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TESTDRILLINGNEARBEULAH,MERCERCOUNTY,NORTHDAKOTA

By
Edward Bradley and H. M. Jensen

Introduction

As a part of thE~cooperative ground-water investigations program,

the North Dakota State Water Conservation Commission, the North Dakota

Geological Survey, rold the United States Geological Survey make studies

of the ground-water :resources available for municipal use in various

parts of North Dakota. Investigations are made of small areas surround-

ing towns which have requested aid from the North Dakota State Water

Conservation Commissionor the State Geologist. Whenadequate funds

become available, more complete investigations will be made of larger

areas, such as counties. Reports on the larger investigations will

include the results of the small municipal water-supply studies.

The present investigation, made at the request of the City Council

of Beulah, was started in 1960. This study was needed because the present (196

water supply is inadequate to meet current water demands. The objective

of the investigatiorL was to suggest the location of additional ground-

water sources in the Beulah area. The study included test drilling,

evaluation of selected data, and preparation of the report.
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Well-Numbering System

The well-numbe:ring system used in this report, illustrated in
figure 1, is based upon the location of the well in the federal system
of rectangular surveys of the public lands. The first numeral denotes
the township north of the base line, the second numeral denotes the
range west of the fifth principal meridian, and the third numeral
denotes the section in which the well 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 (lO-acre tracts). Thus, well l44-88-25bcc
is in the SWi-SWi-NW~~sec. 25, T. 144 N., R. 88 W. Consecuti ve terminal
numerals are added if more than one well is shown in a lO-acre
tract.
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Geographyand General Geology

Beulah is in the Missouri Plateau province (Simpson, 1929, p. lO-

11) in the west-central part of North Dakota, about 60 airline miles

northwest of Bismarck. (See fig. 2.) The city is served by a branch

line of the Northern Pacific Railroad and by State Highway49·

The population of :Beulahin the 1960 census was 1,318.
The Knife River flows through a valley about 1 to ~ miles wide

immediately Bouth of Beulah, and is joined by Spring Creek (fig. 3)

about 1mile south'vest of Beulah. The valley of Spring Creek varies in

width; it is about half a mile wide in the report area. The average

discharge of the Knife River at Hazen, about 8 miles downstream(east)

from Beulah, for ~1e period 1937-58, was 198 cfs (cubic feet per

second) • Thl'~average discharge of Spring Creek at Zap, about 8
.-

miles upstream (west) from Beulah, was 43.6 cfs for the period 1945-58
(Wells, 1960). At times no flow has been reported at Zap. Low

flovTsordinarily occur in the late summerand fall, and maximumflows

occur in the spring when sno~elt and precipitation contribute most

to stream runoff. The average annual precipitation in the Beulah

area is abou.t 15 inches.

The TongueRi.ver Memberof the Fort Union Formation of Paleocene

age is expos,edon the sides of the valleys of the Knife River and Spring

Creek. The formation consists of alternating beds of clay and silt,

sandstone, emdlignite. Alluvial and colluvial deposits of Quaternary

age occupy the valleys and lower slopes of the two streams. The

upland area surrounding Beulah is covered by a thin, discontinuous

mantle of glacial drift, which is not thick enough to be a. source

of ground water.
- 3 -
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Ground-WaterConditions

Aquifers in alluvium and colluvium in parts of the Knife River

valley are capable of yielding small to moderate supplies of ground

water. The B~aphic logs of someof the test holes in the lines

A-A', B-B', Em.dC-CI (fig. 3) across the Knife River valley, and

the descripti.ve logs of test holes (table 3) ShOVTsand and some

gravel betweemthe land surface and a depth of about 50 feet. Two

wells (144-8B-25ccal and 144-88-25cca2, table 1) that are used to

supply Beulah obtain water from the sand and gravel beds of the

alluvium and colluvium. Results of pumpingtests in 1953 made on

the two wellB indicated that a reduction in yield was probably due

to plugging of the gravel packs or screens of the wells.

The channel of the Knife River and aquifers in the alluvium

and colluvium may"behydraulically connected at places. "Jells in

permeable deposits near the river mayprovide moderately large

sustained yields, owing to induced recharge of the alluvium by

river water.

Groundwater maybe obtained from lignite and sandstone layers

in the Tongu.eRiver Memberof the Fort Union Formation. In the major

drainage co~~ses Em.dalong the valley slopes it is possible to

complete she,llow >irells (less than 100 feet deep) in bedrock. At

locations outside the Knife River valley, Simpson (1929, p. 169-170)

reports, small quantities of ground water are obtained from the

Fort Union, generl3.lly from considerable depths, such as about 100

to 350 feet.

- 4 -
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Quality of Water

Table 2 lists the mineral constituents and concentrations found

in water from aquifers in the alluvial and colluvial deposits and

the .Fort Union FOrIaation. The water from the alluvial and colluvial

deposits differs; w"aterfrom two wells was of the sodiumbicarbonate

type, that f:t:'omonl~well was of the sodium sulfate type, and that

from a fourth well was of the calcium bicarbonate type. In general

the water from the se deposits is very hard. (See table 2.) The

iron content generally exceeds the limit of 0.3 ppm(parts per million)

recommended'byU.S. Public Health Standards (1946); however, proper

treatment could greatly reduce the amountof iron. Furthermore,

if sufficient ground water is pumpedfrom wells close to the Knife

River to induce rE:chargefrom the river into the alluvium, the

objectionably high iron content of the ground water might be

lessened because the iron content of the stream is negligible

(Love, 1955;1p. 2(2).

Well llJ.4-88-:~5cbbindicates that water from the Fort Union

Formation i8 predominantly a sodiumbicarbonate solution, has a high

dissolved-solids eontent) and has a relatively low hardness. The

iron concentration in the water is muchless than that in water

from the alluvium and colluvium. The water is not hard and ordinarily

can be used, for most domestic purposes; however, because it has a

high dissolved-solids content and maycontain an objectionable taste

or color, it is not satisfactory for municipal use.

- 5 -
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ConclusionS and Suggestions

The investigation of the Beulah area shows that the most important

source of water for :municipal development is contained in aquifers in

the alluvium and colluvium in the Knife River valley. Wells properly

constructed and developed in the coarser materials of the aquifers

should provide sufficient water for Beulah's present (1961) needs.

Also, induced recharge from streamflow maybe possible through wells

located relati.vely close to the Knife River. Generally the water in

alluvial and c:olluvial deposits is hard and contains iron in objectionable

quantities. Proper treatment facilities or induced recharge from

streamflow could greatly reduce the iron concentration.

Aquifers :Lnthe sand and lignite beds of the Tongue River Member

of the Fort Union Formation supply small quanti ties of water to wells.

Generally, the water contains concentrations of dissolved solids

exceeding the recommended11mits established by the U.S. Public Health

Standards. The high concentration of dissolved solids, often accompanied

by an objectionable taste or color, makes the water undesirable for

municipal supply.
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TABLE l.--Records of wells

Depth: Me8,Sured.depths are given in feet and tenths;
reportea, depth.s are given in feet.

Type of we,ll: I1rJ drilled; DuJ dug.

Location
No.

Owner or
name

Depth
of well

(feet)

Diameter
or size
(inches)

Type Date
completed

144-88
25baa Test hole 1679 504 5 Dr 4-16-60
25bbb Test hole 1680 126 5 Dr 4-19-60
25bcb Jake Weiss 33.4 48 Du .......
25bcc Test hole 1681 157 5 Dr 4-20-60
25bdd Mike Fetch 31.7 12 Dr .......
25cad Test hole 1683 52 5 Dr 4-21-60
25cba Ja.col)Schutt 34.2 36 Dr 1938
25cbb John Meyers 63.3 •• Dr .......
25cbc Test hole 1665 73.5 5 Dr 4- 6-60
25ccal City well 1 38.0 16 Dr 1952
25cca2 City well 2 46.0 16 Dr 1953
25cccl Test hole 1684 52 5 Dr 4-22-60
25ccc2 Test hole 1666 105 5 Dr 4- 6-60
25daal N. F. Kirchen 24.5 48 Du .......
25daa2 Test hole 1675 42 5 Dr 4-14-60
25dad Test hole 1682 57 5 Dr 4-21-60
25dba Mrs. Ben Kittler 25.6 ... • • .......
25dda Test hole 1676 52 5 Dr 4-14-60
25ddd Test hole 1677 42 5 Dr 4-16-60
260ad Test hole 1672 42 5 Dr 4-13-60
28add Test hole 1673 42 5 Dr 4-14-60
28dad Test hole 1674 42 5 Dr 4-14-60
35baa Test hole 1671 63 5 Dr 4-13-60
35bda Test hole 1670 168 5 Dr 4-12-60
35bdd Test hole 1669 31.5 5 Dr 4- 8-60
36aaa Test hole 1678 42 5 Dr ~.-15-60
36bbb Test hole 1667 52 5 Dr 4- 9-60
36bbc Test hole 1668 42 5 Dr 4- 7-60
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and test holes

Use of water: D, domestic; PS, public
supply; T, test hole.

Depth to
water below
land surface

(feet)

Date of
measure-

ment
Use

of
water

Aquifer Re~arks

........ ....... T . . . . . . See log........ ....... T ...... Do.
26.61 4- 5-60 D ...... Water level 27.2 feet below

land surface in 1946.
....... ....... T ...... See log.
24.5 1946 D Gravel....... ....... T ...... Do.
28.10 4- 5-60 D Sand Water level 29.3 feet below

land surface in 1946.
29·53 5- ?-47 D ......
....... ....... T ...... See log.
17.76 2- 8-53 PS Gravel Reported yield, 90 gpm.
18.13 2- 8-53 PS .•do ••........ ....... T ...... See log.
....... ....... T ...... Do.
20.5 1946 D ...... Plugged........ ....... T ...... See log.
....... ....... T ...... Do.
20.00 1946 D ............. ....... T ...... Do.
....... ....... T ...... Do........ ....... T ...... Do.
....... ....... T ...... Do........ ....... T ...... Do........ ....... T ...... Do........ ....... T ...... Do.
....... ....... T ...... Do........ ....... T ...... Do.
....... ....... T ...... Do........ ....... T ...... Do.
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TABLE2.--Chemical analyses

Aquifer: Ft, alluvium and colluvium
~~ftJ Tongue River Memberof the Fort Union Formation

- s:l
s:l +' G-l 0 ~~l G-l <I.l o .r-! a:\- ~-0 Cl H o <I.l +' (J (\J s:l- '..-1- !1'..-1 <I.l ~ G-l <I.l C.l '..-10 o <I.l •..-1 a:I to W

+,0 ~l ~ ..c:l ••••••••• ii3~ M·..-I H~ (JU <I.l~
a:\ 0 (I) • ..-1 +' •..-1 co H •.•...••. tit •...... 6h.........
C.lg; E! s:l & P-lM ~M co ..•...... 0 •........

0 e> ~M 0 U ttl co
...:l ~ ~

C.l ~

lt~4-88

25cad Test hole 16133 R 52 5-60 ° • 5.6 61 37 80
25cbb John ME~yers!y Tft 63.3 5-47 11 .2 12 5.9 504
25ccal City well 1 R 38 7-52 .25 53 24 65
25cca2 City well 2 R 46 7-52 ° ° 1.3 58 22 41
25dda Test hole 16'76 R 52 5-60 17 193 75 278

!Y'Analys:i.s by U.S. Geological Survey

- 8a -



of ground water

Analyses by State Laboratories, Bismarck
Results in parts per million except as indicated

Q) co
r"d§ "t1j Q) Q)

~ ~
aJ "t1jitl +, ........ Q)..-I 1:: •••...... m .::t ..-I ......... -M Q) co cY') :>

(/) •.•.... 0 cY') I:: ,..•.• If-j 0 f-lr-l H .........+'..•......I:: coO r-l Q) ••••••••
lJ:l

~~ ,00 o cY') ,-I rn 00 ge ro cY') 0•.•....Q)1a g~.g~
~@ ,00 ::1- r-l_ f-l0 f-l!Xl .aO Pi

+' ~ l:.) 1;1) ..cl r-l +'Z 0- co 'M 'MS
0 0- "' ... 0 f.:r..r -M_ !Xl H -,-I r-l co
III 'M 0 ?-i aJ ~0Q)r-l

j:Q :rl co f-l-
5.0 348 0 152 0.0 0.1 0.0 0.25 308 540 8.1
7.2 1,020 79 190 .0 1.1 1.8 .23 54 1,330 ...... 371 0 55 8.0 .15 232 576 8.0

325 0 45 8.0 .1 .... 236 500 7.8
6.0 616 0 '761 11 .1 .0 .2 791 1,790 7·7
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TABLE 3.--Logs of test holes

l44-88-25baa
Test hole 1679

Formation ~lateri€Ll Thickness
(feet)

(Pthfeet)

3
21

9 52
21 73
51 124

47 171
13 184

5 189
31 220

41 261

12 273
10 283
21 304
42 346

11 357
31 388
11 399

31 430

53 483
21 504

22

318

gr~r ••••••• • • •••• • •• • " • • • • • • • • • • • •• • • • •Sand, very fine, clayey, olive-gray;
li~lite fragments •••••••••••••• ••••••••

Clay, very sandy, light-gray to olive-gray

sllale .........•.. • · • · .... · . · . · · ... • ....
Clay, sandy; light-gray ••••••••••••• •••••
Shale;: platy, carbonaceous •••••••••••• •••
Clay, Sffildyand plastic) dark-gray to

Alluvium and colluvhun:
~~opsoilJ silty, brown ••••••••• •••••••••••Clay , brittle; plastic j light-gray •••••••
Clay, Hilty, sandy, gray-yellow; some

limeBtone cobbles ••••••••••• •••••••••••
Fort Union Formation:

Tongue River Member:Band, very fine to medium, gray; large
lignite fraction •••••••••••• •••••••••••

Clay, 13ilty and sandy; trace of iron
nodules; scoria, and lignite •••••••••• •

Band, very fine to medium, silty,
yellowish- to greenish-gray ••••••••••••

Clay, "brittle) plastic, light -gray; some
lignite fragments •••••••••••••• ••••••••

:Ligni te .•.•••..•..•. • .•• · . • • . • • • • • • • • • .•.
Clay, silty, olive-gray •••••••••••• ••••••
Clay , brittle, light -gray •••••• ••••••••••
Clay, brittle, gray; lignite fragments

and thin stringers of limestone ••••••••
Limestone) very fine grained, silty, gray

to l.ight-gray•••••••••••••• ••••••••••••Lignite) shaly, platy; black to dark-bro'tffi
Clay) silty and sandy, light-gray ••••••••
Clay, brittle; gray; thin stringers of

lignitic shale •••••••••••• •••••••••••••
Clay, silty, sandy, dark-brown; lignitic

- 9 -



TABLE 3.--Logs of test holes -- Continued

144-88-25bbb
Test hole 1680

Alluvium and colluvium:
~~opsoil, brown .•••.••.• ••••··••••··•••••·Clay, Hilty, sandy, light-brown to yellow-

ish-l)rown; with trace of scoria and

Thickness (ePth
(feet) feet)

1 1

20 21

5 26

17 43
20 63

63 126

pebbles., .....••... · .. • · • . • • • • .. • • • · • • • •

Material

Gravel, granular to pebbly; scoria, iron
concretions, lignite fragments •••••••••

Fort Union Fonnation:
Tongue River Me:nber:Clay, 'brittle, cohesive, gray •••••••••• ••

Clay, sandy, dark-gray .••••••••• •••••••••
Clay, sandy i light-gray; iron concretions

ana scoria fragments •••••••••••••••• •••

Formation

144-88-25bcc
Test hole 1681

Alluvium and colluvium:Topsoil, clayey, sandy, brown ••••••••• •••
Gravel, granule to pebbly, clayey; medium

to coarse sand •.•.••••••.• ·••••••••••••
Clay, brittle, yellowish-gray ••••••••••••
Clay, sandy) light-tan •••••••••••••••• •••

Fort Union Formation:
Tongue River Member:Clay, cohesive and brittle, dark-gray

and brownish-gray; lignite fragments •••
Clay, sai'ldyj light-gray to dark-gray •••••
Sand, very fine to fine, clayey; light-

gr~r; lignite fragments ••••••••••••••••
Clay, brittle, plastic} gray •••••••• •••••
Lignit,e, black .....•........ ··•··········
Clay, sandy, gray; large lignite fraction

3

315
20

32
11

38
21

5
9

3

6
21
41

73
84

122
143
ll~8
157
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TABLE 3.--Logs of test holes -- Continued

14t~-88-25cad
Test hole 1683

Formation Material
Alluvium and colluvi.um:

Topsoi.l) silty, brown •••••••• ••••••••••••Clay, sandy, silty, light-brown .•••••••••
Sand, very fine to coarse, silty; granule

gravel and lignite fragments •••••••••••
Gravel, granule to cobbles; coarse sand;

iron concretions, scoria and lignite
fra,g;rnents ••••••••••• • II ••• • •••• • • • • • • • • •

Sand, very fine to coarse, clean •••••••••

l44-88-25cbc
Test hole 1665

Alluvium and I~olluvium:
Topsoil, sandy, brown ••••••••••• •••••••••
Sand, very fine to fine, silty, dark-gray;

granule gravel and lignite fragments •••
Sand, very fine to coarse, silty, gr~ •••
Sand; very fine to coarse, clean •••••••••
Gravel, granule; coarse sand and lignite

fra,gments •••••••• • • • • •• • • •• • •••• • •• • • • ,
Sand, very fine to coarse; lignite

fre,g;rn.ents ••••••••••••••••••• • ••••••• • • •
Fort Union Formation:

Tongue River 1YIem'ber:
Ligni.te, black •••••••••••••• •••••••••••••Sand, very fine to coarse; large lignite

fra.ction •••.••••. • •• ••••••.•• • ••••• • •• •
Clay!, silty, sandy, light-gray, very

calcareous; scoria and iron nodules ••••
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Thickness Depth
(feet) {feet)

1 1
9 10

10 20

20 L!.O
12 52

1 1

15 16
5 21
5 26

5 31
11 42

2 44

19 63

10~ 73~



TABLE 3.--Logs of test holes -- Continued

l44-88-25cccl
Test hole 1684

Fonnation Materi.al Thickness
(feet)

(ePthfeet)

Alluvium and colluvium:
Topsoi.l, sandy, brown ••••••••••••••••• •••
Clay, silty, sandy, yellowish-brown ••••••
Sand, very fine to coarse, brown; lignite

and scoria fragments •.••••••••••••••.••
Fort Union Formation:

Tongue River Member:
Clay, sandy, brittle, gray, very

calc:areous ...•..•......••••••••. • • • • .. •

144-88-25ccc2
Test hole 1666

Alluvium and eolluvtum:
Topso:Ll, silty} brown ....•••••••••••• ••••
Sand, fine; silty ••••.••••.••••••••••••••
Sand, fine to coarse; lignite fragments ••
Sand, coarse; fine gravel; lignite

fral~ents •••••••••••••••• , •• • • •• • • • • •••
Fort Union Formation:

Tongue Ri veJ('Member:
Sand, fine, clayey; thin lignite beds ••••
Clay J sandy., gray ••••••.••••••••••••••• ••

l44-88-25daa2
Test hole 1675

Alluvium and eolluviurn:
Topso,il, silty, sandy, gray ••••••••••••••
Clay, silty, sandy, gray •.••.••••••••••••
Sand, very fine to coarse, iron-stained;

granule gravel and some lignite and
scoria fragments ••••.••••••.•••••••••••

Sa~d, very fine to coarse, gray ••.••••..•
Fort Union Formation:

Tongue River Member:
Clay, silty, sandy, light-gray, very

c ale areous •....••.•.......• · • · .....• · .. •
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21

11

3
8

21
11

54
8

1
3

18
9

11

1
20

41

52

3
11
32

97
105

1
4

22
31

42



TABI~ 3.--Logs of test holes -- Continued

l44-88-25dad
Test hole 1682

Formation Material Thickness
(feet)

(ePthfeet)

Alluvium and c:olluv:Lum:
Topso:Ll, silty, sandy, brown •••••••••••••
Clay, silty, sandy, gray-brown •••••••••••
Sand, fine to coarse; angular to round,

well-sorted ..............•.•......•....
Gravel) granule to pebbly; medium and

coarse sand) lignite and scoria
frag;rnents ..........•...•••..• • · • . • •••..

Sand, very fine to coarse; granule gravel,
iron concretions, lignite and scoria
fralgrnent,s ••••••••••••••••••• • • • • • • • • • ••

Fort Union FO:rnlation:
Tongue River Member:

Lig:n.i"te, black •••.•.•..•..••••••••... ·•··

l44-88-25dda
Test hole 1676

Alluvium and I~olluvium:
Topsoil, sandy: light-brown ••••••••••••••
Clay, silty, sandy, light-brown ••••••••••
Sand, very fine to medium, silty; lignite

fragm.e11ts ••.•.•••.•.••..••.•.• • • •• • • • • .
Sand, fine to coarse; lignite fragments ••
Sand, very fine to coarse; gr&1ule gravel;

lignite and scoria fragments •••••••••••
Gravel, granular to bouldery; iron

nodules, scoria and lignite fragments .•
Fort Union Formation:

Tongue River Member:
Clay, silty, sandy, light-gray; very

calcareous .•.......•........ · · · · .
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1
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TABU~3.--Logs of test holes -- Continued

144-88-25ddd
Test hole 1677

Formation Material Thickness
(feet)

(ePth
feet)

Alluvium and colluvium:
~ropsoil, sandy, light-brown .•••••••••••••
Clay, very silty and sandy, light-brown ••
Band, very fine to coarse; granule and

pebbly gravel; lignite and scoria
fragr:nents ••.•••••..••••..••••••••••..••

Gravel, granule to pebbly; mediumto
coarse sand; lignite and scoria
fragtnents .•.•••••...••••.••.••••.••.•••

Fort Union Fonnation:
Tongue River Member:

Clay, i3ilty, sandy, light-gray; very
c ale l3,reous •••••••••••••••••••••••••••••

144-88-26cad
Test hole 1672

Alluvium and colluvium:
~ropsoil, silty, dark-brown •••••••••••••••
Clay, 13ilty, brown •••..•••.•••••••.••••.•
Band, very fine to medium .•••••••••••..••
Sand, very fine to coarse ••.•••••••••••••
13and,very fine to coarse; some granule

gravel ..•...............•....•.........
Fort Union Fonnation:

Tongue River Member:
Clay, i3andy, brittle, light-gray;

calc:9.reous .•••..•.•......••..••..••.•.•.
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TABLE3. --Logs of test holes -- Continued

l44-88-28add
Test hole 1673

Formation Mater:Lal Thickness
(feet)

(ePth
feet)

Alluvium and eolluv:Lum:
Topsoil, sandy, brown••••••••••••••••••••
Sand, very fine to coarse; lignite

frag;m.ents ••••••••••••.•...••••.••.•••••
Sand, very fine to coarse, silty and

cla~rey; some granule gravel ••••••••••••
Fort Union Formation:

Tongue River Member:
Clay, sandy, light-gray; calcareous ••••••

l44-88-28dad
Test hole 1674

Alluvium and c:olluv:Lum:
Topso:Ll, silty and sandy, brown••••••••••
Clay, silty, sandy, brom1ish-gray ••••••.•
Sand, very fine to coarse, iron-stained;

granule, pebbly gravel, and lignite
fraeynents ....••..•.....•....••••....••.

Sand, very fine to coarse; large lignite
fra(~tion and some gray silty clay ••••••

Fort Union Formation:
Tongue River Member:

Clay, silty, sandy, light-gray; very
c ale:: areous .......•............•...•....
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1

20

11

10

1
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10
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9

1
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1
11

21
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TABI,E3. - -Logs of test holes - - Continued

144-88-35baa
Test hole 1671

Formation Mater:Lal Thickness
(feet)

(Ptb
feet)

Alluvium and eolluv:tum:
Topso:il, silty, brown•••••••••• ••••••••••
Clay, silty, sandy, light-brown; granule

gravel and lignite fragments •.•••••••••
Sand) very fine to coarse, silty and

clayey; granule gravel and lignite
fragrnents · · · . · · · · · · · . • · •· · •· · ·

Grave1, granule to bouldery; mediumand
coarse sand •••.••••••••• ••••·••••••••••

Fort Union Formation:
Tongue River Member:

Clay, brittle, sandy, light -gray; very
cal.ce"reou6 •••••.. • . • • • • • • . • • • • • • • .• • . • •

144-88-35bda
Test hole 1670

Alluvium and colluvium:
Topsoil, silty, brownish-gray •••••••••• ••
Clay" silty, sandy, gray •••••••••• •••••••
Sand;. very fine to coarse; silty; granule

gr~i,vel•••••••••• • • • • •• •• •• • • •• • •• •• • • • •
Gravel; granule to bouldery ••••••••••••••
Gravel, granule to bouldery; largely

rounded lignite fragments with some fine
to coarse sand •••••..•••••• ••••••••••••

Fort Union Formation:
Tongue RiVl~rMember:

Sand; very fine to coarse, silty; some
gr,snule gravel from above; larger
lignite fraction •••••••••• •••••••••••••

Sand, very fine to coarse, silty; large
lignite fraction •••••••••••• •••••••••••
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12
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1
9
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1

11

29
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1
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TABLE 3.--Logs of test holes -- Continued

144-88- 35bdd
Test hole 1669

Formation Materj~al Thickness
(feet)

Depth
(feet)

Alluvium and eolluv:lum:
Topso:ll, clayey, brownish-gray •••••••••••
Clay, silty, brown .••••..••••••.••..•.• ·.
Sand, very fine to medium; lignite

fr~911ents · . · . ·
Gravel, granule to pebbly; medium to

coarse sand and lignite fragments ••••••
Gravel, granule to pebbly .••••••••••••..•

Fort Union Formation:
Tongue River Member:

Lignite, black; drilling sample contains
lli'1ul3uallylarge lignite fragments ••••••

Lost eirculation; hole abandoned

144-88-36aaa
Test hole 1678

Alluvium and eolluvium:
Topsoil, silty, sandy, brown ••••••••..•••
Clay, very silty, sandy, brown .•••.••••••
Sand, very fine to coarse ..•.......••...•
Sand, very fine to coarse; large lignite

fral~tion ••••••••••••••••••••••••••••• ••
Fort Union Formation:

Tongue River Memher:
Clay, silty, sandy, li&lt-gray; very

caleareous ••••••...••••••••••••••••••••
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TABU~ 3.--Logs of test holes -- Continued

144-88- 36bbb
Test hole 1667

Formation Material Thickness
(feet)

Depth
(feet)

Alluvium and colluvj;um:
'ropsoil; silty, brown ••••••••••• •••••••••
Clay, sandy, gray-brown •••••••••••••••• ••
Sand, very fine to coarse; lignite and

shale fragments ••••••••••••••••••••• •·•
Fort Union Formation:

Tongue River Member:
Clay, brittle, sandy, light-gray; very

calc areous ...•...•..... • · .. • • • .. • • • · • • .

144-88-36bbc
Test hole 1668

Alluvium and colluvi.um:
Topsoi.l, silty, brownish-gray ••••••••••••
Clay, silty, gray ••••••••••••••• •••••••••
Sand, fine; lignite fragments ••••••••••••
Gravel, granule; lignite fragments •••••••

Fort Union Formation:
Tongue River Member:Clay, silty, greenish-gray, calcareous •••
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