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MORTH DAKOTA STATE WATER COMHISSION
NEWS RELEASE

water Commission Releases
Groundwater Report for lMax Area

Movember 14, 1963

Areas from which groundwater develiopments might be made in the Max
vicinity are indicated in a report released today by the State Water
Commission. Samples of the water located in the aquifers tested show
the water to be of inferior quality. Chemical analyses in the report indicate
the water is hard and has a relatively high concentration of iron, bicarbonate,
and sulfate.

Locations and logs of the || test holes drilled, well inventory, quality
analyses, along with a map of the area are included in the report. The study
area includes 64 square miles primarily in McLean County. Wax is 26 wiles
south of Minot.

The State Water Commission, State Geologist, and the United States
Geological Survey cooperatgd with the City of Max in making the survey.

C. A. Armstrong, Bismarck, U. S. Geological Survey, is author of the report,

copies of which are available from the Water Commission office in Bismarck.

Distribution
SWC Project #778
SWC File Cé6-10




MORTH DAKOTA STATE WATER COMMISSIOM

MNEWS RELEASE

wWater Commission Releases
Groundwater Report for Max Area

Movember 14, 1963

Areas from which groundwater deveiopments might be made in the Max
vicinity are indicated in a report released today by the State Water
Commission. Samples of the water located in the aquifers tested show
the water to be of inferior quality. Chemical analyses in the report indicate
the water is hard and has a relatively high concentration of iron, bicarbonate,
and sulfate.

Locations and logs of the Il test holes drilled, well inventory, quality
analyses, along with a map of the area are included in the report. The study
area includes 64 square miles primarily in ticLean County. Max is 26 miles
south of Hinot.

The State Vlater Commission, State Geologist, and the United States
Geological Survey cooperated with the City of Max in making the survey.

C. A. Armstrong, Bismarck, U. S. Geological Survey, is author of the report,

copies of which are available from the Water Commission office in Bismarcke.

Distribution
SWC Project #778
SWC File Cé-~10
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1301 State Capitol 223-8000 Ext 41
Bismarck, North Dakota 58501

LETTER OF TRANSMITTAL

RE: Groundwater Study Reports

We are enclosing a copy of a groundwater study report
published by the State Water Conservation Commission because
of your interest in such reports released by this office.

Should you desire further information regarding this

report, feel free to contact the State Water Conservation
Commission office in Bismarck.

Sincerely yours,

otlo W focsween

Milo W. Hoisveen rz%/
MWH:hs Engineer=-Secretary

}ﬁ,Mimeo #160

ANANANANANANANAANAANAANAANAANAANANAN

Governor William L. Guy Einar H. Dahl Henry J. Steinberger Math Dahl. Ex-Officio Member
Chairman Watford City Donnybrook Comm, of Agriculture & Labor
Oscar Lunseth, Vice Chairman Richard P. Gallagher Gordon K. Gray Milo W. Hoisveen, Secretary

Grand Forks Mandan Valley City Chief Engineer & State Engineer

$\BUY NORTH DAKOTA PRODUCTS'®



GROUND-WATER RESOURCES NEAR MAX, McLEAN

AND WARD COUNTIES, NORTH DAKOTA

By
C. A. Armstrong
Geological Survey
United States Department of the Interior

North Dakota Ground-Water Studies No. 45

Prepared by the United States Geological Survey in cooperation with
the North Dakota State Water Conservation Commission, and the
North Dakota Geological Survey

Published by
North Dakota State Water Conservation Commission
1301 State Capitol, Bismarck, North Dakota

- 1963 -



CONTENTS

Introduction---v-w- e re e e— e e mc——————— R, -
Well-numbering system-ee-eeemecmeccacccaa- cm———- -
Geology and ground water-eeweeee-- ————— ——wescemccnan—
Glacial drifteceececomcaa. mmmmem—— P
Bedrock formationsS---emeeececcacameens cececcenn—-

Quality Of Watereewo oo cccecoen P

ILLUSTRATIONS

Figure 1. Map showing physiographic provinces in
Horth Dakota and location of the Max area
2. Systen of numbering wells and test holes---

3. Map of Max area showing locations of

selected wells and test holes~---= ———————

TABLES
Table 1. Records of wells and test holesewmmecoocee -
2. Chemical analyses of ground water---eeeeme--

3. Logs of test holeS-~ewemwocnacas S,

Page

24

10
13

14



GROUND WATER RESOQURCES NEAR MAX, McLEAN

AND WARD COUNTIES, NORTiH DAKOTA

By
C. A. Armstrong

Introduction

Part of the ground-water investigation program in North Dakota
consists of the study of ground-water resources available for municipal
development. Ground-water investigations are made of small areas
surrounding towns that have requested aid from either the North Dakota
State later Conservation Commission or the North Dakota Geological Survey.

The city council of Max requested the North Dakota State Water
Conservation Commission to help locate additional water. As a result of
this request an investigation of the geologic and hydrologic conditions
of the area surrounding Max was made in the summer of 1958. Max, which
is near the Ward County line in the north-central part of Mclean County
(fig. 1) has a population of about 400 (410 in the 1960 census). It is
approximately 26 miles south of Minot, the principal commercial center
in the northwestern part of N. Dak.

The city of Max has 3 wells -- a large-diameter dug well 20 feet
deep and 2 drilled wells 130 feet deep. The quantity and quality of the
ground water from the wells is unsatisfactory for the city's municipal

supply.

-1 -
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The area investigated includes 64 square miles of which the larger
part is in McLean County and the remainder in Ward County., Max is near
the center of the area. The field work for the investigation included
a geologic reconnaissance of the area, test drilling, well inventory
(table 1), and collection of water samples for chemical analysis. The
results of the chemical analyses are shown in table 2.

The average annual precipitation recorded by the United States
Weather Bureau (1962, p. 190) for the 33-year period ending December 1961
was 16,79 inches. Most of the precipitation falls as rain during the

growing season, The mean annuzl temperature for the period was 39° F.

Well-Numbering System

The well-numbering system used in this report is illustrated in
figure 2 and is based on 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, ¢,
and d designate respectively, the northeast, northwest, southwest, and
southeast quarter sections, quarter-quarter sections, and quarter-
quarter-quarter sections (l0-acre tract) as shown in figure 2. Thus
well 150-83-15daa is in the NE 1/4 NE 1/4 SE 1/4 sec. 15 T. - 150 N.,
R. 83 W.
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Geology and Ground Water

Glacial Drift

The report area is in the glaciated part of the Missouri Plateau
section of the Great Plains Province (fig. 1) and lies in that part
known as the Max moraine. This moraine, 15 to 20 miles wide in the
Max area, was formed along the northeast side of the Missouri Plateau
apparently as a result of retardation of Pleistocene glaciers by the
higher elevation of the plateau. This retardation caused material
in and on the glaciers to be deposited in a chaotic profusion of hills
and undrained depressions. The measured thickness of the glacial drift
penetrated by test holes ranges from 74 feet in test hole 1377 (150-83-
10aaa) to more than 220 feet in test hole 1369 (150-83-18aaa).

(See table 3.)

Most of the drift is composed of till, a relatively impermeable,
heterogeneous mixture of clay, silt, sand, gravel, and boulders that
yields little or no water to wells, However, some drift consists of
stratified sand and gravel deposits buried within the till, and their
capacity to yield water depends on their size and on the amount of
replenishment or recharge they receive. If a sand and gravel deposit
is completely surrounded by till, it receives recharge slowly;
consequently it will not yield large quantities of water for sustained
periods. Sand and gravel deposits that are only partly surrounded by
till or other impermeable materials, on the other hand, may supply usable
quantities of ground water indefinitely, The amount of water that such
a deposits will yield depends largely upon its permeability and size,

-5



Figure 3 shows the location of wells and test holes in the Max area.
The logs of 4 test holes, 1369, 1370, 1379, and 1380, (table 3) show sand
and gravel overlain by till and in most cases underlain by till also.

The sand and gravel in holes 1369 and 1370 might be capable of yielding
enough water for a small municipal water supply. Further testing will

be necessary to determine the quantity and quality of water that is
available at these locations. The sand in hole 1379 was fine grained

and contained clay; it is probably not a source of enough water for a
municipal supply. Gravel was penetrated in the basal 11 feet of the

drift in hole 1380. The driller reported that the water level in the hole
stood at about the top of the gravel. Unless the gravel deposit is
relatively extensive, however, it also is probably inadequate as a source
of supply for Max.

Other sources of small ground-water supplies are the ice-contact
deposits composed of stratified silt, sand, and gravel that are scattered
throughout the area, These denosits commonly form low-rounded to
irregular-shaped knolls, but can best be identified by the material in
them, The quantity of water that can be obtained from a particular
deposit depends on its size; on its permeability; on its storage capacity,
winich is determined by its porosity; and on the amount of local
precipitation and runoff that infiltrates into the deposit. None of the
ice-contact deposits in or near Max are large enough to be depended upon
for the city's water supply during prolonged periods of drouth when
recharge is low, but two local ice-contact deposits are used to supplement

the present Max water supply. Well 150-83-16bagl is 20 feet deep; it was

-4 -
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dug in an ice-contact deposit consisting of gravel, and it furnishes

a part of the city's water supply, Well 150-83-9daa, which is 12 feet
deep, was also dug in gravel. It yields only suall quantities of water
and is not connected to the municipal supply system, but residents of
Max carry water from it for culinary use.

Other possible sources of small ground-water supplies are sand and
gravel lenses or stringers at the edges of sone kettles, which are
depressions in the land surface also known as prairie potnoles, The
sand and gravel deposits were probably formed by the sorting action of
melt water from ice blocks that formerly occupied the kettles, The
stringers or lenses are generally located only by digging or drilling;
because they are not ordinarily exposed and are only a few yards wide;
some may be fairly long. Recharge to these shallow agquifers is from
local precipitation and runoff. In some deposits the ground water is
maintained by water in an adjacent pothole and in some localities water
in the potholes may be in part, at least, maintained by water from the
shallow aquifers. Generally the deposits yield only a few gallons
per minute for relatively short periods,although some of the larger ones
may yield small supplies at a nearly steady rate. Wells in such deposits

may yield enough water for domestic or stock purposes,



Bedrock Formations

Rocks of the Fort Union Formation of Tertiary age immediately
underlie the glacial drift in the Max area. The uppermost beds of
this formation are similar to and equivalent to the Tongue River Member
as described by Lemke (1960, p. 34). They are composed of gray sandy
clay beds interbedded with lignite., 1In the report area the beds generally
dip at a very low angle from the northeast to the southwest. The lack
of altitude control as well as the lack of detailed lithologic descriptions
in the logs make it difficult and impractical to correlate individual
beds within the Tongue River Member. Reported interference between
wells in Max that obtain water from lignite beds in the Tongue River Member,
however, shows that a degree of hydraulic connection exists, so there
is some lateral continuity in the lignite beds at least, Wells yield
small supplies from sand beds in a few other parts of the Max area, but
the lignite beds are the major sources of water.

The largest part of the Max water supply comes from two drilled wells
that tap one of the lignite beds. One well, 150-83-9dda, yields 18
gpm (gallons per minute), which is the maximum reported yield in the
report area, and the other well, 150-83-9dba, yields 7 gpm. The yields
cannot be sustained indefinitely with both wells pumping simultaneously,
During the peak demand for the summer of 1962, 30,000 gallons per day was
the maximum quantity of water available., Reports of abandoned wells
within the city indicate that perhaps other small-capacity wells could
be developed in the bedrock aquifer to supplement the supply, but wide

spacing would be necessary tc minimize interference between wells.
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In parts of North Dakota the Cannonball Member of the Fort Union
Formation underlies the Tongue River Member and contains water-producing
sand beds, but it has not been identified in the Max area, Simpson
(1929, p. 166) gives the log of the Minneapolis, St. Paul, and Sault
Ste. Marie Railway well at Max; the well is 2,500 feet deep. Its log
shows that shale is present in that part of the section where the Cannon-
ball Member should be. It is probable, therefore, that the sands of
this member were not deposited in the Max area, The only water reported
in the deep railway well was a "small vein" at 135 feet and another at
250 feet, both of which are in the Tongue River Member. Formations
below the Fort Unicn are either too deep or too impermeable to be
considered as practical sources of ground water.

Recharge to both the glacial drift and bedrock aquifers is probably
largely from downward seepage of precipitation and runoff on the moraine
northeast of Max. Ground water in the Fort Union Formation percolates
generally soutiwestward down the dip of the beds toward the iissouri
River valley. This is shown in part by the discharge from springs at
some of the lignite outcrops in the escarpment along the northern side

of the Missouri River valley,



(uality of Water

Chemical analyses of water samples from 2 wells in the report area
are given in table 2. water from the shallow well (150-83-1¢baal)
is of better quality than the water from the Fort Union Formation
(well 150-83-9dda). In general, the water is probably hard and has

a relatively high concentration of iron, bicarbonate, and sulfate,

- 8 -



Summary of Ground-lz*er Conditions

Wells in the !fax area obtain water from either sand and gravel
deposits in the glacial drift or from lignite and sand beds in the
Tongue River Member of the Fort Union Formation. They supply small
amounts of moderately to highly mineralized water for public supply,
domestic, and farm use. Growund water occurs in formations older and
deeper than the Fort Union Formation, but the formations are too deep
or impermeable to be considered as practical sources.

The most promising area for the development of new ground-water
supplies is in the vicinity of test holes 1369 and 1370 where probably
moderate yields (enough for a small municipal or commercial water supply)
can be obtained. Small additional supplies may also be obtained from
lignite beds in the Tongue River Member of the Fort Union Formation
underlying Max, but widely-spaced wells would be necessary to minimize
interference betwcen wells, and the quality of water is apt to be
unsatisfactory. Chemical analyses of two ground-water samples suggest
that water from the drift is of better quality than water from the
Fort Union Formation.

Recharge to shallow aquifers in the drift is derived from water
falling on or passing over the surface of the area, Recharge to the
bedrock aquifers probably is derived from water percolating downward
through the glacial drift in the moraine northeast of Max. The

movement of ground water in the bedrock is southwestward toward the

Missouri River,



Depth of well and depth to water:
are given in feet, tenths, and (or) hundredths;

Measured depths

reported depths are given in feet.

TABLE 1l.--Records

Type of well: Dr, drilled; Du, dug.
Location Owner or Depth of Diameter Type

No. name well or size

(feet) (inches)

150-82
Geaa Matt Semchenko 35 2h Dr -
18ccb Mrs. D. Flitag 295 L Dr
19bbb Otto Hauf 200 + 3 Dr
30aa Mrs. Louis Pede 300 + L Dr
30ccd Wilson Schmidt 185 4 Dr
3labb Waldo Schmidt 240 b Dr
3ldaa Herman Lange 285 4 Dr
150-83
laad Aleck Bauch 20 36 Du
lbac Sam Devnich 180 ‘i Dr
leaa Mike Zaderska 8 2h Dr
Ldaa Test hole 1378 126 5 Dr
5dde M. Philipenkoe 150 6 Dr
Teab Herbert Biese 107 5 Dr
Qacc Test hole 1367 136 5 Dr
Oada John Jungling 120 oe Dr
gbasa, Test hole 1380 126 5 Dr
9cee Test hole 1368 105 5 Dr
9cds. Enil Torno 115 2k Dr
9daa City of Max 12 18 Du
Odba 080 s 130 .e Dr
9dcbl Test hole 1381 ol 5 Dr
9dcbv2 Municipal test hole 500 o “n
9dda City of Max 130 8 Dr
10aa8 Test hole 1377 8l 5 Dr
10bce Mrs. Bertha Bevers 125 L Dr
llbec Rudolph Wagner 182 l Dr
lhces Andrew Michalenko 102 2L Dr
158aa Test hole 1376 105 5 Dr

10a



of wells and test holes

Use of water: D, domestic; f, public supply;
S, stock; N, none; T, test hole. .

Remarks:

Adequate supply means quantity re-
ported sufficient for use indicated.

Date

Depth to Use Aquifer Remarks
completed water below
land surface
(feet)
eoee 23 D,s Sand Adequate supply.
xn 285 D,S pp—— Adequate supply; alkaline.
o 150 D,S Ty Adequate supply.
cnes ‘o D,S seesen +eDOease
pRpap 150 D,s sesnus «eDOvees
1921 210 D,S "Coal" B s . JR
1018 255 D,S Sand Inadequate supply.
PR 6 D,s Gravel Adequate supply.
sese oo D,S Sand eeDOvees
caes Flow D,S N [ T «eDOees
9-58 £k T . See log.
1918 130 D,S "Coal” Adequate supply.
1930 57 S ++80.0 »sDOssss
8-58 - i o See log.
. 100 S 3§ Adequate supply; oily film.
9"58 ce s T senvaee See logc
8"58 LI s T asseee Q-DOotcc
ceee 60 D,S Sand Adequate supply.
NERp “ew PS Gravel
ceee “5a PS "Coal" Reported yield 7 epm.
9-58 coe T cennee See log.
1956 . - . w4 D05 & 44
195k 60 PS ..do.. Reported yield 18 gpm; see
chemical analysis.
9-58 A iy p— See log.
- 20 N «do..
veen 112 D,S Gravel Adequate supply.
thmn cee D,S ceeeen «.Do....
9-58 oy P See log.

10b



TABIE 1l.--Records of wells

Location Owner or Depth of Diameter Type
No. name well or size
(feet) (inches)

150-83 (Cont.)

15aab Clem Haettl 260 6 Dr
léac Minneapolis, St. Paul &

Sault Ste. Merie Railway 225 we ve
16baal City of Max 20 8 x 84 Du
16baa2 Municipal test hole 151 .- Dr
lécce Test hole 1373 115.5 5 Dr
17aa Aleck Vinarckai 92 2L Dr
17cecd Test hole 1372 115.5 5 Dr
17daa William Lee 75 2h Dr
18s2a Test hole 1369 220 5 Dr
18bbb Test hole 1370 16 5 Dr
18daa John Wenger 2ko L Dr
20bbb Ted Wenger 265 3 Dr
20cee Carl Schule 50 6 Dr
21labb Alex Henne 190 5 Dr
2lcdb Merle Lee 240 i | Dr
23bch John Finkbiner 80 L Dr
23ccd Albert Anderson 90 6 Dr
23dab Lloyd S. Monson 180 L Dr
27bba Emil Bauer 1ko 6 Dr
27cda Herbert Songsted 151 L Dr
28bbb Test hole 137L 126 5 Dr
29dabl C. A. Lindquist L8 6 Dr
29dah2 « 500 450 56 3 Dr
30acd Mike Kostenko 50 L Dr
30cda Gust Oolson 0 h Dr
3lbda s allffiss o n 91 L Dr
33abe C. A. Lindquist 101 L Dr
33bbb Test hole 1375 1h7 5 Dr
33dbb Harry Olson 12 4 Dr
34cbb Tennes Torgerson 112 4 Dr
35dbd Victor Zence 112 L Dr

1lla



and test holes ~- Continued

Date Depth *o Use Aquifer Remarks
completed water below
land surface

(feet)

veee . D,S sesses Adequate supply; unfit
for irrigation.

cess .o PS Gravel See chemical analysis.

1956 . eee —— See log.

8-58 i ¥s T P 5 o000

g 90 S Clay Inadequate supply.

8-58 o P R See log.

1954 67 D,S Sand Inadequate supply.

8-58 wes T “wEw See log.

8-58 - T I— T, - YA

1930 200 D,S8 "Coal" Adequate supply.

1935 200 D,S ..do.. «.DOuess

e Flow Gravel eeDOceee

1939 150 D,S Sand «eDOsses

1922 €0 D,S +ed0.. Adequate supply; unfit
for drinking.

1939 T S anssce Inadequate supply.

i B cee D,S "Coal" Adequate supply.

1940 156 D,S e [a U esDOsose

1920 118 D,S S - PO

1918 21 8 Sand v 105 g

8-58 o T R See log.

§ L1 o < Gravel Adequate supply.

cere 2 S s w80 w s ', P

ceee Flow D,S Sand «eDOcoss

case 25 D,8 ..do.. «+DOesss

- Lo Gravel Adequate supply; vacant.

ey & D,S Sand Adequate supply.

9-58 . b — See log.

1930 116 D,S e B0 5 5 Inadequate supply.

1913 106 D,S "Coal" O o PO

— % D,S «+.do.. Adequate supply.
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TABLE l.--Records of wells

Location Owner or Depth of Dismeter Type
No. name well or size
(feet) (inches)

150-8l

1222 Jacob Finkheiner 1h2 L Dr
1l2cce Test hole 1371 105 5 Dr
13acd George Day 50 h Dr
13bda . [ TR 98 L Dr
151-82

3Chee Matt Gruzensky 60 L Dr
3ladd Jake Van Winkle 290 h Dr
151-83

26ced George Fannik 64 3 Dr
264db Jack Fannik 210 L Dr
27cab Ed Kabhanuck 180 1 Dr
28ade Fred Strilcov 150 2.5 Dr
28bbel John Kabanuck Lo 4 Dr
28bbe?2 e o800 sn, 200 + L Dr
2944 Steve Bokovas 125 L Dr
30bdb Ervin Batke iTe} 2k Dr
32db Arnold Schmidt 65 L Dr
3hbee Test hole 1379 168 5 Dr
151-84

25cdce Ed Sambor 2Lo ly Dr
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and test holes -~ Continued

Date Dapth to Use Aquifer Remarks
completed water below
land surface
(feet)
1940 122 D,S Sand Adequate supply.
8-58 ces i SRR See log.
1913 Lo D,S L[ Inadequate supply.
cone 38 D,S ..do.. Adequate supply.
" L5 D,S o s80 ¢ «sDOevse
cse Dry D,S8 .+do..
30 D,S veeers  2DOuens
1958 75 D,S ..do.. eiDOssni
“uwe 140 D,S "Coal" s sDOwnnn
1925 135 D,S Sand +eDOcoss
1953 30 D,S Clay «sDOseen
194k 120 D,S T esDOssnn
1908 100 S Sand Inadequate supply.
1900 wiw D,S Gravel Adequate supply.
cene 30 D,S Sand eeDOCees
9-58 ‘oo T cecens See log.
1955 70 D,S "Coal" Adequate supply.
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TABLE 2.--Chemical

Geologic source: D, drift; Tft, Tongue River Member of Fort Union
Formation.

Results in parts per million except as indicated.

~~
)
o o A
Q (o] o
L =] ord
] ~ + %
o 0 —
b ~ (0] ~~ %] — S~
= — - i —~ = -
(o] 0] ~ (& o —— o~ ~ 4(1__)’
® = 0 ol O 3 s
3 tn —~ ~— g = 5
e} 3] Gt ~ 0] Nt g
o ] o oy Fq g ol o
Pt 0 o © ~ 0 g o] ~
+ o Ko 0 o Q ] &
@ ~t P o ot o 3] 8 o i g
Q O 24 2 — o ~4 3 +2 .3
Q (] (0] ] -~ 5t [} © e} o) 5
=] o (=} [ w0 ] ] = 14p] R4
150-83

9dda Tft 130 2-5-63 14+ 2.4 95 119 371 11 940.0
16baal D 20 2-5-63 17 0.1 89 62 o7 11 L35
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analyses of ground water

Anslyses by State Laboratories, Bismarck, N. Dak.

gd

(D o62 3 soymoxoTW)
sousyonpuod o1J1oodg

WNTPOS JU0I3J

moomo se S$SaUPJIBH

(Pa3BINOTRY)
SPTTOS POATOSST(

(g) uoxog
Amozv 23813 TN

(&) spraontd

(10) spraoTud

(log) =3e3Ing

Amoov 29BU0QIB)

6.8

52

2,008.0 728

0.3

0

0.3
0.2

T

None T78

2,745
1,057

STk

0.28 48 48 11

0.5

187 14

None
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TABLE 3.--Logs of test holes

Test hole 1378
150-83-ldaa

Formation Material Thickness Depth
: (feet) (feet)

Glacial drift:

Soil, black--=-memerememccmcsecornon—— 3 3
Till; clay, yellow. to light brown, a
few pebbles-==emmmmmmmemcoeocenaaaa- L0 43
Till; clay, gray, fine gravel, shale
pebbles-=semmmmmmmmmme e mm e 69 I¥e
Gravel, fine to medium---===-==-c-ee-- 3 115
Fort Union Formation:
Cley, sandy, g@ray-----==------==sc===- 11 126

Test hole 1367

150-83-9ace
Glacial drift:
S0il, black~-=-=-mccrmcsm e ————— 5 5
Till; clay, sandy, and pebbly, yellow
to brown, oxidized-----ewece-cmam—m- 17 22
Till; clsy, gray, fine gravel, shale
pebbleg-cmmmmcm e e 69 91
Gravel, fine to medium---w---cememaea- 1 92
Till; clay, gray, fine gravel, shale
pebbles---csmmmmmecmm e 37 129
Lignite--eeemeemmemme e e ccn e n 2 131
Fort Union Formation:
Shale, gray--=-----=---ccesceccmcmaanx 5 136

Test hole 1380

150-83-9baa,
Glacial drift:
Soil, black-s-------mmcncnncnccmnacan- 1 1l
Gravel, fine--eeeeemememmmcccoccenaaan T 8
Till, clay, yellow, fine gravel------- 9 17
Till; clay, gray, fine to medium _
gravel, shale pebbles---c-w--eameaa- 87 ok
Gravel, fine to medium, slightly in- - e
durated-~~c-mmmecmen e 11 115
Fort Union Formation:
Clay, sandy, gray, lignite----~-e-c--- 11 126

1h



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

Test hole 1368

150-83-9¢cce
Formation Material Thickness Depth
- (feet) (feet)
Glacial drift:
Soil, black--=--=merececrcronnan- 2 2
Till; clay, light-yellow gray,
oxidizedrwmmmmmecm e e e = 5 T
Till; clay, grayish-brown, fine
to medium gravel, oxidized----- 1k 21
Till; clay, gray, fine to medium
gravel, shale pebbles=-=-=-==== L2 63
Till; clay, gray, fine gravel,
shale pebbleS-emmeecummmcmncan= 21 8l

Till; clay, light-yellowish-gray,
fine to medium gravel, shale

pebbles, oxidized---m=-=cccmem= 10 ok
Fort Union Formation:
Lignite-mem=comeccmcmmcccccccceen 2 96
Shale, gray-=----mmm--ec—ceaocec-- 9 105
Test hole 1381
150-83-9dcbl
Glecial drift:
Soil, black----=meccemmmmmamcanann - 3
Till; clay, light yellowish-gray
to yellow, a few coarse sand
Ereing--—-cscmmnccnmccnman———— 18 21
Till; clay, gray, fine gravel,
shale pebbles-=-mememmcmcaanana 35 56
Gravel, fine to mediume--======== 2 58
Till; clay, gray, fine gravel,
shale pebbleS~mecrcmmmmcmcncnu= 10 68
Till; clay, brownish-gray, fine
gravel, shale pebblese-eeecewemn= 18 86
Fort Union Formation:
Clay, sandy, groy--e----ec-c==we= 8 ol
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TABLE 3.--Logs of test holes -- Continued

Municipel Test hole
150-83-9dch2
(Log furnished by C. A. Simpson
and Sons, Bisbee, N. Dak.)

Formaetion Material Thickness Depth
(feet) (feet)

Glacial drift:

Clay, gravelly, yellow and ‘
rocks (till)=me-emmccmocaoonoca 48 18

Clay, sandy, blue and rocks
($111) == memmmm e 39 87
3T S L T T —— 2 89

Fort Union Formetion:
Clay or-shale, gray with some

COAl-mmmm e a e aaa 23 112
Clay, yelloW-===wemmccccmcncannea 5 117
Clay, gray with coal slack layers- 83.5 200.5
Rock layer, hard--~=-ceccccccacea 2.5 203
Skhale, slightly sandy, gray------ 29 232
Shale, light-gray--ece-meecocaean 9 241
Shale, brovm, hard with coal

rearticlesecececneosmecmmccamaan 7 248
Shale, gray-e=e-ececcocccmaaaaaao 26 274
Shale, Drown=e=semecceecmcmcamaaa L 278
Shale, light-green=~----ceca—mac- L 282
Shale, slightly sandy, gray------ 14 296
Hard layereserm—eececceacccmcmacanca 1 297
Shale, gray with coal and hard

layers-——ememmeomme e nccccam 12 309
OB e st 2 it 6 315
Shale, gray with few hard layers- 60 375
OB, oo s v i 3 378
Shele, gray-==sw-cs-cococcmanaca- 11 389
Shsle, brown, rather hard-------- 5 394
Shele, groye-==-ec--ccmcmrcecmcenan 2L 418
COBL. o o o s st i 3 h21
Shale, gray-~---cccmcmcccncccanns 1k 435
COBLmmmmmmm e e 6 Lly
Shale, gray-—=ccramcmnmencameean= 13 Lsh
Shale, slightly sandy, gray==---- 9 k63
Shale, groye----cecmcmmaccans ———— 29 Loz
Shale, sandy, gray------==eecceca= 8 500
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TABLE 3.--Logs of test holes -~ Continued

Test hole 1377

150-83-10aaa
Formation Material Thickness Depth
(feet) (feet)
Glacial drift: :
Soil, blacke-=-cwsmcrocuccncnn=-" Ly L
Till; clay, yellowish-gray,
fine gravel--mm----eeceeemce= - 18 22
Till; clay, dense, gray, fine ‘
to medium gravelem-ee-m-ee=== 2L 46
Clay, light-gray-------===--==--- 9 25
Till; clay, gray, fine to
medium gravel-w-==-mmm=as---= 19 T
Fort Union Formation:
Clay, sandy, gray=----=-=—-=-=== 10 8l

Test hole 1376

150-83-15az2
Glacial drift:
Soil, black-----cemmecnmcaacan= 2 2
Till; clay, yellowish-gray,
fine to medium gravel--«=~e-- 29 31
Till; clay, gray, fine gravel,
shale pebblegmmem-mmmmmmaaaan- 10 41
Tiil; clay, yellowish-gray,
fine gravel, shale pebbles--- 6 L7
Clay, sandy, light~-groy-------- 6 53
Till; clay, gray, fine gravel o
10 cObbleS=wmmmmmmmmmanaaa——- Lk 97
Fort Union Formation:
Clay, sandy, gray=--=-----==--= 8 105
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TABLE 3.--Logs of test holes -- Continued

Municipal test hole
150-83-16bac2
(Log furnished by C. A. Simpson
and Sons, Bisbee, N. Dak.)

Formation Material Thickness Depth
(feet) (feet)
Glacial darift:
Clay, brown-=---=-=cecececcece=n= 2 2
Clay, gravelly, yelloW~=mewe=-=- 3 5
Sand and gravel, clayey--======= 6 11
Clay, blue, some sandy---------~ 80 91
Clay and boulderse=--=-ec-ceecmw= 2 93
Clay, very gravelly-=---==e---=- 2k 117
Chy, gravelly--e-em-=--=--=cea- 9 126
Fort Union Formstion:
Shale, gray with coal flakeg-=--- 25 151
Test hole 1373
150-83-16cce
Glacial drift:
Soil, black---e-cmmmcrecmncncan= 1 1
Till; clay, yellow, slightly '
oxidized, fine gravel--------=- 39 Lo
Till; clay, brownish-gray, fine
gravel, shale pebbleg----~==-= 67 107
Fort Union Formeation:
Clay, sandy, gray=e=-==-===-=-=c-- 8.5 115:5
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TABLE 3.--Logs of test holes -~ Continued

Test hole 1372
150-83~1Tced

Formation Material Thickness Depth
(feet) (feet)

Glacigl drift:

Soil, blackeseme=mmmoscaceamm=n 5 5
Till; clay, yellowish-gray, L

fine to coarse gravel-=---=--= 11 16
Till; clay, grey, fine to

medium gravel=-------====m=-- 26 L2
Gravel, COBTSemm=====m=memma=== 1 L3
Till; clay, gray, fine to

pedium gravel=~--==--=sseem== 56 99

Fort Union Formation: '

Clay, sandy, gray==-=---=-=--=-= 16.5 115.5

19



Formation

Glacial drift:

TABLE 3.--Logs of test hole

Test hole 1369

g ~-- Continued

150-83-18aaa

Material Thickness Depth
—_ (feet) (Teet)
Soil, black-====-m-=s==-=-=s====s 3 3
Till; clay, yellow, medium to

coarse sand and a few pebbles,

oxidized---==m===memmm=sm=——= 19 22
Till; clay, gray, fine to med-

ium gravel, shale pebbles,

lignite fragmentg------====---= 68 90
Ti1l; clay, light-grown, coarse

gsand and pebbles—==-========== 30 120
Gravel, fine to medium, silty,

lignite fragments=-—----======= 6 126
Till; clay, gray, fine gravel,

shale pebbles-====-=--sm====== 1L 137
Sand, indurated lenses inter- ‘

bedded with till--e==m=--===== 8 145
Till; clay, gray, fine gravel, :

shale pebbles=m---===m======== 2 17
Gravel, fine, large concentration

of shale granules, lignite

froguents==m=========o=s====== 9 156
Ti1l; clay, gray, fine gravel,

shale pebbles, lignite

frogments-==-----===m-csss====" 16 172
Sand, indurated lens-----====-== 2 17h
Till; clay, gray, fine gravel,

shale pebbles and lignite

Proguents==m=-=e=mm=-m=-====== 9 183
Til1l; clay, gray, fine gravel

consisting largely of shale

grenules, lignite fragments--- 5 188
Ti11; clay, gray, fine gravel,

shale pebbles, and lignite

fraguents--~==-=c====m=c====== 23 211
Till; clay, sandy, fine gravel,

chale and lignite fragments--- c 220
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Formation

Glacial drift:

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

Test hole 1370
150-83-18bbb

Fort Union Formation:

Glacisl drift:

Fort Union Formation:

Meterial Thickness Depth
(feet) (feet)

Soil, black-=emcmenmmmcmcamnn== 1 1
Till; clay, yellowish-gray----- 8 9
Till; clay, yellowish, fine to '

medium gravel--me------m=ece-- P 33
Till; clay, gray, fine to coarse

gravel-—-ccmmmmmmm——————ee e —— 75 108
Sand, coarse, fine gravel and

lignite-emeecmccnemmmercnaen—= 15 123
Till; clay, gray, lignite

fragments—--—-smmmem--=—cm—e=- 5 128
Shale, clay, sandy, gray-=------ 8 136
Lignite (core)--mm--cemcnamcum-- 10 146

Test hole 13Tk
150-83-28bbb

Soil, black--------=ceemocnc—aa- 3 3
Till; clay, yellowish-gray, fine '

o medium gravele----e--==== -- Ly Ll
Till; clay, gray, fine to medium : ‘

Eravel-m--memmcccmcmcmmem - 40 8l
Till; clay, brownish-gray, fine

to medium gravel------=e-—a=-- 37 121
Clay, sendy, gray-----------=-=- 5 126
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TABLE 3.--Logs of test holes -~ Continued

Test hole 1375
150-83-33bbb

Formation I_/I_g_i_;erial

Glacial drift:
Soil, black===ercccommocwmamess
Till; clay, yellowish-gray, fine
to medium gravel, slightly
pxidized-eem=remmenconnnmm—=s
Ti11; clay, yellow, fine to
medium gravel, slightly
oxidized-ere~-mmsom—measmamee
Till; clay, gray, & little fine
to coarse gravel, shale
pebbleg---remmmmmammmmeomsos
Till; clay, light-brown, a
1ittle fine to medium gravel,
glightly oxidized-w=w—w==eoe=s=
Send, coarse, end fine gravel,
consisting of shale granules-
Till; clay, gray, fine gravel
and shale pebbleg=--====w====
Fort Union Formation:

Clay, sandy, gray=-----=-====--==

Test hole 1371
150-84-12cce

Glacial drift:
SOil’ blaCk ---------------------
Till; clay, gray, small gmount

Ti11; clay, light-yellowish-
brown, fine to medium gravel--
Till; clay, gray, fine to medium
gravel, shale pebbles=--=-=--=-==
Fort Union Formation:
Clasy, graylsh- to greenish-brown,
fine to medium sand-=---=====-

Thickness

Z feet 5

12

62

18

32

10

11

67

20

Depth

(feet)

10

102
105
137
1h7

18
85

105



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

Test hole 1379
151-83-3kbee

Formation Material Thickness Depth
(feet) (feet)

Glacial drift:

Soil, blecke-===s-==swmmnmomoses 1 1
Till; cley, yellowish-gray and
fine to medium gravele-----== 15 16
Ti11; clay, gray, snd fine
Eravel-emmm=mecsmmmm—eoe———- 78 9k
Till; sand and clay---====-=<== 11 105
Sand, fine, and clay--====--==< 10 115
Fort Union Formation:
Clay, sandy yellowish-gray----- 53 168
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