feet)
14 172
43 215
25 240
10 10
4 14
6 20
4 24
11 35
5 40

18-slot

screen 24-30 ft. MP top of casing 1.00 ft above 1sd.

Water level 8 ft below 1sd.

161-071-10BBR
Test hole 19
Altitude 1,742 feet

Glacial drift:

Topsoil, brownish-black, sandy----

Gravel, medium to coarse, sub-
rounded; about 60 percent carbo-
nates, 20 percent shale, and 20
percent granitics and quartz----

Sand, medium to coarse, gravelly--

Gravel, fine to medium, sandy-----

Till, olive-gray; interbedded with
lenses of very sandy clay-------

Till, olive-gray, silty--=--v-----

15

16
31

82
124



161-071-10BBB, Continued

Geologic Thickness

source Material

Glacial drift, Continued:
Till, medium-gray, silty---=--=w--
Till, dark-gray, silty; interbedded
with lenses of sandy clay-------

Fox Hills Formation(?):
Shale, medium-gray; interbedded
with lenses of brown sandy silt-

Note: Installed 25 ft of 1%-inch plastic pipe

Depth

(feet) (feet)
17 141
47 188
52 240
No. 18-slot

screen 24-30 ft. MP top of casing 1.00 ft above 1sd.
Water level 8 ft below 1sd. Pumped for water sample.

162-069-06BAB
Test hole 6-797
Altitude 1,862 feet
(Log from Schmid, 1964)

Glacial drift:
SOl mmm e e —
Till, moderate yellowish brown,
calcareous, oxidized---=-w=-=----
Gravel, granule to pebble, sandy,
angular to rounded, poorly
sorted-=ccommmmm e e
Till, olive gray, calcareous---~---
Sand, medium to very coarse,
gravelly, angular to rounded,
unsorted---=ecmmemmm i
Till, olive-gray, calcareous------
Gravel, granule to pebble, sandy,
rounded, unsorted------c-ececeu--
Till, olive gray, calcareous------
Till, grayish olive, calcareous,
partially oxidized (probably
reworked oxidized till)~-----m-=--
Till, 1ight olive brown, calcar-
eous, oxidized---=-ccommcccnan--
Gravel, granule to pebble, sub-
angular to rounded--------c-~----
Till, olive gray, calcareous
(sandy, granule to pebble,
gravel from 103 to 106 ft)------

16

25

— ~ N

(62 ROV

43

20

26

28
35

36
25
42
47
51
94
99

119



162-069-06BAB, Continued

Geologic Thickness Depth
source Material (feet) (feet)

Glacial drift, Continued:
Till, 1ight olive brown, calcar-

eous, oxidized=---cvc-cmmmanuanna- 15 134
Till, Tight olive gray, ca1car—
eous, partially oxidized--=-=--- 12 146

Undifferentiated bedrock:
Silt, light olive brown, clayey,

calcareous, oxidized----=-=ww=-=- 11 157
Silt, greenish gray, clayey, cal-

CAYEOUS === mmmmm ettt e 5 162
Sand, bluish gray, very fine to

fine, silty, calcareous----===== 4 166
Sandstone, bluish gray, calcar-

BOUS ===~ - e mm e a e 2 168

162-069-18AAA
Test hole 160
Altitude 1,830 feet
(Log from Schmid, 1964)

Glacial drift:

SO ilmmm e e 1 1
Till, yellow, oxidized===-=c-uc---- 11 12
Till, gray-==-ccmammm e 2 14
Sand, medium to very coarse,

gravelly--cemecm e e b 19
Till, gray---e-cmcmmmm e e 18 37
Sand, medium to very coarse,

gravelly-cceccmmmm e 2 39
Till, brown to gray, partially

oxidized-=-cmemmmm e 31 70
Till, gray-=-cceccmmmmm e e e e 43 113

Undifferentiated bedrock:
Silt, gray, sandy---=c-cceceeenaa- 20 133
Shale, gray---==-w-w-- memmme e 17 150




Geologic
source

162-069-18BBB
Test hole 4-797
Altitude 1,855 feet
(Log from Schmid, 1964)

Material

Glacial drift:

Gravel, granule to pebble, sandy,
subangular to rounded-----------
Till, moderate yellowish brown,
calcareous, oxidized-==wew-e-n--
Till, olive gray, calcareous------
Till, dusky yellowish brown to
olive black, calcareous,
partially oxidized (may be
reworked oxidized till)--=-c-w--
Sand, clayey, rounded quartz------
Till, moderate yellowish brown,
calcareous, oxidized------=----=-
Gravel, granule to pebble, sandy,
subangular to rounded--------=--
Till, moderate yellowish brown,
calcareous, oxidized---=-ewmeu--
Till, olive gray, calcareous-~-----
Gravel, granule to cobble, sandy,
very angular to rounded------=-=
Till, olive gray, calcareous------
Till, 1ight olive brown, calcar-
eous, oxidized--==--cmecccncnan-
Till, olive gray--=-=--cccceeea-u-
Sand, clayey to gravelly----------
Till, olive gray, calcareous------

Pierre shale:

Shale, dark greenish gray, silty,
NONCAlCAreOUS ~~—c~cmmcc e wamn -

18

Thickness Depth
(feet) (feet)
2 2
10 12
20 32
19 51
1.5 8245

10.5 63
4 67
33 100
7 107
18 125
12 137
21 158
10 168
8 176
112 288
16.5 304.5



162-069-18DDD
Test hole 171
Altitude 1,836 feet
(Log from Schmid, 1964)

Geologic Thickness Depth
source Materijal (feet) (feet)
Glacial drift:
SO0flemm e i 1
Till, yellow, oxidized==v-eweuua-- 17 18
Sand, medium to very coarse,
gravelly--ccemmm e e 21 39
Till, gray---=--ccemmmmmmm e neem 17 56
Till, brown, oxidized-==cceecemn--x 15 71
Til1l, gray (finer grained from 144
to 189 feet)-==cecncccccncaccna- 118 189
Sand, gravelly=ecececcccmmc e eaeea 1 190
Till, gray=-e-ceemmcmm e e 6 196
Undifferentiated bedrock:
Shale, gray-==-cecmcmmmmmmmeeeae—n 14 210
162-070-06DAA
Test hole 5
Altitude 2,020 feet
Glacial drift:
Topsoil, brownish-black-=wwmmueun- 1 1
Till, moderate-yellowish-brown,
sandy, calcareous, oxidized----- 23 24
Till, medijum-gray, sandy, calcar-
BOUS-==mm e e - 39 63
Till, olive-gray; occasional
cobbles and boulders--------c--- 27 90
Boulder, granite-----=-cceceuouu--- 1 91
Till, olive-gray, calcareous-=-=---- 12 103
Till, olive-gray; gravelly in
PlaCesSemmm e e e e 21 124
Till, olive-gray; interbedded with
thin lenses of sandy gravel;
occasional cobble or boulder---- 79 203
Till, olive-gray, calcareous;
occasional cobble or boulder---- 33 236
Till, moderate- ye110w1sh brown,
sandy, grave]]y, iron- sta1ned
oxidized-==emmcccmm e e 16 252

19



Geologic
source

162-070-06DAA, Continued

Material

Glacial drift, Continued:

Gravel, medium to coarse, sandy,
subrounded to rounded; about 50
percent detrital shale, 30 per-
cent carbonates, and 20 percent

ranitics and sandstones
%oxidized Fe)ommmmmmm e ee e

Till, medium-gray, gravelly-------

Gravel, fine to coarse, subrounded
to rounded; about 20 percent
coarse sand, 30 percent detrital
shale, and 30 percent carbonates
remainder granitics and sand-
stonesS-----mmm e e

Till, olive-gray, gravelly to
sandy-=--=---ccccccmm e

Boulder, granite----------«-c--u--

162-070-08DAAT
Test hole 8
Altitude 2,020 feet

Glacial drift:

Gravel, reddish-brown, fine to
medium, oxidized==---vecccccana-
Till, yellowish-brown, sandy,
oxidizedmmmmmmcm e e -
Till, medium-dark-gray; some very
thin lenses of gravel-----------
Sand, fine to medium, subrounded;
predominantly carbonates and
shaleemecmcm e e -
Clay, olive-gray, silty-=---=~------
Sand, fine to medium, subrounded--
Clay, olive-gray, silty--==-=--=---
Sand, fine to medium, subrounded
to rounded; carbonates, shale,
and granitics-=-e-cmmmmemcnano
Clay, olive-gray-----=-=c--ccccuc--
Sand, fine to medium, subrounded
to rounded; carbonates, shale,
and granitics---------cmoeocnnn-

20

Thickness Depth
(feet) (feet)

4 256

3 259

8 267

16 283

- 283

2 2

14 16

71 87

9 96

3 99

3 102

3 105

7 112

5 117

13 130



Geologic
source

162-070-08DAA1, Continued

Thickness Depth
(feet) (feet)

Material.

Glacial drift, Continued:

Fox Hills

Till, olive-gray, sandy-----------
Boulder, limestone------c-ccmucena-
Till, olive-gray, sandy-----------
Boulder, Timestone----ccccomuunun-
Till, olive-gray, sandy to
gravelly-==-ccmcmmcm e
Bouldep-meme e e c e mm e
Sand, medium to coarse, subrounded
to rounded; about 25 percent
medium gravel; mostly carbonates
and shale-==cccmemcmm e
Till, yellowish-brown, sandy; about
about 50 percent sand-----------
Till, olive-gray; occasional thin
lenses of sand and gravel-------
Till, olive-gray, sandy; more
gravelly till than above---==-u--
Till, medium-gray, sandy----------
Till, dark-gray, tight-----ecau---

Formation(?):

Siltstone, greenish-gray, clayey--

Sandstone, greenish-gray, very
fine to fine, indurated---------

Sandstone, greenish-gray, fine,
unconsolidated---wcecmocamnannon

Shale, greenish-gray, silty-------

14
25
43
25
31

14

~N~

182
207
250
275
295
326
340
346

353
360

Note: Installed 175 ft of 1%-inch plastic pipe, No. 18-slot

screen 174-180 ft.
68 ft below 1sd.

21

MP 1.00 ft above 1sd.
Pumped for water sample.

Water level



Geologic
source

162-070-08DAA2
Test hole 9
Altitude 2,020 feet

Material

Glacial drift:

Gravel, fine to coarse, oxidized;
mostly carbonates, shale, and
granitics--cccemmmmm e

Till, medium-gray, silty; boulder
at 93 fteeeocmmmm e

Sand, fine to medium, clayey------

Boulder=mmeme e m e e e

Till, medium-gray, very silty-----

Sand, fine to coarse, silty to
clayey, subrounded, fairly
tightememmm et e

Boulder, sandstone-----=-=---vc-u---

Till, olive-gray, silty-----------

Boulder, lTimestone-------cecueou-u-

Till, olive-gray, silty to sandy--

Gravel, fine to coarse, sandy;
interbedded with thin lenses of
silty clay-=-==ccmcmmmmmmeceem e

Till, olive-gray, sandy------=~---

Till, olive-gray, gravelly to
bouldery=-memmm e e

Till, olive-gray; interbedded with
lenses of sandy gravel----------

Boulder, dolomite-==-ccmmmmmuaaan-

Till, yellowish-buff, sandy,
oxidized-===-mmmcm e e

Boulder, granite------c-cceocecoaa-

Till, medium-gray, tight; older
1 B B R e T

162-070-11BAA
Test hole 8-797
Altitude 2,000 feet
(Log from Schmid, 1964)

Glacial drift:

R R e
Sand, medium to very coarse,
gravelly-=e-ccmcm e e -
Till, moderate yellowish brown,
calcareous, oxXxidized-=v-=eeucem--
Till, olive-gray, calcareouS--=-=---

22

Thickness Depth
_(feet) (feet)
18 18
76 94
3 97
1 98
20 118
13 131
1 132
3 135
1 136
6 142
4 146
14 160
13 173
5 178
1 179
26 205
1 206
14 220
6 6
6 12
6 18
45 63



Geologic
source

162-070-12CCC
Test hole 162
Altitude 1,945 feet
(Log from Schmid, 1964)

Material

Glacial drift:

N R B e T
Till, yellow, oxidized-=-emmcmuan-n
Till, gray=---ccmmmcmm e e -
Sand, gravelly-=cccmcmc e
Till, gray-=--c-ccmcmec e e
Till, brown, partially oxidized
(may be reworked oxidized till)-
Till, gray--=-cecmcmm e
Till, yellow, oxidized-=--v-eccccuca-
Till, gray----cemmmm e e

Undifferentiated bedrock:

Clay, 1ight gray---=cceeecocaoaaa-
Shale, gray---==eeeacccacoaaacnnax-

162-070-12DDD
Test hole 161
Altitude 1,850 feet
(Log from Schmid, 1964)

Glacial drift:

N e R
Till, yellow, oxidized--=-we--a---
Sand, medium to very coarse,
gravelly-=--cmmmmcm e
Till, gray----c-mccmmmc i cae e
Sand, medium to very coarse,
gravelly-----ccmemmmacaanan -
Till, graye-eccmm e e e
Till, yellow, oxidized-==-eeeeeu--
Till, gray----cceecmmmmme e oo
Gravel, granule to pebble, sandy--
Till, gray=-=--=mecmccmmm e e
Till, yellow, oxidized-v--ececeana-
Till, gray---cceemmm e eee e

Pierre shale:

Shale, gray-====eeeoceommoaoonan-

23

Thickness Depth
(feet) (feet)

1 1
18 19
20 39

3 42
48 90

8 98
14 112
55 167
76 243
30 273
17 290

1 1

7 8

6 14
17 31

9 40
10 50
32 82
21 103
25 128
13 141
19 160
130 290
30 320




Geologic
source

162-070-14BBB
Test hole 163
Altitude 1,985 feet
(Log from Schmid, 1964)

Material

Glacial drift:

SO Tl mmmmr e e e e e
Till, yellow, oxidized------------
Till, graye-=---eemmcmca e e oo
Gravel, granule to pebble, sandy--
Till, gray-=-smeemccccmm e e o
Till, brown, partially oxidized
(may be reworked oxidized till)-
Till, gray-=---ceccmmemmeaacnaan
Till, yellow, oxidized------------

Undifferentiated:

Silt, gray, clayey to sandy, could
be till or bedrock-------cac-ce--

162-070-15BAB1
Test hole 10
Altitude 2,000 feet

Glacial drift:

Topsoil, brownish-black, sandy----
Gravel, fine to coarse, sandy,
oxidized-=--mcmmmc e
Till, yellowish-brown, sandy,
oxidized-==-mcmmmm e e -
Gravel, medium to coarse, well-
rounded-==--cmmcm e
Till, olive-gray, silty---=-------
Gravel, medium, sandy, rounded----
Till, olive-gray, sandy; some
cobbles and boulders-------c----
Till, olive-gray, sandy to
gravelly------cecemeaa-- e ———————
Gravel, fine to coarse, Ssandy-----
Till, olive-gray; occasional
cobbles and boulders-----cce-e--
Till, grayish-brown, sandy to
gravelly-meemmm e e e
Gravel, fine to coarse, sandy-----

24

Thickness Depth
(feet) (feet)
4 4
7 11
3 14
13 27
129 156
12 168
7 175
42 217
23 240
1 1
1 2
28 30
2 32
12 44
3 47
68 115
32 147
6 153
44 197
55 252
3 ¢5h5



162-070-15BAB1, Continued

Geologic
source Material

Glacial drift, Continued:
Till, olive-gray, silty--=----=-----
Sand, fine to coarse, rounded-----
Till, yellowish-gray to brown,
sandy, oxidized; older till-----
Sand, fine to medium, silty-------
Till, dark-gray, very sandy--~-----

Fox Hills Formation(?):
Clay, greenish-gray, plastic------
Sandstone, grayish-green, very
fine to fine, clayey------------
Siltstone, grayish-green, semi-
consolijdated===cmcmcemcccennno-

162-070-15BAB2
Test hole 10A
Altitude 2,000 feet

Glacial drift:
Topsoil, brownish-black, sandy----
Till, yellowish-brown, sandy,
oXidizedeemmmmmm e e
Gravel, medium to coarse, sandy,
rounded==-memem e e o -
Till, olive-gray, silty----=-------

162-070-17AAA
Test hole 11
Altitude 2,009 feet

Glacial drift:

Gravel, fine to coarse, subrounded
oxidized; carbonates, granitics,
and silicates==--cmocmocnmonnnn-

Sand, fine to coarse, rounded;
about 60 percent detrital shale
and 30 percent carbonates;
interbedded with thin lenses of
SilTty clay-memememmmm e e e o

Ti1l, medium-gray, silty, tight;
interbedded thin sand lenses at
72 and 92 fteeemecmmcmccmm e mn e

Till, olive-gray, silty, tight----

25

Thickness Depth
(feet) (feet)
36 291
4 295
17 312
2 314
12 326
6 332
15 347
13 360

|
|
1 1
|
29 30
15
15

-]
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162-070-17AAA, Continued

Geologic Thickness Depth
source Material (feet) (feet)
Glacial drift, Continued:
Cobbles and boulders--------ceeun- 4 119
Ti1l, medium-gray, silty----==-==--- 38 157
Gravel, fine to coarse, sandy;
saturated-------ceememrma e 2 159
Till, dark-gray, sandy-----==-==«-~ 3 162
Gravel, fine to coarse, sandy----- 1 163
Till, olive-gray, gravelly;
boulders=eecememm e 25 188
Ti1l, medium-gray, sandy-=----==-- 17 205
Till, yellowish-brown, sandy,
oxidized: boulders-wecececucucna- 12 217
Gravel, fine to medium, silty to
sandy; boulders----v-eceocnonon- 4 2201
Till, dark-gray, silty, tight----- 29 250
Gravel, fine to medium, sandy,
silty; saturatede--ccecmcanaua-- 7 257
Ti1l, dark-gray, silty--=--=--=wu-- 13 270
Fox Hills Formation(?):
Siltstone, medium-Tight-gray,
bentonitic--memmmcmmm e 18 288
Shale, light-gray, silty; leached 1
APPELAraANCEe===mmmm e m e o m e 10 298
Siltstone, light-gray, sandy,
bentonitic-=memmmccnm e - 22 320
162-070-18ADD
Test hole 6
Altitude 2,040 feet
Glacial drift:
Topsoil, brownish-black----------- 1 1
Till, moderate-yellowish-brown,
clayey; silty in places--------- 74 3
Clay, medium-light-gray, Taminated;
iron stains; lignite smears----- 29 32
Ti11l, medium-dark-gray, silty----- 26 58
Till, olive-gray, silty to sandy;
some boulders; occasional gravel
1eNseS—mm o e 9 67
Till, olive-gray, very silty------ 43 110
Till, olive-gray, very silty to
Sandy-----c-mmmm e 51 161

26



162-070-18ADD, Continued

Geologic
source Materijal

Glacial drift, Continued:
Till, olive-gray, silty to sandy;
lTignite smears-=---cccccmacuacnnx"
Till, olive-gray, gravelly;
occasional cobble or boulder----
Gravel, fine to medium, sandy-----
Till, olive-gray; interbedded with
thin lenses of gravel--------w--
Gravel, medium, sandy----------=--
Till, yellowish-brown, oxidized---
Gravel, medium to coarse, sandy,
oxidized-=--cmmmmc e -
Till, yellowish-brown, gravelly,
oxidized--=--mmccmcmm e
Till, moderate-yellowish-brown,
oxidized; iron stains----w-=-----
Gravel, medium to coarse; some
clayey till lenses-----cecccnn--
Till, olive-gray, silty-----=------
Gravel, medium, sandy-----==--=--=~
Till, olive-gray, sandy to
gravelly--ceccmmmmm e e o -
Gravel, fine to medium, sandy-----

Fox Hills Formation(?):
Clay, medium-bluish-gray, silty to
SANdY=---cmm e

162-070-20AAB
Test hole 12
Altitude 1,970 feet

Glacial drift:

Gravel, fine to coarse, subangular,

oxjdized-mmommmmmm e e -
Till, olive-gray, silty-----------
Gravel, fine to medium; about 30
percent carbonates, 40 percent
shale, 30 percent granitics,
etc.; sand lenses 29-32 and
45-47 ft; thin silty clay
lenses 73-83 fteeocmmconconnann--
Till, brownish-gray, oxidized;
some cobbles-==mcmcmcmrcmer e

27

Thickness Depth
(feet) (feet)
|
|
29 190
13 203
6 209
25 23L
2 236
6 247
24
10 25
18 276
8 28,
2 28@
7 29E
43 33
8 34r
36 38P
12 12
10 2F
|
|
61 83
47 13F
\
.
\




Geologic
source

162-070-20AAB, Continued

Material

Glacial drift, Continued:

Fox Hills

Gravel, fine to medium, clayey----
Till, olive-gray, silty-----------
Till, yellowish-brown, sandy,
gravelly, oxidized-=--mccmceu-n-
Gravel, medium, clayey, angular---
Till, medium-gray, silty----------
Sand, medium, silty to clayey-----
Clay, olive-gray, silty--=---------
Gravel, fine to medium, sandy-----
Ti1l, olive-gray, sandy------ece--
Gravel, fine to medium; interbedde
with lenses of silty clay-------
Till, medium-dark-gray, silty-----
Til1l, dark-gray, sandy---------=--
Gravel, fine to medium, angular---
Till, dark-gray, silty-----cc-cen--

Formation(?):

Clay, medium-gray, silty,
bentonitic-=--mcememcm e

Sandstone, medium-gray, fine,
indurated=--memcmm e e

Siltstone, light-gray, sandy,
bentonitic-==cmmmmmc e

Note: Installed 70 ft of 14%-inch plastic pipe, No.
screen 69-75 ft. MP 1.00 ft above 1s

14 ft below 1sd.

162-070-20AAC
Test hole 21
Altitude 1,960 feet

Glacial drift:

Gravel, fine to coarse, subrounded
to rounded; cobbles; mostly
carbonates-~=-ccmmmm e m oo

Till, olive-gray, silty to sandy--

Till, olive-gray, very sandy,
gravelly----ccmmmmm e -

Till, olive-gray, silty-----------

Gravel, medium; interbedded with
thin lenses of silty clay-------

28

Thickness Depth
(feet) (feet)

6 136

17 153

20 173

5 178

28 206

5 211

3 214

4 218

3 22|l

d

10 231

32 263

10 278

5 278

4 282

12 294

5 299

21 320
18-slot

d. Water level

Pumped for water sample.
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162-070-20AAC, Continued

Geologic Thickness Depth
source Material (feet) (feet)
Glacial drift, Continued:
Till, olive-gray, silty-«-----=---- 18 98
Sand, fine to medium, gravelly----- 1 99
Till, olive-gray, silty-~=-cecw-c--- 3 102
162-070-29CBC
Test hole 13
Altitude 1,884 feet
Glacial drift:
Gravel, fine to medium, oxidized-- 4 a4
Sand, very fine to very coarse,
oxidized=wemmmmmcm e e 15 19
Till, olive-gray, silty---cceecee-- 63 82
Till, medium-gray, tight---=------- 10 92
Till, olive-gray, silty---ceeceme-- 23 11p
Till, olive-gray, sandy to
gravelly----ccemcmm e o - 3 118
Till, olive-gray; sandy gravel
138-139 fteemmmmm e 28 146
Gravel, fine, sandy-----=---------- 2 148
Till, olive-gray, sandy----=-=-=u- 4 152
Fox Hills Formation(?):
Clay, light-gray, silty to sandy;
leached appearance----wceceomuaua- 32 184
Shale, medium-gray, silty--------- 34 218
Sandstone, dark-greenish-gray, very
fine to medium, clayey---------- 12 23D
Siltstone, greenish-gray, semi-
consolidatedemmememm e - 86 316
Shale, grayish-brown, fissile----- 10 326
Siltstone, greenish-gray, bento-
nitic; carbonaceous streaks----- 36 362

Pierre Formation:
Shale, dark-gray; some brownish-
gray; some lenses are indurated- 74 436
Shale, bluish-black, siliceous,
tight; bentonitic in places
(booted up in hole)-=--cemceuan- 64 500

29




162-070-30CCC
Test hole 14
Altitude 1,855 feet

Geologic
source Material

Glacial drift:
Gravel, fine to coarse, sandy,
subangular to rounded, oxidized-
Sand, fine to coarse, subrounded--
Clay, medium-gray, silty to sandy-
Till, olive-gray; occasional thin
lenses of gravel; sandy 51-52,
58-60, and 71-72 ftecemeaceauana-
Gravel, fine to medium, sandy;
mostly detrital shale----- ——————
Till, olive-gray, silty; some
cobbles-cmmmm e
Sand, fine to coarse, gravelly,
very clayey---eemcmmma e
Till, medium-gray, silty---=----- --

Fox Hills Formation(?):
Clay, light-gray, sandy; leached

appearanCe=-=memsceccccccncaccan—"-
Sandstone, grayish-blue, fine to

T T NI o 5 o o s e e s e e i
Siltstone, bluish-gray, sandy to

Clayey==memmemecmcmcmecccce e

Sandstone, grayish-blue, fine to
medium, semiconsolidated,
friable; flows=-cemomccncaaunano

Shale, bluish-gray; interbedded
with thin lenses of indurated
sandstone---==ceemm e

162-071-04ACC
Test hole 4
Altitude 2,160 feet

Glacial drift:
Topsoil, brownish-black, sandy----
Till, moderate-yellowish-brown,
sandy, oxidized; lignite smears-
Till, medium-gray, cohesive,
silty to sandy----ceococmmcnana-
Till, medium-dark-gray, silty,
SE L e B T T T e ————
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Thickness Dep&h
(feet) feet)
i |
12 12
5 17
4 21
69 9
3 9
19 11
10 12
5 12
!
9 136
6 14
2 14
|
10 15?
|
6 160
|
1
28 2
13
57
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162-071-04ACC, Continued

Geologic Thickness Depth
source  Material (feet) (feet)

Glacial drift, Continued:
Gravel, medium to coarse, sandy,
clayey-===mmememomme e - 9 10
Ti1l, olive-gray, silty to sandy;
some cobbles and boulders; thin

lenses of gravel------cecmneannan- 40 14
Ti11, olive-gray, silty to sandy:

occasional cobble or boulder---- 30 17
Till, olive-gray; lenses of

gravel--e-mcemmmme e e 12 19
Till, olive-gray, silty; occas-

jonal cobble or boulder------=--- 40 23
Ti11l, dark-gray, silty; occasional

boulderge-emmmmmmc e e e e 28 25
Till, dark-gray, silty teo

gravelly--cecemmmmmmmm e 3 26
Till, dark-gray, silty; occasional

bouldersS==emmmmm e e e e e e 34 29
Till, moderate-yellowish-brown,

silty, oxidized; iron stains---- 25 32

162-071-26BAA1
Test hole 22
Altitude 1,965 feet

Glacial drift:

Topsoil, brownish-black, sandy---- 4
Till, yellowish-brown, sandy,
silty, oxidized--=-----cvc-nu-u- 8 12
Till, olive-gray, silty--=-=--=-=---- 25 3
Gravel, medium, rounded----------- 1 3
Till, olive-gray, silty------=---- 26 6
Gravel, medium, sandy; mostly
carbonates=-=meccmmc e m e 3 67
Till, olive-gray, silty----=-===-=-- 1% 82
Till, yellowish-brown, sandy,
oxidizedemmmmmmmm e e e e 12 94
Gravel, medium, subangular; mostly
carbonates-==-=cmmmm e m e 8 102
Clay, medium-gray, silty--==--=-=-=- 2 104
Gravel, fine to medium, sandy----- 3 107

Till, yellowish-brown, silty,
sandy, oxidized---=me-cmeconmun- 23 130
Till, dark-brown, very carbo-
naceous; wood fragments--------- 6

31



162-071-26BAA1, Continued

Geologic Thickness Depth
source Material (feet) (feet)

Glacial drift, Continued:
Sand, fine to coarse, gravelly---- 1 1

Till, yellowish-brown, sandy,
oxjidizedememmomme e - 13
Till, dark-gray, silty----==-==wu-- 25
Sand, medium, gravelly---=-----=---- 1

Hell Creek-Fox Hills Formations(?): %
3

ST R |
-~~~ OY (98]

Sandstone, dark-grayish-green,
very fine, clayey--------=---m--- 9
Shale, grayish-green, silty------- 27
Sandstone, grayish-green, very
fin@eemecmm e e e -
Shale, grayish-green, silty-------
Siltstone, greenish-gray, clayey--
Sandstone, grayish-green, very
fine to fine; indurated in
places; lignite chips----=--==-- 56
Siltstone, greenish- qra/, sandy,
cohesivemmemmmm e e e e - 13 31
Sandstone, greenish-gray, very

-
DN

fine, silty-mcemcemcnmm e e 9 322
Siltstone, greenish-gray---------- 4 326
Sandstone, greenish-gray, very

finN@ececm e e e e 4 330
Siltstone, greenish-gray, sandy;

clayey in places----~--ccomumuan- 20 350
Shale, dark-greenish-gray, silty-- 67 417

Pierre Formation:
Shale, dark- to medium-gray,

tight-------- L 43 460
Shale, medium-gray, silty,

bentonitic-=meececmmmccncc e 22 482




Geologic
source

162-071-26BAA2
Test hole 22A
Altitude 1,965 feet

Material

Glacial drift:

Topsoil, brownish-black, sandy----
Till, yellowish-brown, sandy,
silty, oxidized-=-evmomemecaaaax
Till, olive-gray, silty-rrererssx
Gravel, medium, rounded----=------
Till, olive-gray, silty---=---=--=---

162-071-35CDD
Test hole 17
Altitude 1,800 feet

Glacial drift:

Gravel, fine to very coarse,
oxidized; some cobbles: predom-
inantly carbonates, detrital
shale, and igneous pebbles------

Sand, medium to coarse; saturated-

Ti11l, olive-gray, silty to sandy--

Gravel, medium to coarse, sandy---

Till, olive-gray; sandy streaks---

Sand, coarse, gravelly, silty-----

Till, olive-gray, silty; sandy
interval 104-108 fte--veeonoann-

Till, olive-gray, very sandy------

Till, olive-gray, silty----=-------

Gravel, medium, subrounded----~----

Till, olive-gray, very sandy------

Gravel and cobbles--=----ccmnun--

Till, olive-gray, sandy------===---

Cobbles and boulders--~--vc-nevm-w-

Till, olive-gray, silty-------=---

Cobbles and boulders----v--cvuu-w-

Till, olive-gray, silty; boulders
from 180-190 ft----ecmemecannnn-
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Thickness Depth
(feet) (feet)
4 4
8 12
25 37
1 38
8 46
30 30
5 35
15 50
2 52
13 65
5 70
52 122
12 134
8 142
4 146
10 156
2 158
4 162
1 163
11 174
1 175
15 190




Geologic
source

162-071-36CBC
Test hole 15
Altitude 1,815 feet

Material

Glacial drift:

Note: 1Installed 79.5 ft of 1%-inch plastic pipe, No. 18-s
screen 78-84 ft. MP 1.50 ft above 1sd. Water leve

Gravel, coarse, sandy; cobbles and
boulders=ecememmeea e c e
Sand, medium-coarse, gravelly-----
Till, olive-gray, sandy----=-==~---
Sand, coarse, gravelly, subang-
Ulareeemmmm e e e e
Clay, medium-gray, silty to
SANdYmmmmmm e e e e -
Gravel, medium to coarse, sandy;
abundant detrital shale----=-=--
Till, olive-gray, sandy-----------
Gravel, medium, subrounded--------
Gravel, medium, uniform--=-=-vc-w---
Clay, olive-gray, silty to sandy--
Gravel, medium to coarse, sandy,
rounded---=mmmmmm e m e
Till, olive-gray, sandy---====-=---
Gravel, medium, rounded----====w-=
Til1l, olive-gray, silty to sandy--
Gravel, medium, sandy-----==-===-~
Till, olive-gray, silty----=---u---
Gravel, medium, sandy-------------
Sand, fine to medium, subrounded--

20.9 ft below 1sd.
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Thickness Depth
(feet) (feet)
21 21
4 25
6 31
5 36
9 45
11 56
& 61
10 70
5 716
3 79
18 97
13 110
1 1101
4 115
1 116
2 118
1 119
1 120

Tot

1




163-070-32DDD
Test hole 7
Altitude 2,062 feet

Geologic Thickness Depth
source Material (feet) (feet)
Glacial drift:
Topsoil, yellowish-brown, sandy--- 1 1
Till, moderate-yellowish-brown,
oxidized; thin lenses of gravel- 55 56
Till, olive-gray, gravelly, sandy- 194 250

Till, yellowish-gray, very
gravelly; cobbles and boulders;
mostly carbonates; weathered

light-gray bentonitic material-- 13 263
Till, medium-gray, sandy to

gravelly, tight; older till----- 37 300
Till, dark-gray, tight--=cccwac--- 37 337
Tiil, dark-gray, sandy--=-=-=-=-zc--- 11 348
Ti11l, very dark gray, tight------- 48 396
Till, dark-gray, sandy; boulder at

405 ftommmmm e e e m e - 18 414
Till, dark-gray, tight------ P 16 430

Fox Hills Formation(?):

Shale, dark-greenish-gray--=------ 12 442
Sandstone, greenish-gray, fine to

medium, clayey, indurated--~----- 1 443
Shale, dark-grayish-black,

slightly silty, tight----ceccee--- 17 460
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TABLE 3.--Chemical analyses of ground water from /the Shell valley aquifer

Phos - Phos-

. ‘ { 3 Dis-
Pumping Dis- Dis- sg}iéd sg}igd sg}iéd Dis- sg}i;d 4 ; g?iﬁz PZ?E? ;?Egl | Dis- Sg}é;d Dis- Dis- Dis- 23}?3? ggg: : SOdggm S ifi
Depth Date time solved solved man- cal- magne- solyeg pg?i;' E;g;i; ggi;ed sglzﬁg 122;ty 23}¥§ge Ct}g; ;$]Ve@d solved solved (resi- Hard- bonate Per- sgrp- cgﬁglglf
ell Nelll oot o (esl/ - siifes gl SAhSse “Teay - tMgr tha} (k) (NcOE Gboi) | es0g) - LoT) Pl e R B eent oL S a PH  Temper-
Tocation  number well  sample  FOUC, ) (no/f)  (ue/D) (ug/1) - (mg/1) (mg/1) (mg/1) (mg/1) (ng/T) (mg/1) (mg/1) w0 Ts/1) /1) mest) lme/1)  Geith A R ey st LR T L
161-071-02BCD 27 32 11-06-74 8/6 25 80 590 100 27 23 7.1 327 0.04  0.12 268 140 4.4 0.1 0.00 110 506 360 93 12 0.5 749 8.1 5.0
161-071-02BDC 28 26 11-06-74 8/3 24 320 520 92 28 14 b2 321 .03 .09 263 110 %1 = .03 50 447 350 82 8 % 673 8.0 5.0
161-071-02CBB2 24 A1 11-06-74 12/2 24 60 370 98 35 23 5.1 331 .02 .06 271 160 5.3 - .03 80 523 390 120 1 E 780 8.2 5.0
161-071-02CBCT 25 20 11-13-74 12/5 24 20 140 91 48 23 4.1 363 .01 .03 298 170 5.1 .2 1.5 90 566 420 130 10 k" 847 8.0 5.0
161-071-03CCD 34 32 11-05-74 12/5 25 10 20 73 3 e = ki o i e 144 4.7 ¥ 3.3 70 g3z .10 lazp 120 7 .3 808 8.1 5.0
161-071-03CDCT 38 32 11-05-74 10/5 25 10 10 83 50 17 4.9 356 .04 12 292 150 5.1 .2 2.8 90 529 410 120 8 .4 802 8.1 5.0
161-071-03CDD1 35 39 11-05-74 10/5 22 20 90 78 33 is i e 249 .05 18 204 130 4.9 4 2.9 40 438 330 130 5 .2 649 8.0 5.0
161-071-03CDD4 41 38 11-21-74 4/150 23 20 50 66 el 12 343 =58 o 3 212 83 3.3 1 3.5 60 364 280 64 9 .3 576 7.8 5.0
161-071-03CDD4 41 38 11-21-74 12/150 23 30 40 65 29 13 3.6 258 .02 .06 212 83 3.4 3 3.5 50 365 280 70 9 ;3 576 7. 5.0
161-071-03CDD4 41 38 11-22-74 24/120 15 60 60 68 27 15 3.9 260 -- -- o 85 2.9 4 .4 0 352 280 67 10 4 580 7.8 5.0
T R 11-25-74 50/120 23 10 40 65 29 13 3.5 259 .02 .06 212 80 2.3 & 3.0 50 323 280 69 9 5 578 =5 5.0
161-071-03CDD4 41 38 11-27-74 71/120 23 10 30 66 29 13 3.4 260 -- -- 213 83 2.3 1 3.4 80 362 280 71 9 3 583 7.7 5.0
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