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GEOLOGY AND GROUND-WATER RESOURCES NEAR BERTHOLD,

WARD COUNTY, NORTH DAKOTA

By
P. G. Randich

Introduction

As a part of the cooperative program of ground-water investigations
in North Dakota, the U.S. Geological Survey, North Dakota State YWater
Conservation Commission, and North Dakota Geological Survey are making
studies of ground-water resources available for municipal use, Inves-
tigations are made of small areas surrounding towns that have requested
aid from either the North Dakota State Water Coaservation Commission or
the State Geologist. Also, some county ground-water studies are being
made. Reports on the larger investigations may include all or some of
the results of previous, smaller mumnicipal water-supply studies.,

The present investigation, which began in 1958, was made at the
request of the city council of Berthold. It included test drilling and
pumping, inventory of selected wells (table 1), water analysis, eval=-
uation of available geologic and hydrologic data, and preparation of
this report. The area of investigation consists of 120 square miles

in and around Berthold.,



The northeastern part of the Berthold area is in the Drift
Prairie section of the Central Lowland Province, and the south-
western part is in the Missouri Plateau section of the Great Plains
Province. (See fig. l.) The Drift Prairie is gently rolling or
slightly hilly, whereas the Missouri Plateau, which is higher, is
hummocky and has a large number of marshes. Short intermittent streams
connect marshy areas and drain northeastward. Climatologic records for
Berthold are not available, but at the Minot airport, about 20 miles
southeast of Berthold, the average annual precipitation is 15.61 inches,
and the average annual temperature is 40,5°F,, based on a l6-year
record by the U.S. Weather Bureau,

The population of derthold, according to the 1960 census, is 431,
Residents of the community depend almost exclusively upon wells for
their water supplies. Large-diameter wells range in depth from 9.6
to 80 feet, whereas small-diameter wells generally are more than 300
feet deep. In 1963 the Berthold municipal system was supplied primarily

from one well, 570 feet deep.
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FIGURE 1--MAP SHOWING PHYSIOGRAPHIC PROVINCES IN NORTH DAKOTA AND LOCATION OF THE BERTHOLD AREA.




The well-numbering system, illustrated in figure 2, is based
on the Federal systemn of rectangular surveys of public lands. The
first numeral denotes the township north of the base line which extends
laterally across the middle of Arkansas; the second numeral denotes
the range west of the fifth prinicpal 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 (10-acre tracts). Ccnsecutive terminal
numerals are added if more than one well, test hole, or spring is shown
in a given tract. Thus, a well numbered 156-86-15daa (fig. 2) would

be in the NE 1/4 NE 1/4 SE 1/4 sec. 15, T. 156 N., R. 86 V.
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FIGURE 2--SYSTEM OF NUMBERING SPRINGS, WELLS, AND TEST HOLES.



Geologz_gnd ground-water resources

Ground water in the Berthold area occurs in Pleistocene glacial
drift and sedimentary rocks of Tertiary age. The glacial drift consists
of moraines, eskers, and buried-channel deposits. The drift probably
was deposited during several stades of the Wisconsin Glaciation. The
- youngest bedrock in-the area,-the Fort Union Formation, is composed of
clay, shale, sandstone, sand, and lignite of Tertiary age.

. Information regarding the geology and hydrology was obtained from

© 18 test holes and in part from published reports. The locations of the
test holes are -shown on figure 3, and the logs are given in table 2.
The- test holes were drilled with a hydraulic-rotary drilling machine
-owned by the North Dakota State Water Conservation Commission, to depths

“ranging from 21 to 302 feet; samples- were taken. of each 5-foot interval.

“Pleistocene glacial drift

“-Ground moraine.--The northeastern and central parts of the Berthold

.area are covered by ground moraine (fig. 3), consisting of till and
"stratified sand and gravel deposits. Till is a heterogeneous, unsorted
" mixture of .clay, silt, sand, gravel, and boulders, which is relatively
impermeable and yields little or no water to wells., The stratified
- sand and .gravel depsoits yield adequate supplies of water for domestic

.and-stock needs, but only .a -small number of wells-tap the deposits.



NORTH DAKOTA STATE WATER COMMISSION
News Release
October 10, 1963
Water Commission Releases
Groundwater Study Report
for Berthold Area

Sufficient water of fair quality to supply Berthold's municipal
needs is avallable in that area, according to a report released today
by the State Water Commission.

Locations and logs of the 18 test holes drilled, well inventory,
quality analyses, along with a map of the area are included in the report.
Some 120 square miles are included in the study area located about 20
miles northwest of Minot in Ward County.

A groundwater survey of the entire county is to be started in
fiscal year 1964 in cooperation with the recently created Ward County
Water Management District.

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

P. G. Randich, United States Geological Survey, is author of the

report, copies of which are available from the Water Commission in

Bismarck.



aA_North Dakota State Water CommissionnAA/

1301 State Capitol 223-8000 Ext 41
Bismarck, North Dakota 58501

LETTER OF TRAMSMITTAL

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,

oto W. facoreen

Milo W. Hoisveen r~2;f
MWH :hs Engineer-Secretary

" Mimeo #160

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
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In the ground moraine area 13 test holes were drilled, 11 of which
penetrated the entire thickness of the drift (table 2). This thickness
ranged from 171 to 201 feet. In test hole 1414 (156-86-34ccc), 21 feet
of silty gravel is present, between depths of 125 and 146 feet. This
gravel was not penetrated in adjacent test holes, so it probably is of
small areal extent. In test hole 1418 (156-86-9ddd), there is 131 feet
of sand and clayey sand between depths of 65 and 196 feet. This deposit
might yield an adequate water supply for the city, however, the clayey
sand would probably have less permeability than the clean sand.
Additional test drilling would be desirable to obtain more data on its
areal extent and thickness at other places. Also, aquifer testing is
needed to determine the permeability of the water-bearing sands and the
recharge and moverent of ground water in the area.

Max moraine.--The southwestern part of the area (fig. 3) is
covered by the Max moraine of Townsend and Jenke (1951). It is a
deposit consisting predominantly of clayey till, and it differs from
the ground moraine in having greater local relief, numerous undrained
depressions, and more surficial boulders. Test hole 1424 (156-87-21ccc)
in the Max moraine penetrated 48 feet of sand between 383 and 136 feet
(fig. 4). A properly developed well in this zone might yield sufficient

water for the town or other needs.



Eskers.--Sinuous ridges of ice-contact stratified drift, identified
as eskers, overlie the Max moraine in the western part of the area
(fig. 3). They consist of mixed sand, gravel, silt, and till and
generally stand 10 to 20 feet above the surrounding terrain (Lemke, 1960).
Test holes 1413 (156-87-28aaa3) and 1514 (156-87-21ddd) penetrated 12
and 11 feet, respectively, of gravel and sand in these deposits; the
eskers are underlain by till (table 2). An analysis of a water sample
from test hole 1514 shows that the water is of relatively good chemical
quality, Because these deposits are shallow, yields of wells might
not be sufficient for a lasting municipal supply.

Buried channel,--A shallow depression extending southwest across

the Max moraine was mapped by Lemke (1960). This depression is under-
lain by a buried channel (fig. 3). In test hole 1412 (156-87-23ddc),
302 feet of till was penetrated, indicating a deep channel in the area;
a boulder at 302 feet prevented deeper drilling (table 2). As similar
buried channels contain water-bearing sand and gravel in some parts

of the State, additicnal testing may be justified to obtain more data

on the channel in the Berthold area.
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Bedrock

Rocks of Tertiary age underlie the glacial drift in the Berthold
area, On the basis of data from 12 test holes, the top of the Tongue
River Member (Paleocene) of the Fort Union Formation lies at a depth
between 170 and 200 feet (fig. 4). Sand and lignite layers of the
Tongue River lMember yield water to wells and are the major source of
ground water in the area, yielding as much as 30 gpm (gallons per minute),

Wells of various depths derive water from the bedrock, The incon-
sistency of well depths within comparatively short distances indicates
that the bedrock aquifers are discontinuous, probably consisting of

lenticular sandy zones or fractured lignite layers.

Analysis of aquifer test

An aquifer test was made at the site of the city well (156-86-21dcb),
which is 570 feet deep and taps the Fort Union Formation. The well
had not been pumped for 24 hours before the test, which lasted 12 hours
and 40 minutes. The water level before pumping was 112.20 feet below
the land surface. Owing to the short duration of the test, the lack
of data on the thickness of the aquifer, and the lack of records from
observation wells, the results were inconclusive. However, valuable
information was obtained concerning the productivity of the aquifer and
the specific capacity of the well, The drawdown in the well after 12
hours was 20.5 feet, while pumped at 6.4 gpm. Dividing the pumping
rate by the drawdown, a specific capacity of about .3 gpm per foot

of drawdown is obtained. Assumed to be the same at different rates

o T



of discharge, the specific capacity is used to predict drawdown at
different pumping rates. Pumping the well for 12 hours at 30 gpm
would produce a drawdown of about 100 feet, and the pumping level would

be about 212 feet below the land surface.

Source and movement of ground water

Recharge to aquifers in the glacial drift is derived from
precipitation and (or) seepage from surface-water bodies, Recharge to
bedrock aquifers probably is derived partly from water percolating down-
ward from the glacial-drift aquifer and partly from water moving
laterally into the area.

Ground water probably moves through the Fort Union Formation
from the southwestern part of the Berthold area to the northeastern
part, which is generally lower in altitude., This movement is controlled
locally by the bedrock channel, regional slope, and local differences

in the transmissibility of the aquifers.



Chemical quality of ground water

The quality of water for public supply and domestic use commonly
is evaluated in relation to standards of the U.S. Public Health Service

(1962). These standards, in part, are as follows:

Maximum
Constituent concentration
(ppm)
Iron (Fe)=-mecwccacacoccccccacncancas 0.3
Manganese (Mn)---e=cce-a- OO ——— .05
Sulfate (£0g)-----mmcecccmmmacaccncax 250
Chloride (Cl)-e-wccmccammcmamcacccana 250
a/
Fluoride (F)wemwececmcecmmcancnccaaaax 1.7
Nitrate (NOg)=mmmmmmmmme o e - 45
Dissolved s0lidS==mccrerucnccncccnans 500

a/Based on annual average of maximum daily air temperatures at Minot.
Ground water of good quality for general use is difficult to

find in the Berthold area (table 3)., Water samples were collected

and analyzed from 3 private wells, 1 city well (2 samples), 1 school

well, and 1 test hole. The analyses show a wide range in total

dissolved solids and in the relative proportions of dissolved constituents.

The iron content generally exceeds the limit of 0.3 ppm recommended by

the U.S. Public Health Service (1962); however, this can be reduced

to or below the recommended limit by proper treatment. Recommended

maximums of some chemical constituents were exceeded in all but one

sample (156-87-21ddd). However, water having more than the recommended

maximum for some constituents has been used in North Dakota for many

-9 -



years without apparent ill effects. iater from the Fort Union Formation
is primarily a sodium bicarbonate type having a high dissolved-solids
content and relatively low hardness, Owing to the high dissolved-
solids content, it may have an objectionable taste or color, and treat-
ment is desirable.

Water from the drift differs from that of the Fort Union Formation.
Water from the drift well (156-86-16cdd) and from test hole 1514
(156-87-21ddd) is of the magnesium bicarbonate type and very hard.

Water from well 156-86-10ccb, which probably is derived from the base
of the drift or the upper part of the Fort Union Formation, is of the
sodium carbonate plus bicarbonate type and is soft. Recharge is from

the overlying glacial material,

- 10 -



Summary of ground-water resources

Most wells in the Berthold area obtain water from bedrock aquifers
in the Fort Union Formation, of Paleocene age. The municipal supply
for Berthold is obtained from this formation, which yields as much as
30 gpm to properly developed wells, Water from the bedrock contains
high concentrations of dissolved solids.

Aquifers consisting mainly of sand deposits in the glacial drift
supply water to a few wells in the Berthold area. Test drilling
reveals that a relatively large amount of sand and clayey sand
is present in the vicinity of test holes 1418 (156-86-9¢dd) and 1424
(156-87-21ccc). However, pumping tests are needed to determine aquifer
characteristics. A lesser amount is present near the surface in
test holes 1413 (156-87-28aaa3) and 1514 (156-87-21ddd), which could
supply small amounts of water of good quality for stock and domestic
uscs, Additional test drilling in a buried channel in the western part
of the area may locate deposits of sand and gravel capable of yield-

ing a good water supply.

-11 -



TABIE 1l.--Records of

Depth of well and depth to water: Measured depths
are given in feet and tenths; reported depths are in

feet.

Type of well: Dr, drilled; Du, dug; Dv, driven.

Location Owner or Depth Diameter Type Date Depth
No. name of of completed to
well well water
(feet) (inches) (feet)
155-85
Saad A. H. Brocks 223 5 Dr 1925 0
6daal  Henry Nesham, Jr. v L Dr cees 2l
6daa2 > [ 17 36 Du 1918 9
8adal George Hennesy 375 L Dr 1928 veses
8ada? x oG a4 o 25 48 Du 1930 10
18asal Neil Jeffrey 36 3 Dr coee tesen
188882 ..d0.... 1h5 5 Dr 1910 Flow
18ccbl  ..do.... 140 5 Dr - 10
18cecb2  ..do.... 26.0 2L Dr 1946 9.40
155-86
laaa A. Olson 550 L Dr 1915 Lo
1bbb L. Mann 250 L Dr 1916 I
2dasl  Wm. Hennesy 1k 22 Du 1910 covse
23882  ..d0.... 450 5 Dr 1510 50
Saab Linster 363 h Dr 1946 70
6bda. Marths Linster 281.0 3 Dr 1910 191.27
6cde wnllw e 4 60 2h Dr 1915 25
Tebb Unknown 80 2h Dr cees 17.56
8bbbl Engebretson 520 2 Dr 1910 SR
8bbb2 w30 wwwn 22 2L Dr 1952 sesas
Qaas, Test hole 1415 189 5 Dr 10-58 A
10abe Kilbourne 300 .e . 1933 sensae
llcecd E. Kilene 2L0 3 Dr 1915 62.00
12baa H. E. Mann 325 6 Dr 1950
licbe  EQ Fleming 25 18 Du 1910 4
17aaa Wm. Dokken 3L 2L Dr 1952 8
1Tbadl Harold Arndt 350 L Dr 1928 80
1Tvad2 ..do.... 50 18 Dr 1955 25
18beb Earl Deaver 280 .e Dr i
2laaa, Test hole 1416 178.5 5 Dr lO:éé :::::

12a



wells and test holes

Use of water: D, domestic; Ind, industrial; N,
none; S, stock; T, test hole.

Remarks: Chemical analyses are in table 3; logs
are in table 2. The terms adequate, inadequate,
saline, hard, and soft are water characteristics
reported by the owner.

Date Use Aquifer Renarks
of

neasure-

ment

1925 D,S | mmEEww Adequate supply.
s 00 s D LA B A A 1 .ODO....
T wue wuewa Inadequate supply.
LR S *h 80008 QODOOOQ.
cersses D Sand Adequate supply; 20 grains hardness.
FREEENE D Il Adequate supply.
sevsans S e300 eeDOcses
s+ @ 90000 N s e B 0o
9-24-58 D,5 «.do.. Adequate supply; 25 grains hardness.
seseane D,S csenss Adequate supply; saline.
T S sesves
PR D .+d0.. Adequate supply.
tasecese D,8 casmen Adequate supply; saline.
sessens D,S «do.s DO
9-25-58 N ee@O.s «sDOeven
sesssns D,8 csesase «.DOc.un
10-1-58 N sesess
LB B D’S *a s o8 QCDOOOOO
sesunne S «edO.. Inadequate supply.
cEnawne T o See log.
seaense S sssees Adequate supply.
9-24-58 D,S Clay asDDswuy
senssee D,S Sand eeDOcese
sesnnns ++d0.. ssDOcaas
csseses D,8 0e80.s eeDOsass
cemamae S «+30.. Adeguate supply; saline.
cesvens D .«do.. Adequate supply; saline; 25 grains

hardness.

% mwee D,S o e Adequate supply; saline.
secenne T i W See log.

12v



TABLE 1l.=-«Records of wells

Location Ovmer or Depth Diameter Type Date Depth
No. name of or completed to
well size water
(feet) (inches) (feet)
155-37
13dce W. T. Greenup 300 L Dr 1920 150
155-85
beed Wendall Schsasan 353 1.5 Dr 1955 185
Tcbb Mrs. Peter Olson 265 I Dr 1925 30
Tded Glenard Glein 32 2k Du 1941 22
18abbl  Ings Laumb 45 2l Du veee  11.04
18abb2 ..d0.... cee e Du cose 11.00
18cec Ollie Otto . - ‘s e 2.ks
19cccl  Virgil Fegley 250 L By 1957 15
19¢cce2  ..40.... 270 W Dr ceon 30
19cce3  +.30.s.s 16 10 o LEFE 6
20bee Loren Burkhart 280 5 Dr ceee 18
29bbb Jess M. Joiner 22 5 Dr 1011 Flow
29cddl  Art Soderberg 350 5 Dr 1925 6
29cad2 eel@0.cacn 20 6 Dr 1952 6
30bba Virgil Fegley 280 L Dr 1912 15
3laadl Joe Nesham 22 2L Dr 1945 8
318242  .d0.... 233 6 Dr 191k 7
32ccel  John Sandstrom 287 L Dr 1917 2l
32ccc2 ¢ 500 0wy 33 12 Du 1938 27
156-86
1ddal  Mrs. Hannah Ness 198 5 Dr 9-58  .....
ld.daa n-dO.o-. 60 . e DI‘ sesce eassse
1dda3 e elCanss 428 - Dr p— —
1ddah o Bl v s 20 18 Du snw saaye
2ace Norman Moger 270 1.25 Dr 1922 T
24 Harto Moger 250 2 Dr 1926 1k
3dedl Mrs. Edwin Lokken 270 Vi Dr 1922 A
3dad2 «s004ess 16 36 Du T T
haasl Mrs. Edna Holmen 290 6 Dr 1925 170
haaa? eed0eeen 18 8 Dr 1947 6
heee Harry Kalenze 300 “w Dr cess 30
5dddl Arnst Schwope 11 2L Du 1956 7
53442 . T T 280 L Dr 1916 covee
6ada Benhard Larson 400 h Dr 1928 Lo
6bbbl  Sem Higgins 286 5 Dr 1916 18
6bbb2 w BT x 0 18.0 4 - 1942 13.18
Teee Lydia Heller 275 2:5 Dr 1915 75
7ddd John M. Stine 325 I Dr 1915 60
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end test holes =« Continued

Date Use Aquifer : Remarks

of
measure-

ment

NN — S Sand Adequate supply; saline.

ass0mee ‘D,S COdOOl

s 00000 D,S 2o c0e0

ssesasse D Gravel Inadequate supply.

9-224-"58 N sevo s

9-2’4"'58 N sessen

9‘21‘-‘58 s se000 00

eseceen D +e804 o

seecass S eonssa Trace of soda.

sseeses D ++d04s Inadequate supply.

LR N :D’s LR R R N R Y

LR RN S NN S Coal

LR B N N T N 3 s ‘ldo..

asseses D Gravel Adequate supply.

aes st o e S coal OODOOOOO

(R N RN N D clay 00D0.ooc

ereesnns S sessns Adequate supply; see chemical analysis.
. e D,S Coal Adequate supply.

(AN AN = N] D Sand ODDOOOCC

L BN N LB N San.d and

gravel

LR RN N N X ] S (R SN N ] Q.DOO.QC

esssnss S Sand Abandoned, filled in with sand.
ssvnsae D cseans Adequate supply.

LA R R N N ¥ D,S GraVEl QODOQOQO

S8 68098 D,S ..do..

¥ BN E B S +ed0..

9-23-58 5 PR Adequate supply; 9 grains hardness.
SRR D Clay Adequate supply; 45 grains hardness.
csesava D Sand Inadequate supply.

ss00vpne :D’S esense Ad.eq_u.ate Supply.

LE N E R RN S tldO‘t O'DOOQ‘.

T eevs 00 D [ R E W ..Dot...

10-1-58 D Clay Adequate supply; 20 grains hardness.
seenesse .o Sand Inadequate supply.

cesas D PN s [o I Adequate supply.

13



TABLE l.--Records of wells

Location Owner or Depth Diemeter Type Date Depth
No. name of or size completed to
well (inches) water
(feet) (feet)
156-86 (Cont.)
8dca Kenneth Buen 32l L Dr 1927 60
Ybee John Allshouse 299 L Dr 1917 b5
9dce Harry Kalenze 327 3 Dr 1920 30
9dda Test hole 1118 210 5 Dr 10-58 ...en
10ccb Francis Bruels 180 L Dr vese seses
llbaa  Paul Froxel 200 L Dr 1923 L
122ddl  Raymond Fegley 260 L Dr 1929  1b
12ada2 PLo [ PrgRgege 271‘- L Dr 1956 sesee
122833  +.30.4.. 18 . Du 1949 cosee
12bbbl Curtis Churness 180 L Dr 1946 12
12bbb2  ..d0.... 15 8 Dr 1943 9
13bbe Lester Lautenschlager 300 .o .o cese ceese
13CCd cndOowo. 365 P oo esse cos e
13dce Ralph Rosencrans 200 1.25 Dr 1940 Flow
1hecad Francis Bruels 200 5 Dr - A
15bee Earl Brown 325 2 Dr 1917 70
16sad Test hole 1h21 105 5 Dr 10-58 -
16cdd John Allshouse 17 2L Dr 1951 12
16daa Test hole 1420 178.5 B Dr 10-58 ——
17aaal John Allshouse 15 12 Dr 1928 9.86
178882 ..d04... 295 5 Dr 1910 40
18cchb Harold Heller 275 3 Dr . N
2lacd W. H. Gilmore 25 .o Du teee essee
2lbas, Test hole 1h17 210 5 Dr 10-58 cesen
2lcaal Berthold School 277 3 Dr v 90
2ldba  John Alhas 17.6 36 Du cee.  11.83
21dbb Test hole 1409 210 5 Dr 9-58 S
21dbd  Walt Kruger 15.5 36 Du ceee  11.79
2ldcb City of Berthold 570 3 Dr w5 e 112.20
2ldec City stockyard 1.3 L8 Du e Ifh8
214ddl  Terry Abern 20.3 - Du ¥ 445 14.83
21ddd2 Test hole 1423 220.5 5 Dr 10-58 o ohd
228da George Tudahl 280 L Dr 1923 5
22bbb William J. Roberts 400 L Dr 1930 veces
22bcb Harry Brown 224-5 'S Dr esss sesaw
22cce Billy Roberts 328 - Dr T PP,
22dce Weslie 01l Co. 260 4 Dr 1957 60
23beb George Tudshl 2ho 6 Dr 1925 PR,

1hsg



and test holes -~ Continued

Date Use Aquifer Remarks
of
measure=~
ment
sesaces D,S e Adequate supply.
8 9000 D,S [ E R R RN ] QQDO....
es 00000 S LI 3 B R N ..DO..I.
L2 I B ] T L I I ] See 10%-
cesesee D,8 Drift(?) See chemical analysis.
senssas D,S Coal Adequate supply.
TTTILL Db,s Sand Abandoned.
R D,S Gravel
sevanee D Clay
secnavs S seases Adequate supply; 20 grains hardness.
| W D «ed0.. Inadequate supply.
sessess ves P Adequate supply.
2008900 S 9 o000
seecens . essece Adequate supply; 25 grains hardness.
cesnves D Send Adequate supply; 27 grains hardness.
vesenes T sevess See log.
. oo Drift Inadequate supply; see chemical analysis.
sesases T ewenen See log.
9-23-58 S Sand Inadequate supply; 29 grains hardness.
sassEne D,S ceenee Adequate supply.
2060 e0 D,S 288 800 OIDOQ-..
savseee D Clay Inadequate supply.
ecesense T sseaes See 10go
sembndd PS Sand(?) See chemical analysis.
9-23-58 N Clay
seeenes T TEENR] See lOgo
9"23"58 D o'dOoo
sennsae PS Sand( ?) Adequate supply; see chemical analysis
and aquifer-test data.
9-24-58 S Clay
9”23-58 D o.d.Ooo
cssssns T cresne See log.
L I N NN D,S 80000
LR BT A A 2 S L BN B B A
cse e S ¢e 800
e 6O 08 N se 800
censene Ingd. cecese
sesssns D,S Coal

b



TABLE 1l.--Records of wells

Location Owner or Depth Diameter Type Date Depth
No. name of or size completed %o
well (inches) water
(feet) (feat)
156-86 (Cont.)
33cce Leonard Johnson 320 L Dr 1918 122
2lbbb Lester Lautenschlager 365 L Dr 1520 L
2hcdd  Kenneth Luke 220 L Dr 1911 10
25ase  Test hole 1411 210 5 Dr 10-58  sesee
25cce Unknown 170.6 e Dr cose 31.33
26bbb  Test hole 1419 199.5 5 Dr 1958 ..een
28aaa  Victor Davy 320 3 Dr 1908 conee
29aa8 A, Haugen 200 2 Dr 1915 90
29abb  Test hole 1L410 178.5 5 Dr 9-58  s.een
30bab  Willard Johnson 320 L Dr 1918 280
30ddd Earl Deaver 400 4 Dr 1907 130
3laaa  Robert T. Hagen 2L5 L Dr 1920  156.16
3hbbe Test hole 1hk22 105 5 Dr 10-58 p—
3icce  Test hole 1h1h 189 5 Dr 10-58  ..eee
35aba  Strait 30 18 Dr 1953 20
35daa - ' PO, 2h0 L Dr 1913 Lo
156-87
Teeo Hilman Johnson 410 3 Dr 1918 180
1lddbl John 0. Lee 585 l Dr 1955 88
11ddb2 . .30es.. 296 3 Dr 194 eees
11ddb3 ..30.ese 300 P Dr 191k vesen
12bcel  Bernhard Wold 500 4 Dr 1915 100
12bcc2  +.d0eese 60 2h Dr 1956 Dry
12bece3 esl0cess 20 oo i 1920 exawe
12dad Leon Birdsall 300 0 2 Dr 1912 Lo
13add E. J. Burke 400 3 Dr 1915 70
13bbbl Ralph Birdsall 300 3 Dr T 100
13bbb2  ..dO.s.. 25 ol Du ceer  veees
13cce Don Birdsall 403 2 Dr 191k 126
2lcee Test hole 1h2L 189 5 Dr 10-58 PP
21444 Test hole 151k 21 5 Dr 10-58 -
23dde Test hole 1412 302 5 Dr 10-58 R
2licca DePute 30 2L Dr 1933 6
25bbad DeBilt 18.0 30 Du R 13.10
26bce Floyd Schwede 319 3 Dr 1918 A
28aasal A. J. Elstoen 10 72 Du 1910 5
282882 ..d0.... 13 60 Du coee cevee
28s2a3 Test hole 1413 63 5 Dr 10-58 —

1%



end test holes -- Continued

Date Use Aguifer Remearks
of
measure =
ment

D,s svoes Adequate supply
seveacas D,S ceeas 5 grains hardness.
D,S Sand Adequate supply.

ssesaas T censs See log.
9-25-58 N canve
20000 S0 T LI 2 O O .'DOI.O.
L N O I ) D’S *ee s e

D,S seaee Adequate supply, soft.
TP, T s See log.
D,S weews Inadequate supply.-
teeesae D,S Gravel
9-23-58 D,S Sand
ciecens secse See log.
sessens T ssese N ) o JRPPN
cussnw D,S Clay Inadequate supply.
sessves N Sand

sesveme

20600080

V5]

cesase Adequate supply.

[ERE N E RN

20008080 D’S '.do..
L B 2L N ] .'d-oll
se 80080 Coal
2290000 s 9080839 ooDO.o.o

seso b

Clay

200900 OODO...I

T IT 2 grains hardness.
KRR D,8 Cosl Adequate supply.
cessesse S Sand

cesvena D seenace Inadequate supply.
sesanas D,5 EYRpRp— Adequate supply.

008000

nNnouzn=a =R

L B

[ T LI N ] See log'
sesccns T cssnes See log; see chemical analysis.
LA N R B NN J T ® 00 » o8 See logl

wawwees D,S «e@0., Adequate supply.
9‘23‘58 S codOo. l.Dot"O
ceesase S Coal

s snene D,8 Gravel esDOesss
L B 2 B AR A L LN Sand
a9 690090 T LI B R ] See log‘

1%



TABLE 1.--Records of wells

Location Owner or Depth Dismeter Type Date Depth
No. name of or size completed to
well (inches) water
(feet) (feet)
156-87 (Cont.)
35cbbl  Unknown voe 2L Du sass 537
35¢bb2  ..d0s..e 11.0 60 Du . 8.80
3baac Ray Johnson 350 L Dv P R
157-85
3lccd Oolav Ronnigen 196 3 Dr 1928 18
32bce Theodore Nokleby 300 3 b — 150
33dedl Walter Troxel 396 b Dr 1915 i 5w
33(1(2(32 . .dO s0 e 65 2"’ DI‘ 1955 ses o0
157-86
3lecdd Unknown 9.6 18 Du sens Dry
3kbeal Johnnie Furvlie, Jr. 196 L Dr 1925 10
315»1)8.32 ood.Oc.qu 18 18 DI‘ e eos e
3licac Joan Stalwick 192 3 Dr 1916 4o
3588bl Sig Ronnigen 280 3 Dr 1917 50
3588b2  ¢+d0.e0s Lo 12 Dr 1gh2 15
36abb Paul Skinningsrud 180 .o Dr cene %o

16a



and test holes -~ Continued

Date Use Aquifer Remarks
of

measure-

ment
10-1-58 N cssess
10'1-58 N Poeosee
S S sevsns Adequate supply; saline.
ceasens D,s resess 20 grains hardness.
SEpEeEs S Sand
L R B ] S ledO'.
e D 2480, Adequate supply.
10-2-58 N sesees
veveaes D,S veesse Adequate supply; 20 grains hardness.
LY D sxewes Inadequate supply; 25 grains hardness.
cesvane S Gravel Adequate supply; 18 grains hardness.
coensses S Coal Adequate supply.
cectsne D Sand Inadequate supply.
seersas N cesess Adequate supply; 15 grains hardness.

16b



TABL4 2.--Logs of test holes

155-86~%aasa
Test hole 1h15

Geologic
unit Material Thickness  Depth
(feet) (feet)

Glacial drift:

Soil, blacke-=memcmemmmcccncn e eceeen 2 2
Till, clayey, yellowish-gray; and fine
Eravelesemmmemecuecemeccceen e m———————— 18 20
Till, clayey, gray; fine gravel; and some
lignitemmemccmmcmcmc e ccc e e e 11 31
Send, fine, silty-=sem=reecccccemcnacann= 5 36
Till, clayey, gray; fine to coarse gravel;
and some lignite----cmeco-me—ncccannnaa 95 131
Gravel, fine to coarse~----ce=me-cecccvmmn. 2 133
Till, clayey, gray; and fine to medium
== T L8 181
Fort Union Formation:
Clay, silty, light-gray-=-ee-eceeecenceax 8 189
155-86-21aaa

Test hole 1k16

Glacial drift:

Soil, blacke-=-wmcmccccmmancrcc e cccaaae 1 1
Till, clayey, yellowish-gray; and fine
Eravelem-emmececm e cc e e cec e —————— 11 12
Till, clayey, gray; and fine to coarse
EPBVEL - cmmemnn e semmammn m-—————————— 146 158
Fort Union Formation:
Clay, silty, vyellowish-gray--=-seeecemman 20.5 178.5
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TABLE 2.--Logs of test holes -- Continued

156-86-9dd4
Test hole 1418

Geologic
unit Materisl Thickness Depth
' T (feet) (feet)
Glacial drift:
S0il, blacke=m=re~cemccececcmce e e e 1 1
Till, clayey, yellow to yellowish-gray;
fine gravel and lignite fragments,
0Xidizedemcemmmcmm e 51 52
Till, clayey, gray; fine gravel; shale
pebbles; and lignite fragments--------- 13 65
Sand, fine to coarse, silty; large amount
of claymmeemmremccmccrac e cm e 12 7
Send, medium to coarse, fairly clean----- 7 84
Sand, medium to coarse; and sandy blue
clay; large amount of lignite; and
shale grainge-esceccosccacevaccnccnnans 68 152
Sand, coarse; and sandy blue clay; lig-
nite; and shale graing----c--cmceccmcans 16 168
Sand, coarse to granule gravel; shale and
lignite grains; and sendy blue clay---- 28 196
Fort Union Formation:
Clay, sandy, gray-==e-sscmecccemmmcccee-- 1k 210
156-86-16aad
Test hole 1421
Glacial drift:
5011, blackre-crmmccnncc e e ——— 1l 1
Till, clayey, sandy, yellow; fine gravel,
oxidizeduvecccancamc e n———— 12 13
Till, sandy, mottled yellowish-gray; fine
gravel; shale and lignite fragments,
oxidizede~~memcccccnc e e — - 19 32
Till, sandy, gray; minor smounts of fine
gravel; shale pebbles and lignite
fragmentsececcrcracccncacrnnvancncenaas 73 105

18



TABLE 2.--Logs of test holes =-- Continued

156-86-16daa
Test hole 1420
Geologic
unit Material Thickness Depth
(feet) (feet)
Glacial drift:
So0il, blacKe-=sm=mmesomcemmcmeme—————————— L L
Till, clayey, sandy, yellow to brown;
and gravel pebbles, oxidizedw~-w-=w===- 9 13
Till, clayey, gray; gravel and shale
pebbles; some lignite fragments-------- 71 8l
Till, clayey, gray; large amount of med-
ium to coarse gravel and some pebbles;
shale pebbles; some lignite fragments-- 21 105
Till, clayey, gray; fine gravel; shale
pebbles; and lignite fragments----==---- 69 17h
Fort Union Formation:
Clay, sandy; large amount of lignite
fragments—=-scemmmececmcccmcacaccaee——- L.5 178.5
156-86-21baa
Test hole 1417
Glacial drift:
So0il, black---r=-emmcccmccccnccimnnncana- 2 2
Till, clayey, yellowish-gray; and fine
Eravel-mmemcmmeccccenecac e e ———— - 12 14
Till, clayey, gray; fine to medium gravel;
and some lignite----cecececcmmmcamacaa" 185 199
Fort Union Formation:
Clay, silty, light-gray---==-ssceccccccan 11 210
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TABLE 2.--Logs of test holes -- Continued

156-86-21dbb
Test hole 1k09
Geologice
unit Material Thickness Depth
- (f=et) (feet)
Glacial drift:
Soil, black-=mecmemmmccm e 3 3
Till, clayey, vellow; and a small amount
of gravel, slightly oxidized--wm=s==~= 19 22
Till, clayey, gray; shale pebbles; and
e small amount Of gravele=e-cmemeec—ee- 156 178
Till, clayey, gray; shale pebbles; small
amount of gravel; and sand---=--e--=--= 23 201
Fort Union Formation:
Clay, silty, gray=----scs-cccacammanmaax 9 210
156-86-21ad4a
Test hole 1423
Glacial drift:
S0il, black-~--w-mcccmc e e 3 3
Till, clayey, yellow; fine gravel,
0xidized-memmmmmmmmcm e —— e 8 11
Till, clayey, sandy, grey; minor amount
of fine gravel; shale and lignite
fragmentg-reeemmmm e e 2L 35
Sand, coarse; and granule gravel--s~ewe-- 2 37
Till, clayey, sandy, gray; minor amount
of fine gravel; shale and lignite
fragments-r-~memeemcmcnccncccameeemn——— 68 105
Till, clayey, sandy, gray; large amount
of coarse sand and granule gravel
increasing with depth; shale and
lignite fragmentsewmeccccccmmeccccncaa 52 157
Fort Union Formation:
Lignite=-ecmemmcmeac e e e 12 169
Clay, sandy to silty, gray; lignite----- 51.5 220.5
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TABLE 2.--Logs of test holes -- Continued

156-86-25aaa
Test hole 1hll

Geologic
unit Material

Glacial arift:
Soil, silty, blacker-ce~mrcecvemcmnanceax
Till, clayey, yellowish-gray; and fine
to medium gravel---ccwcrermcmcnarencna-
Till, clayey, gray; and fine to medium

Till, clayey, gray; and gravel contain-
ing cobbleS-~wccmecnnccnncnnnnmncencma=
Till, clayey, gray; end fine to medium

Fort Union Formation:
Clay, sandy, gray; and a few granules of

156-86-26bbb
Test hole 1L19

Glacial drift:
Soil, black---ceccrrcmncocnccnccncnnnnnn
Till, clayey, yellowish-gray--=e=== wm——
Till, clayey, gray; fine to medium
gravel; and lignite fragmentse~e=c-ce-
Fort Union Formation:
Clay, silty, light-gray, variably cal-
COrEQUB~= mr e~ e cmrr s ma e r e e ———

156-86-29abb
Test hole 1410
Glacial drift:
Soil, blacke-eemeccccmmccncccccccencean
Till, clayey, yellow; and fine gravel--=
Till, clayey, gray; and fine to medium

Fort Union Formation:

Silt, sandy, light-gray; and some lig-
nite particlegs--eccceccnmcncccccacnaa -

21

Thickness Depth
(feet) (feet)
2 2
20 22
103 125
37 162
17 179
15 194
16 210
2 2
31 33
160 193

6.5 199.5

3 3

9 12
159 171

Ts5 178.5



TABLE 2.--Logs of test holes -- Continued

156-86-3kbbe
Test hole 1422

Geologic
unit Material Thickness  Depth
(feet) (feet)
Glacial drift:
80il, blacke=memrmecmcccrcaccnm e n e 2 2
Till, clayey, grayish-yellow; fine gravel 10 12
Till, clayey, gray; fine to medium gravel;
lignite fragments in lower portion----- 93 105
156-86-3kcece
Test hole 141L
Glacial drift:
B50il, blacke=mmccrecccnnn e m e — e e o 2 2
Till, clayey, yellowish-gray; fine
gravel-emeeec-cscccmmr e m e c e e e m e 19 21
Till, clayey, gray; fine to coarse
gravel; lignite fragments from 7l to
125 feetecmmmmmemcmammnccac e n——e 10k 125
Gravel, fine, silty; abundant lignite
fragnents-ememmememeemcccenomccem e ——— 21 146
Till, clayey, gray; coarse sand and fine
gravel; lignite fragments------e=sce-ee 34 180
Fort Union Formation:
Clay, sandy, gray-----=--s-e---cccseseae- 9 189



Geologic
unit

Glacial drift:

TABLE 2.--Logs of test holes -~ Continued

156-87-21ccc
Test hole 1h2h

Fort Union Formation:

Glacisl drift:

Material Thickness Depth
) - (feet) (feet)
S0il, blackemems=scmecmmomnonmesenaneoe== L 1
Ti1l, clayey, brownish-gray; fine gravel- 18 19
Till, clayey, gray; fine gravel; shale

pebbles; and lignite fragments------=-- 29 48
Sand, fine to mediuMe-==-mc-e--wcmmmmcan- 2 50
Till, clayey, silty, gray; fine to medium

gravel; shale pebbles; and lignite

FrOgNeNtS —=emmmmmmmmm——— o e e - - 38 88
Sand, fine to coarse; large amount of

shale pebbles; lignite fragmentge=------ L8 136
Till, clayey, light-brownish-gray; minor

amount of fine gravel and coarse sand

grains; shale pebbles; a few lignite

fragments, slightly oxidized--=-====--- L3 179
Clay, silty, light-gray--s--==s=eeceaeom- 10 189

156-87-21444
Test hole 151k

Soil, black---=esmemcammccanmccmcnmnnan=" 2 2
Gravel, fine to medium; and abundant

medium to coarse sand----~cmme--mcocem-- 11 13
Till, clayey, gray; and fine to medium

Eravele--meemmmeemmcccms e o c— e 8 21
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TABLE 2.--Logs of test holes -~ Continued

156—87-23ddc
Test hole 1hl2

Geoclogic
unit _Material Thickness Depth

(feet) (feet)

Glacial drift:

S0il, black--=c=cecmmmnmccncccnecmone e 2 2
Till, clayey, yellowish-gray; and fine

to coarse gravele-~wesmcmececoscconconae 13 15
Till, clayey, gray; fine to coarse

ErBVEl--mmmmcememmmmmmesem— e e em——————— 258 273
Till, clayey, gray; fine to coarse

gravel; and some lignite~--=-==-s-e-c-- 29 302

Boulder at 302 feet.

156-87-28aa23
Test hole 1413

Glacial drift:

Soil, sandy, blacke-ereecmceamcnmaacacacs 3 3
Gravel, fine to medium=---e-====-- emmm———— 12 15
Till, clayey, gray; fine gravel; and

some shale and lignite pebbles--=====-= 18 63

2h



TABLE 3.--Chemical

Geologic source: D, Glacial drift; Tft, Tongue River Member cf
the Fort Union Formation

(Results in parts per

Q N ~~
3 CEH [i}] ~~
5 § 3 H ~ 3 &8 = 2 -
= © =] g 8 'cl'3 vl 8 ~ r(;
g ; . 3 w3z 8 & &g S §B <
e o o & ¥ cv ® H g ol
2 ; ® 8% 20 f 4 2 [
@ ) —~4 Q ~ P 4 94 [} 13} g &
: : ¢ 32 ¥ §F 2 2 4 8 2
= S o Ao a = (] 8 3 2 e
156-85
3laad?2 Joe Neshem Tft 9-24-56 233 L6 ... .8 0] 32 T80
156-86
10ccb  Francis Bruels p(?) 9-23-58 180 Wk ... L.k 0 18 8o
16cdd  Jobn Allhouse D 9-24-58 T 50  sex 5.0 153 260 18
olcaal Berthold School Tft 9- 7-54 277  «o  «es 2.5 6  aes nessss
21dcb City of Berthold Tft 1958 BID  wm  mas .9 0 32 930
2ldeb ee30suse TPt 2- 5-63 570 47 5.8 .9 6 0 1,010
156-87
21ddd  Test hole 1514 D 14-29-59 21 ee eee 16 136 1h6 8
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analyses of ground water

Analyses by State Laboratories, Bismarck, N. Dak.

million, except as indicated)

o & &
(@]
O — o [ &) ISR ]
0 3] [} =3 0
2 - g F 3oz D LA I
— o o Q () =) (@] (o] 0} 3 o O
& L, &2 - = & - &g 5 & 03
5 § & . 8 8 F B ZZ 82 . 335
- 2 g 5 1 v B o - @ o o HN
@ pr B N 3 o £ 8 @ 4 3 o o
5 L 5 5 3 & ht 8 5 8008 B8e =
B4 /M c> 0 0 Fry = /M e =] 04 n 3 ad 3
6.0 1,200 136 59 163 1.6 .38 3 1,950 32 92 3,000 8.6
6.5 508 43k 775 ho 2.0 .78 .3 2,33 18 oh 3,580 9.5
3.0 309 0 153 0 D sEws A 632 413 3 972 8.0
858 163 912 11 ces  eses  ees 2,580 32 .. 3,970 8.4
5.8 1,350 261 36 372 T .65 2 2,430 32 9k 3,730 8.5
9.0 1,900 48 0 390 1.3 .50 Jd 2,610 17 99 3,910 8.2
b0 207 0 62 16 .5 6.66 O 386 282 2 8.2
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