Ground Water In The Crosby-Mohall Area, North Dakota

By
G. A. LaRocque, Jr., H. A. Swenson,
and ‘D. W. Greenman

NORTH DAKOTA GROUND-WATER STUDIES NO. 54

| Prepared by the U.S. Geological Survey as a part of the program

of the Department of the Interior for the development of the

Missouri River Basin

Published by
NORTH DAKOTA STATE WATER CONSERVATION COMMISSION
1301 State Capitol, Bismarck,’ North Dakota

k 1963

/' HYDROLOGIC CYCLE ) R XA
& RAIN CLOUDS ’é \ S

&

b Ak
CLOUD FORMATION 2)

| ‘ L s e e it (4
I w 4LLJNG
PRECIPITATION \ Fgm
/ FROM FROM
FROM SOIL STREAMS vsezm‘nou

SURFACE

OFFING,
INF ILTRAT |ON -BHL.
S\%u\%\

Cc 2 < 5> iy D
o e (25 .; =4 :

]
\J’}
4

*BUY NORTH DAKOTA MODUCTS"



P it N 0 R T H D A K 0 T A
ANCIENT CHA o D ¥ o T o y S
l “1 MISSOURT Rlygg‘- af ‘:“ i TS ‘{i-y ¢ PEMBILIER DAM._~
DI v BoweELLS o/ t‘:,"uoum_ B8 \ﬁ" B/AN ! D BO:T::‘\‘D + CAVAL LE R g l
\. "] v ‘] K"v» ..,‘,,If ‘ e
o _n L\ T A\ A 'i' NER] \ I
=X o ' 6‘ ] [; | x’w 'H q Y . \ l
—_— i L. l »\ Y - S
F £ 2, ganoo

OSTANLEY '
FORDVILLE

W e B ERcE:! ! RAMSEY RES. =,

L ,J y
™\ viLS LAI&(CA’M iy

—t
L write For
)
")
S
3
L]
E 3
£
)

OUNTRAIL

Limssazw« r—NELSON 1/3
\suro;o TRENTORE

s oux IRRIGAT IO
McC

GARRISON DA, %‘ AN

& RESERVOIR RES. "

STANTD

P, *
( Y ) -‘-—‘7
c,v‘ ﬂ‘ L Manwing \ ,./ 1
g 'ly | ‘9’32,”5”0 e / F T CLARK UNiT \.. '
Ry urn:,u/ssoup/ i | NTER e ;
GOLDENI RIVER s PROU R o N qsLow- B qu
u.a LiNGS AMIFE RIVER PROY, OL'VERP° ¥ i
B T ucoonn T i Lasser or— Sl /BURLENGH | K 1DDER| STUT
| f , (DICKINSON , SOUARE BUTTE umir NGY BUNT CRERN uNIT | g7
v i T w=ay i & 7
VA H MANDAN (A B
I Bt ’( [ s TaRr K%, |
, X L ._MORT 0 NgZ

HEAR? BUTTE DAM

N
<;nmw7-‘!!b

r—.-—_ﬁ-—_

,—;\\ .-.s- ’TTINGER |

3 AMIDON - -2 !
]
; S LOPE ! & morT I/?m Gson Rrver

> _BuLiouBUTTE DM | MOTT DAM wwlRY camnonBaLL PIVER

—wm — g Ve PROVECT ) }

e gowMaN oo GANNONBALL AES. o OME RE.

1SBOWMA N ' 5 i L f%?uwro

p,
X N oowdaw-BueP AW r”*’”””‘”" S O F1 vated -4E | ",;.H OESH
45 Sy | . TTINGER e W yoNa LvIT H ¥
-—-h/-ﬁ- - e CEPAR RbER PR i |

NORTH DAKOTA STATE WATER CONSERVATION COMMISSION

WATER RESOURCES DEVELOPMENT PLAN

7\
I PROPOSED CANALS
| S /

§ LANDS UNDER IRRIGATION

AREAS CONSIDERED IRRIGABLE
et
- AREAS BEING INVESTIGATED L

UNDER CONSTRUCTION
OR PROPOSED

GARRISON DIVERSION CONSERVANCY
EXISTING DISTRICT BOUNDARY

OAM 8 RESERVO!IR SITES

[////77/F GROUNDWATER AQUIFERS
PROPOSED FOR INVESTIGATION

GRAFTON

Gov. William L. Guy

CHAIRMAN
OSCAR LUNSETH
VICE CHAIRMAN

MILO W. HOISVEEN
SECRETAAY AND STATE EMGMELR
RICHARD P. GALLAGHER
MATH DAHL
WILLIAM W. CORWIN
EINAR H. DAHL
HENRY J. STEINBERGER




GROUND WATER IN THE CROSBY-MOHALL AREA, NORTH DAKOTA

By
G. A. LaRocque, Jr., H. A. Swenson,
and D. W. Greenman

North Dakota Ground=Water Studies No. 5k

Prepared by the U.S. Geological Survey as a part of the program
of the Department of the Interior for the development of the
Missouri River Basin

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

1963



Plate 1.

Figure 1.

2.

10.

ILLUSTRATIO NS

Map showing location of flowing wells in a part
of the Crosby-Mohall ares, North Dakota-------
Map showing the area described in this report---
Well-numbering system----emeecmmmcmmcacmcccana-
Map of Crosby-Mohall area showing average annual
precipitation in inches, 1907-L5--ceecmcaacan-
Annual precipitation at five stations in North
Dakota, 1875-1950-~ceccccarmcrmmmanancaaaaaa——
Annual precipitation frequency at Bismarck, N. D.
Graph showing cumulative departure from the
expected annual precipitation, smoothed by 5-
year moving averages, at five stations in
North Dakota, 1875-1950=-==-=ccmcccmccmcmanon-
Logarithmic plot of water-level drawdown in
observation well 50 feet from pumped well
157-75-31ca, McHenry County-----=-cc-ccmmca-n-
Logaritmic plot of water-level drawdown in
observation well 7.75 feet from pumped well
158-7T7-35ade, McHenry COUnty-=======m=menen=nx
Logarithmic plot of water-level drawdown in
observation well 5 feet from pumped well
162-90-10cbe, Burke County-—-mermemccscccsarnna
Map of the Flaxton test area, Burke County, N.

Dak., showing the configuration of the water

11

11

2h

25

25

25



Figure 1ll.

12.

13.

1k,

15.

JLLUSTRATIONS -~ Continued

Map showing location of gaging stations along

the Souris River-~-ec-ceecmcmcccmcnccccccccans

Graphs showing downstream increase in base

flow of the Souris River, annual precipitation

and average depth to water in areas adjacent

to the

riverececmecmamm e cc v ——-

Graphic representation of analyses of water

from wells tapping the Fort Union Formation--

Relation

between chloride concentrations and

specific conductance of water from wells

tapping bedrock in the Crosby-Mohall area----

Increase

water with distance from outerop of Cannonball

Member

of chloride concentration in ground

Page

33

33

32

38

Lo



CONTENTS

AbStracCte-rmmmemmreemmcccccmemmsscemmm e o — s eme—————————
Introductioneeeememmececccccemcmmcnme—mm e — e e e— -
Purpose and scope of the investigation--=-----====---
Well-numbering systeme=-==ce-ccmcomcmeammmencooonamn=
GeOgraphy==-==mmeemememmmemee—— e oo ammmmmm—aeooses e
Location and extent of areg--===mem=-c—ccececmomao—co==
Agriculture and economic development----=--=-=-=-=-====

Physiography=-=s==eeememecmmceccecmmmceeme o e m =

Previous investigationg--===-c--csemeccanmmcocmremn=
Summery of stratigraphy----e=-==s-=ms-c-sseeeocamoocas
Hydrologic properties of the glacial depositg-----=======-
Occurrence of ground water--=-=---esc--ecmeceamoomomoae—=-
Bedrcck aquifers-s=cescmceseammmeoccccmmmmnmnam—sonaa
Unconsolidated aquiferse-=---cmcce-cmeeemmmccoconmas
Discharge of ground water into the Souris River-----------

Relation of chemical character of ground water to geologic

BOULCE == e i e o e e e e
Water-bearing formations older than Fort Union-------
Fort Union Formation---=-meecemcccnecccmmnnececmneee=exs

Cannonbsall Member--secemcwnecesmercnmeenmnenem—==
Ludlow and Tongue River Members undifferentiated
Cannonball and Tongue River Members-------------
Deposits of Quaternary Age-~-see-meceocccccaccccmananax

Page

® o ®m =N & P

.10
11
13
13
i1
22
26
26
28
33

3k
36
36
a
b1
k5
k5



CONTENTS -~ Continued

Page
Relation of quality of irrigation water to leaching
regquirements-ceracmccnmmmenamcnomt . ca . s en s s ————— 48
Effect of irrigation on subsurface drainage----=-=--=--ec- 50
Conclusion==ememm e ccm e cccecce e e ma———— 51
Selected references~---—cmmmmecececccmccccacccnmac e ——— sh
TABLES
Table 1. Distribution of wells and test holes by geologic
formation, depth, and county in the Crosby-
Mohall area. Detailed well records are given
by LaRocque, Swenson, and Greemman (1963,
0 i -4 T ORGSR —— 6
2. Opecific conductance of water from wells used
in aguifer testgew—mcnccmcmccc e 24
3. Chemical analyses of water from the Souris
River near Verendrye, McHenry County--e-~=-=-=- 3

L. Hardness of water in the Ludlow and Tongue

River Members undifferentiated---=-emewecececaan L2



GROUND WATER IN THE CROSBY-MOHALL AREA, NORTH DAKOTA

By
G. A, LaRocque, Jr., H. A. Swenson,
and D. W. Greenman

ABSTRACT

The Fort Union Formation of Tertiary (Paleocene) age is the
principal bedrock aquifer in the Souris River drainage basin in
North Dakota. The lower part of the formation consists of two
members, which probably intertongue, the nommarine Ludlow and the
marine Cannonball. The Ludlow underlies the western and central
parts of the area, and the Cannonball underlies much of the
eastern part. The upper part of the Fort Union is the nonmarine
Tongue River Member, which completely covers the Ludlow and much
of the Cannonball. Wells tapping the Fort Union may derive water
from nommarine strata only, from both nonmarine and marine strata,
or from marine strata only.

The composition of water from the Cannonball Member is similar
to that of ccean water although its average mineral content is
only one-tenth as great. The water is used for watering livestock
but generally is too salty for humen consumption. Two types
of water are present in the nonmarine members, one a hard calcium
sulfate water and the other a soft sodium bicarbonate water; the

hard water is obtained more commonly from the shallow wells and the



soft water from deep wells.. Although both types are suitable for
most domestic purposes, the water from the deeper wells is less
palatable and contains more fluoride than is considered desirable
in drinking water, in some parts of the area. None of the water
from the Fort Union is suitable for irrigation.

Except near the outcrop of the Fort Union, the water in the
formation is under artesian pressure. In some places artesian
or gas pressure is sufficient to cause water to flow from wells.

Most of the wells that were not drilled deep enough to enter
the Fort Union Formation derive water from lenses and stringers
of sand and gravel in the glacial drift. Some wells tap bodies
of sand and gravel that are exposed at the lend surface. The
water in the deposits of Quaternary age is éxtremely variable in
chemical quality. The least mineralized is that in the valley fill
of the Souris and Des Lacs Rivers, in the glacial outwash deposits
in the surficial melt-water channels, in surficial ice-contact
deposits, and in the sediments deposited in ancient Lake Souris.
The most mineralized is that derived from glacial till. The water
generally is very hard and commonly contains sulfate as the prin-
cipal constituent.

Recharge to the unconsolidated deposits underlying the report
area is almost wholly from snowmelt and rain. Under the natural

hydrologic regimen, in the area underlain by glacial drift, it is



pelieved that about 60 to TO percent of the recharge is from water
thet accumulaetes in numerous surface depressions, and about 30 to
40 percent is from the direct infiltration of avaeilable surface
moisture on the upland areas tributary to the depressions. The
greatest percentage of recharge is through the undrained depressions.
Many of the undrained depressions, plus the drained depressions,
account for about 70 to 80 percent of the natural ground-water
discharge from the glacial drift. In these sinks, ground water

is largely discharged through evapotranspiration. Irrigated

areas may become waterlogged because the application of additional
water to the surface will augment recharge. In the depressions,
additional recharge will occur from (1) runoff from excessive
applications of irrigation water; and (2) water-wastage caused

by untimely and unevoidable deliveries of irrigation water in
excess of immediate demands. In the upland areas, & significant
quantity of additional recharge will occur from (1) precipitation,
after soil-moisture requirements are satisfied by irrigation water,
and (2) irrigation water in excess of crop requirements and soil-
moisture deficiencies. Open-ditch or tile drains probably will

be en uneconomical means for the prevention of widespread water-
logging in areas underlain by glacial drift. However, if runoff to
the depressions were to be intercepted by a system of shallow drains
and conducted to surface drainage courses, total recharge to ground
water probably could be kept within the natural capacity of the

land to drain itself.



INTRODUCTION

Purpose and scope of the investigation

The investigation .upon which this report is based was made
between September 1945 and September 1951 by the U.S. Geological
Survey as part of the program of the Department of the Interior
for the development of the water resources of the Missourl River
basin. According to the original plan for development, & dam was
+to be constructed on Big Muddy Creek, a tributary of the Missouri
River in northeastern Montana, and the water stored in the reservoir
created by the dam was to be used for irrigating several areas in
North Dakota (U.S. Congress, 1944). The largest of these proposed
areas, sometimes called the Crosby-Mohall area, is described in
this report. The area is almost wholly in the drainage basin
of the Souris River in North Dakota, which is outside the Missouri
River drainege basin. (See fig. 1.) Under the original plan for
development, about a million acres in the report area was to be
jrrigated. Funds for completion of the investigation and for publica-
tion of the results were exhausted in 1953. In an effort to reduce
the publication costs, this report has been modified slightly and
some illustrations and tables have been removed.

The purpose of the investigation was to collect and interpret
bvasic data concerning the occurrence and movement of ground water
and to determine measures whereby waterlogging, an anticipated

result of recharge by infiltrating irrigation water, could be prevented.
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The investigation included a study of rock formations, the occur-
rence of ground water in them, and the chemical character of the
water. This report is an interpretation of basic data included

in en open-file companion report (LaRocque, Swenson, and Greenmen,
1963) available for inspection at the Water Resources Division
offices of the U.S. Geological Survey in North Dakota and Denver,
Colorado, &end in the office of the North Dakota State Water Con-
servation Commission in Biemarck, N. Dek. The field work included
an inventory of about 6,700 wells, summerized in table 1, the
periodic measurement of the water level in about 570 wells, the
contracted drilling of 92 test holes and collection of lithologile
information on an additional 122 wells and test holes, the col-
jection of about 2,000 semples of ground water for chemical analysis,
and a detailed study of occurrence of shallow ground water in &

test area 3 miles square near Flaxton in Burke County (figs. 1, 10).
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TABLE 1.--Distribution of wells and test holes by geologlic formationm,

depth, and county, Crosby-Mohall area

(Deteiled well records are given by LaRocque, Swenson, and Greemman, 1963, table 2.)
Bottineau Burke Divide McHenry Renville Ward Total
Depth of wells
Geologic source (Range, in feet) $1 % g é g .§ § ,§ .Eq g E .g .§ é % §
é g g £ [ 8 | 8 g g g
& 9 ] & &
Undifferentiated 0 - % 16 5.3 26.9 13.7 1 0.7 8 4.0 'Ry 97
50 - 100 62 25.9 53.3 L5.1 24 17.7 L 6.0 25.9 214
100 - 150 76 51.2 63.7 61.8 67 65.2 6 9.0 38.5 211
150 - 200 62 71.8 80.8 T2.5 35 90.1 Y 10.9 58.0 183
200 - 250 19 78.1 86.3 75.5 6 9.3 T 1h.b 66.8 63
#More than 250 66 100 100 100 8 100 172 100 100 364
81 B ... 86 Ls5
Total 382 175 287 2587
Quaternary
Glacial drift 0 -5 522 78.3 75+3 .9 767  80.7 ju2h 90.6 76.3 P,837
50 - 100 126 97.2 87.3 92.8 175 99.1 32 97.4 95.1 571
100-- 150 9 98.5 91.9 93.8 6 99.7 1 97.6 97.5 60
150 - 200 6 97.4 35 98.1 95.9 2 99.9 L 98.5 99.2 64
200 - 250 13 99.9 7 99.3 96.9 1 100 3 99.1 99.k 18
ore than 250 1 100 k 100 100 ¢ 100 4 100 100 22
Unknown 82 4o 100 eeees 122 439
Total 49 606 1,051 590 ., 011
Tertiary
Fort Union Pormation 0 - 100 0 0 64 28.1 7 9.3 2 L.9 0 o 10.6 8k
Indlow snd Tongue River 100 = 150 0 [o] 37 Lk.3 16 30.7 20 53.7 0o o] 27.9 91
Members, mndifferentisted 150 - 200 1 4.3 50 66.2 6 38.7 15 90.2 3 L.5 4y 2 92
200 - 300 5 85.7 53 89.5 20 65.3 3 97.6 a2 37.9 15.0 135
300 - koO 1 100 16 96.5 | 20 92.0 1 100 28 80.3 92.3 8u
ore than 40O 0 100 8 100 6 100 0 100 13 100 100 35
Unknown 1 8 0 0 s 5 30
Total 8 236 75 41 71 551
Composite Tongue River-
Cannonball Members 0 - 100 o 0 0 0 0 0 1 2.9 1 2.9 o] 0 2
100 - 150 0 0 0 0 o 0 15 47,1 0 2.9 1 3.2 16
150 - 200 1 10.0 0 0 0 0 10 76.5 1 5.9 5 19.h 17
200 - 300 6 T70.0 0 0 o] 0 8 100 6 23.5 5 35.5 25
300 - 40O 3 100 0 0 0 0 0 100 5 38.2 15 83.9 23
#ﬂore than 40O 0 100 1 100 0 0 0 100 21 100 5 100 27
Unknown 0 0 o O sases 10 1 11
Total 10 1 0 3h uy 32 121
Cannonball Member 0 - 100 0 o} 0 0 0 0 L 5.0 0 o 0 0 b
100 - 150 0 0 o] 0 0 0 18 27.5 o] (o] 1 1.k 19
150 - 200 Y 5.5 0 0 0 0 32 67.5 5 3.3 13 19.2 54
200 - 300 25 39.7 0 0 0 0 22 95.0 23 18.3 29 58.9 99
300 - koo 37 50.7 o] o] 0 o] L 100 56 sh.9 18 83.6 115
Pore than 400 7 100 (o] 0 0 0 0 100 69 100 12 100 88
Unknown 8  .ea. 0 e 0 R b e L3 e 1 o 56
Total 81 0 0 84 196 Th 435
Total inventoried 1,230 1,111 549 1,385 1,188 6,705




The Flaxtcn test area was gselected by the U.S. Bureau of Reclamation
and the U.S. Geological Survey for study of drainage problems because it
was conaidered to be representative of the soil type end topography of
that part of the report area west of the Des Lacs River. Small-diemeter
observation wells, ranging in depth from 10 to 26 feet, were installed
on the section lines at intervals of a quarter of a mile and one well
was installed at the center of each section {fig. lO).E/ Measurements
of the water lavel in these 97 wells were made periodically and water
samples for analysis were collected from many of them both in October

1/
1949 and in July 1950.

1/ Basic data for Flaxton test area given in tebles 3, 4, 7, end 8 of

the companion open-file report (LaRocque, Swenson, and Greenman, 1963).

Well-numbering system

The well-numbers used in this report show the location of wells
according to the U.S, Bureau of Land Manegement's survey of the aresa.
The first numeral of a well number indicates the township, the second the
range, and the third the section in which the well is located. The lower-
cased letters following the section number show the position of the well
within the section. The first letter indicates the quarter section, the
second the querter-quarter section, and the third the quarter-quarter-
quarter section (10-ecre tract). The letters are assigned in a counter-
clockwise direction, beginning in the northeast quarter of the section,
quarter section, or quarter-quarter section. Where two or more wells are
located in the same tract, they are distinguished by serial numbers, be -

ginning with 1, added after the lowercased letters. (See fig. 2.)

7
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GEOGRAPHY
Location and extent of area

The area described in this report is in northwestern North Dakota
adjacent to the Canadian boundary. It is wholly north of the L4L8th par-
allel of latitude and is between 100025' and 103030' west longitude.
The area contains about 4,300 square miles, is about 130 miles long
in a southeast-northwest direction, and ranges in width from 15 to 65
miles. It comprises all of Renville County and parts of Bottineau,

Burke, Divide, McHenry, and Ward Counties. (See fig. 1.)
Agricultural and economic development

The agricultural economy of the area was established and developed
when the precipitation was above average. By 1920 most of the area had
been divided into homesteads of 160 acres. During the subsequent pro-
longed period of drcught, many homesteads were sold or relinquished and
the population decreased to about one-fourth of its earlier total. Mean-
while, many homesteads were consolidated into larger holdings, some con-
sisting of several thousand acres. Since 1940, with the aid of labor-
saving machinery and several years of good crops, farming again has
become profitable.

Most of the area is dry farmed. Much of the sandy land in the south-
eastern part of the area and some of the rough and stony land elsewhere in
the area is used for pasture. Meadowlands in shallow valleys and in the
valleys of the Des Lacs and Souris Rivers are used either for grazing or

for growing forage. Wheat and flax are the principal crops. Dairying

8



and the raising of beef cattle, hogs, sheep, turkeys, and chickens are
other importent sources of farm incone.

Minot, which is in the valley of the Souris River near the south
border of the area, is the principal city and has a population of ebout
20,000. No other town in the area hes & population greater than 2,000.
Tovns of more than 500 are Bowbells, Columbus, Crosby, Kenmare, Mohall,
Noonan, Portal, Towner, and Velva (fig. 2). These and several smaller
towns are supply points for the farmers and shipping points for grain
and livestock.

Lignite is mined extensively. Several large strip mines are in
operation near Noonan and Columbus in the western part of the area and
near Velva in the southeastern part. The overburden is as much as
100 feet thick in some of the mines, but more generally it is less than
50 feet thick. Gravel from deposits in the Souris River valley was
used for concrete aggregate in the construction of Garrison Dem in-
central North Dakota.

Most of the roads in the area are on section lines. A few have been
hard surfaced or graveled, and many of the dirt roads have been graded.
The latter dry quickly after summer rains but are muddy esnd rutted in
the thawing period during March and April.

Every point within the report area is within about 15 miles of the
mein or a branch line of either the Great Northern Railway or the Minne-
apolis, St. Paul and Sault Ste. Marie Railroad. The main lines of both

railroads pass through Minot.



Physiogrephy

The report area is in the northwestern part of the Western lake
section of the Central Lowland physiographic province (Fenneman, 1931)
and lies almost wholly within the drainage basin of the Souris River,
which is known locally by its English equivalent, Mouse River. The Souris
River rises in Canada, flows southeastward across the boundary of the
United States into North Dakota, and at the town of Velva, McHenry County,
veers northeastward for about 35 miles and thence flows northwestward
back into Canada. Within North Dakota the Souris River drains about
9,250 square miles. Its largest tributary, the Des Lac River, also flows
southeastward from Canada snd drains the central part of the report area.
Another tributary, the Deep River, drains most of the Souris loop, which
is the part of North Dakota enclosed by the Souris River.

The report area is an eastward-sloping, gently undulating plein,
which has beer relatively unchanged by erosion since the melting of the
last great ice sheet. It is dissected by the deep, narrow valleys of the
Souris and Des Lacs Rivers and their principal tributaries, by the abandoned
channels of ice-marginal streams, and by the shallow channels of streams
that flowed off the melting ice sheet. Except in the eastern part of the
ares, which was once covered by ancient Lake Souris, oval or circular
depressions called kettles are common. Most of these depressions, generally
about 5 to 10 feet deep and about 100 to 300 yards across, were formed by
the melting of residusl blocks of ice that were wholly or partly buried in
the glacial deposits. The altitude of the land surface ranges from nearly
2,300 feet at the west border to ebout 1,420 feet along the Souris River

at the east border of the area.
10



Climate

The climate of northwestern North Dakota is rigorous. The winters
are characterized by strong winds, extremely low temperatures, and little
snowfall. Summer rains are frequent but are of short duration, and storms
of cloudburst proportion are not uncommon. Preqipitation is uniform (see

figs. 3 and 4) and, as in many other semiarid areas, the annual total

varies widely -- from about 4O to about 200 percent of the average. These
extreme departures generally are the result of wide variations in the fre-
quency and intensity of rainstorms. Because the arithmetic average of the
annual precipitation recorded at a given station gives too much weight to
infrequent extreme departures from average, the expected annual precipitation
based on frequency of occurrence also was calculated. (See fig. 5.) The
emounts of annual precipitation calculated by both methods checked closely.
The arithmetic average of the annual precipitation at Bismarck for the
period 1875-1947 was 16.34 inches, and the expected annual precipitation,
based on frequency of occurrence, was 16.02 inches.

The cumulative departure from expected annual precipitation at Bis-
marck for the period 1875-1950 and the average cumulative departure from
the average of the expected precipitations at Crosby, Bottineau, Minot,

snd Mohell for ©i period 1905-50 are shown in figure 6. Both curves bave

11
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been smoothed by using 5-year moving averages. The rising parts of the
curves indicate that actual precipitation exceeded the expected precip-
itation, end the declining parts indicate the opposite. Although many
references are made to the drought of the 1930's, inspection of the graph
shows that the drought period in this area actually began about 1916 and
continued with but slight breesk until 19%0.

Because the surficial earth materials do not freely transmit water
downward to the zone of saturation, snd because such a large part of the
precipitation generally comes from storms of relatively short duration
rather than from several successive days of rainfall, increases in the
amount of ground water in storage in this area probably are not related
directly to the amount of precipitation. Instead, the amount of rise and
the duration of the period of rise in ground-water levels are governed
largely by how much water collects in the undrained depressions during
the period of snowmelt and spring rains and how long before all the water
either sinks into the ground or is evaporated.

The aversge growing season in the report area is about 110 days. In
general, about T7 percent of the annusl average precipitation falls during
the growing season, and about 50 percent falls during May, June, and July.
As the economy of the region is related closely to the wheat crop, a suc-
cession of dry years is disastrous to the prosperity of the whole area and

affects the entire population.
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GEOLOGY
Previous investigations

Simpson (1929), in a report on the geology and ground-water resources
of North Dakota, gave much information on ground water in the report area.
The glacial deposits 1n the western part of the area were described by
Alden (1932), and a somewhat more detailed geologic description, as well
as information on the water supply in the western part of the area, was
presented in en unpublished report (Alpha, A. G., 1935, Geology and ground-
water resources of Burke, Divide, Mountrail, and Williams Counties in North
Dakota: North Dakota Univ. M.S. thesis)., Geologic information for much
of the report area is included in a comprehensive report on the Souris
River area by Lemke (1960) and in published quadrangle maps by Townsend
(1954e, b, ¢). Beveral reports of the North Dakota Geological Survey
(Avbott end Voedisch, 1938; Akin, 1947, 1951; Laird, 1941; and Simpson,
1932, 1935, 1937) contain well logs end other detailed information.

The principal deposits of lignite have been described in reports
by Andrews (1939), Brant (1953), Leonard and others (1925), and Lemke
(1960). A report on land use and erosion in the vicinity of Minot was

maede by Holoweychuck and Boatright (1938).
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Summary of stratigrephy

Only rocks above the top of the Pierre Shale of Late Cretaceous age
are described in this report because drilling for water below this horizon
ig considered to be infeasible. The Pierre is overlain, in escending
order, by the Late Cretaceous Fox Hills Sandstone and Hell Creek Formation,
the Fort Union Formatioﬁ of Tertiary age and glecial and alluvial deposits
of Quaternary age. The principal water-bearing formations are the Tertiary
Fort Union Formation and the Quaternary glacial deposits.

The Pierre Shale, & marine deposit, underlies the entire area and
probebly nowhere in the area ig 1ts thickness less than 1,000 feet. The
log of the J. H. Kline well 1, in sec. 16, T. 157 N., R. 85 W., shows it
to be 1,200 feet thick and to consist of gray clay that contains bentonite
and ironstone (Lemke, 1960, p. 11-19). The Pierre is too fine grained to
transmit significant quantities of water to wells, and the little water
it might yield probably would be too highly mineralized for use (Simpson,
1929, p. 39). Northeast of a line roughly paralleling and 2 to 8 miles
southwest of the Souris River in northern McHenry County and in Bottineau
County, the top of the Pierre is within about 35 to 50 feet of the land
surface. West and southwest of that line it 1s progressively deeper and
at the west end of the area it is estimated to be 1,500 feet or more be-
low the land surface.

Except in the 2 to 8 mile wide band along the northeast border of
the area, the Pierre is overlain by the Fox Hills Sandstone, also of Late
Cretaceous age. If the sandstone cropping out along the valley wall of

the Souris River near Verendrye in McHenry County has been correctly
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identified, the Fox Hills is the oldest formation exposed in the report
area. Because the outcropping sandstone contains both marine fossils
and remains of land plants, the Fox Hills in this part of the area is
believed to have been deposited close to the shoreline of a sea. Little
is known of its lithology and thickness in the report area because 80
few holes have been drilled into or through it. Cuttings from the J. H.
Kline well 1, in which the Fox Hills was 235 feet thick, show it to be
composed of gray shale, siltstone, and fine-grained sandstone. The for-
mation thins until it losés its identity along the northeastern limit of
its extent, and, judging from measured thicknesses in northeastern Mon-
tane (Swenson, 1955, p. 37), it is probably no more than 50 feet thick
at the western end of the report area. It probably would yield small
quantities of water to wells, but no wells in the area are known to be
sufficiently deep to tap it.

The Hell Creek Formation, the youngest formation of Late Cretaceous
Age in the area, is believed to overlie the Fox Hills Sandstone through-
out the western part of the report area and the southwestern half of the
Souris loop. According to Lemke (1960, p. 24, 26), the Hell Creek pos-
sibly crops out in the valley wall of the Souris River near Verendrye.
The log of the J. H. Kline well 1 shows it to be 235 feet thick and to
consist of gray fine-grained sandstone, gray siltstone and mudstone, gray
silty shale, and greenish-gray silty bentonite. Like the Fox Hills Send-
stone, it thins to a zero thickness along the northeastern limit of its
extent. Swenson (1955, p. 38) estimates a thickness of 130 to 150 feet
for the Hell Creek in northeastern Montana and the thickness of this

formation at the western end of the report area is assumed to be about
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the seme or possibly a little greater. The Hell Creek is a source of
water supply in eastern Montana and, if tapped, probably would yield
water to wells in the report area also.

Except for the exposure of Late Cretaceous rocks near Verendrye, the
Fort Union Formation of Tertiary (Paleocene) ége is the only bedrock ex-
posed in the report area. As shown on plate 2, bedrock crops out in meny
places along the Des Lacs River south from central T. 161 N., R. 88 Ww.,
to its conflusnce with the Souris River, and thence along the Souris
River to the southeastern part of T. 154 N., R. T9 W. It also crops
out in many places in eastern Divide County and western Burke County.
The Fort Union is an eastward-thinning wedge that extends beyond the
eastern 1imit of the Hell Creek Formation but not as far as the eastern
limit of the Fox Hills Sandstone. The Fort Union lies unconformably on
the underlyirg Cretaceous rocks which had been gently warped and beveled
by erosion before the Fort Union was deposited.

The Fort Union has been subdivided into three members -- the Cannon-
ball, which is marine, and the Ludlow and Tongue River Members, which
are continental. The Cannonball and Ludlow Members compose the basal
part of the formation. They were deposited contemporaneously, at least
in part -- the Cannonball in a shallow sea and the Ludlow on & broad
plain bordering that sea. During Cannonball time the sea advanced from
the east and submerged the eastern part of the area. Because the ancilent
sea probably advanced and receded several times before it finally with-
drew completely, the sediments of the Cannonball and Ludlow Members are
assumed to intertongue in the report area in the same manner as they do

where exposed in the south+«central part of North Deskota. The nenbers
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have not been mapped in the subsurface, but on the basis of chemical
analysis of water from many wells drilled into bedrock, it is believed
that the westernmost advance of the Cannonball sea was to a line almost
coinciding with the course of the Des Lacs River. After the final re-
treat of the sea, deposition of continental deposits extended over the
entire area snd continued uninterrupted throughout Tongue River time,
which lasted to the end of the Paleocene Epoch.

The Cannonball Member is exposed on the walls of the Souris River
valley from a point about midway between Minot and Velva to a point
about 9 miles downstream from Velva. The Cannonball is well exposed
about 2 miles upstream from Velva in the SWi sec. 16, T. 153 N., R. 80 W.,
where the Souris River has undercut a 4O-foot bluff of grayish-black
sandy shale. In most exposures the Cannonball is composed mainly of
alternating thin beds of tan to brown sand and sandy shale. Small
gypsum (selenite) crystals are moderately abundant, and a few fairly
round, carbcnate-rich concretions are present along some bedding planes.

The Ludlow Member is not exposed in the report area but underlies the
western and central parts. Numerous wells have been drilled into it.
Where the Ludlow Member is exposed in the valley of the Missouri River
near Bismarck, N. Dak., it consists of gray to brown fine-grained sand
interbedded with brown to black lignitic shale. The sand commonly 1§
silty to shaly and is crossbedded.

The Tongzue River Member consists of generally light-colored inter-
bedded shal=z, clay, siltstone, sendstone, sand, and lignite beds. The
sediments were deposited in large part in swamps, legoons, and shallow

lakes. The position and size of the shallow bodies of water gradually
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shifted and changed during the sccumulation of the sediments, causing
the resulting layers to be disconnected and uneven in thickness. Lush
vegetation grew in swamps and shallow lagoons, and, in places, accumu-
lations of organic matter were buried by subsequent sedimentary deposits.
By the end of the Paleocene Epoch, the aggregate thickness of these sed-
iments was about 1,000 feet in the western part of the area but may have
been somewhat less in the eastern part. The Tongue River Member crops
out in many places in the western part of the area and here and there
along the valley walls of the Des Lacs River and along the valley of the
Souris River between Burlington and Velva.

Because the nonmarine members have not been differentiated in the
subsurface, and also because they appafently share similar hydrologic
characteristics, they are treated in this report as a single hydrologic
unit, the Ludlow and Tongue River Members undifferentiated.

Between the end of the Paleocene and the beginning of the last glac-
iation of the Pleistocene Epoch the Fort Union Formation was gently warped.
Erosion removed much of the sediments of the Tongue River Member or the
area within the Souris loop and produced & badlands topography in part if
not throughout the entire area. The general configuration of the bedrock
surface thus produced is shown on plate 1.

During the Pleistocene Epoch glaciers moved southward over the area
at least three times and possibly four. The glaciers were heavily laden
with rock fragments which had been picked up and transported by the ice
as it advanced. Each successive advance of ice tended to smooth the
terraln by filling the valleys and sbrading the hills. When the margin

of the glacier melted northward, the rock debris that had been transported
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T_qjthin'the'ice*was left as a mantle on the surface overridden by the-ice.
'fﬁlso,‘the melt water flowing out from and along the ice front deposited..
glacial debris in a network of channels. The frequent changes in the

ice front ceused old melt-water channels to be abandoned and new ones

to be formed. Turbulent streams flowing from the ice, or in crevasses

or esker streams, washed coarse rock meterial. into mounds and ridges.

At its highest level, Lake Souris, which was formed in front of the ice
margin during the retreat of the last ice sheet, inundated the east

half of the Souris loop. The present ground suyrface is essentially as
the ice and melt water left it. |

The glecial deposits consist chiefly of ground and end moraine but
also include ice-contact, outwash, and glacial lake deposits. Test
drilling has revealed that the thickness of the glacial deposits ranges
from less than a foot near bedrock outcrops to at least 520 feet where
they fill a valley in the bedrock surface near Crosby, in Divide County.
(See pl. 1, this report, and LaRocque, Swenson, and Greenman, 1963,
table 3.)

Ground moraine is not only the most widespread exposed deposit in
the report area but in most places underlies all the other exposed glacial
deposits. It consists mainly of till, which is a nearly impervious
mixture of clay, silt, sand, pebbles, and boulders. Its surface is a
gently undulating plain pockmarked by numerous undrained saucer-shaped
depressions, or kettles, many of which contain water. In some of the
depressions, slopewash and windblown material have been deposited to a
thickness of several feet. Rising above the general surface of the mo-
ralne are hummocky areas of recessional moraines, consisting of till inter-

mixed with ice-contact deposits of silt, sand, and gravel. The finer-grained
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portion of the till was derived in part from the underlying bedrock.
The pebbles and boulders, however, are fragments of stratified, meta-
morphic, and igneous rock transported from Canadien sources. On drying,
the more clayey till cracks into vertical blocks having & pronounced
prismatic structure.

Outwash from the wasting glacier not only carved a complex network
of channels into the surface of the ground moraine but partially filled
the channels with marly clay, silt, sand, and gravel. In the broader
channels the thickness of these deposits is as much as 15 feet, but in
the narrower channels it generally is less than 5 feet. Although fairly
permeable, vertical and lateral drainage from these deposits is usually
poor because the underlying and surrounding ground moraine 1s nearly
impervious. The thin alluvial deposits in the Des Lacs and Souris River
valleys are underlain by glacial outwash deposits which extend to a
depth of as much as 150 feet in some places. As part of a study of
ground water in the Mohall area (Akin, 1951), several test holes were
drilled through the valley fill in the Souris River valley as well as
in the nearby melt-water channels. The logs of these test holes are
included in table 3 (LaRocque, Swenson, and Greenman, 1963). Glacial
outwash depcsits form terrace remnants along the valley walls.

The ice-contact deposits consist for the most part of kames, eskers,
and crevasse fillings. Kames are mounds of poorly sorted silt, sand,
and gravel carried by glacial melt water and deposited in holes in-the
glacier or in re-entrants at the ice margin. A few of the kames stand
as much as LO feet above the surrounding plain. The eskers are narrow,

sinuous ridges of material deposited by streams in the ice or at the
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base of the ice; crevasse fillings were deposited in cracks in the ice.
Although, in general, the ice-contact deposits are moderately to highly
permeable, they commonly are easily drained except where they are so
thin that the underlying ground moraine is close to the surface.

The lake sediments underlying the flat plain that is a part of the
bed of ancient Lake Souris consist of well-sorted clay, silt, sand, and
fine gravel and range in thickness from O to about 30 feet. In general,
the deposits are coarsely textured in the southern half of the Souris
loop and along the western shoreline of the lake. Deltaic deposits
radiate from the points where streams of melt water entered the lake;
these deposits grade laterally into the more typical lake deposits. In
general, much of the area underlain by lake sediments is presently poorly
drained, but is drainable.

Except for the deposits of sand, silt, and clay of Recent age, which
form the valley floor of the Souris River and its larger tributaries,
the deposits of Quaternary age are late Wisconsin. It is not known
how much of the total thickness of unconsolidated deposits should be
attributed to the Wisconsin stage of glaciation, but it is believed
that possibly some of the buried layers of till and lenses of stratified
silt, sand, and gravel penetrated in the drilling of wells and test holes
may be associated with earlier glacial advances.

All available evidence indicates that the buried lenses and stringers
of stratified silt, sand, and gravel are scattered throughout the mass
of unconsolidated deposits without apparent system of orientation and
that few, if any, are of more than local extent. Consequently, drilling
a well in the hope of tapping one or more such layers within the zone of

saturation generally is a "hit-or-miss" proposition.
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The larges streams in the report area have deposited elluvium in
their valleys. The alluvium consists of fairly well sorted send, silt,
and clay, and cannot be readily distinguished from the glacial outwash
deposits that underlie it in most places, although generally it is
finer grained.

Windblown sand has accumulated in several places in the report
area. Most dunes are of local extent, but several areas of dune sand
are feirly large.

HYDROLOGIC PROPERTIES OF THE GLACTAL DEPOSITS

The hydrologic properties of the glacial deposits at 7 sites within
the report area were determined by aquifer tests. Six of the tests
were made as part of this investigation and one was made by consultants
engaged by the thermoelectric plant at Voltaire. The results of the
seven tests are summarized below. The specific conductance of water
samples collected from the pumped wells during four of the tests is
summarized in table 2, and the complete chemical analyses are given in

LaRocque, Swenson, and Greenmsn (1963, table 5).
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Results of aquifer tests

Pumped Thickness Coefficient Coefficient of Coefficient
well of of transmissibility of
aquifer storage (gallons per day permeability
(feet) per foot) (gallons per
day per

square foot)

Lake deposits

157-75-31ca cens 0.16 75,000 e
(McHenry County)

158-77-35ada Ei .09 2,000 110
(McHenry County)

159-80-35bbb 18.9 0.0003 10 0.5
(McHenry County)

162-90-10cbe 12.8 .01 25 2.0
(Burke County)

163-80-19444. 16.5 Wil 60 3.5
(Bottineau County)

163-84-6ad k.5 .003 8 5
(Renville County)

Outwash deposits

153-79-3lca 1/ 67 0.15 13,000 650
(McHenry County)

1/ Data obtained from thermoelectric plant at Voltaire.
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TABLE 2.--Specific conductance of water from wells used in

aquifer tests
Depth to Specific con-
: Depth water in ductance of
Well number of Date of Time pumped well pumped water
well collection (feet below (micromhos at
(feet) lend surface) 25° C)

9:20 a.m. cenns 615

158-77-35ada 27 8 -7-51 12:00 m S5TT
4:00 p.m. - 627 a/

11:30 a.m. 8.00 1,230

159-80-35bbb 25  8-16-51 2:50 p.m. 15.40 1,300

4:10 p.m. 16.65 1,340

9:15 a.m. 9.5 13,900

10:10 a.m. 10.5 13,900

162-90-10cbe 22.5 8-28-51 11:20 a.m. 13.5 15,800

1:50 p.m. 16.5 18,000

2:50 p.m. 20.75 18,400

8' 1’51 7:00 pomo 13!90 10,100

163-84-6ad 22 8- 2-51 12:30 aam.b/ 13.35 11,100

8- 2-51  3:05 a.m. 15.25 10,800

a/ Aquifer being recharged with water
b/ Pumping stopped 9:25 p.m., sterted

from pumped well.
10:15 p.m. (8-1-51).

The coefficients of trensmissibility and storage were computed from

the test date by the nonequilibrium method of Theis (1935), and the co-

efficients of permeability were obtained by dividing the coefficient of

transmissitility by the thickness of the aquifer, in feet.

The plot of s (drawdown) versus g?/g (where r = distance of observation

well from pumped well, in feet, and t - time, in deys) for the test in

which well 157-75-3lca was pumped is shown in figure 7.

Because the

data curve matched the well-function type curve almost perfectly, the

computed results are considered to be reliable.

-
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During the later part of the test on well 158-77-35ada, the aquifer
was rechargsd by water discharged from the pumped well. Accordingly,
plotted data for that part of the test deviated from the type curve
and the deviations when plotted, matched the type curve. (See rig. 8.)
The coefficients computed from both curves are nearly equal.

Of the tests made on wells tapping the ground moraine, only the
test on well 162-90-10cbe gave data that in part could be matched
directly with the type curve. (See fig. 9.) As the coefficients com-
puted from the matched curves could not be checked by plotting deviation
curves, the coefficients are not considered to be mathematically pre-
cise. They are believed, however, to be of the correct order of mag-
nitude.

No part of the plotted data from the other tests on wells tapping
the ground moraine could be matched with the type curve, and it was
assumed, therefore, that all the water-level data collected during the
tests reflected local boundary conditions.

The coefficients of transmissibility and storage of the valley fill
of the Souris River were determined st several points in and near Minot
(Akin, 1947). The weighted average of all values for the coefficient of
transmissibility was 250,000 gpd per foot, and the weighted average co-
efficient of storage was 0.0003L.

The concentrations of dissolved salts in the water were higher at
the end of four of the aquifer tests than at the start. (See LaRocque,
Swenson, and Greenmen, 1963, table L4.) However, the only significant
increase was in water from well 162-90-10cbe, in which the principal

increases in concentration were in sodium, magnesium, and sulfate.
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OCCURRENCE OF GROUND WATER

Bedrock aquifers

The bedrock aquifers in the report area are recharged in part by
underflow from the south and southwest. Where overlain by unconsol-
idated deposits of Quaternary age, the pedrock aquifers are recharged
also by water percolating downward through the mantling sediments, and,
where they crop out, they are recharged by infiltrating precipitation.
Some water is withdresm by pumping within the area or is discharged
by seepage into adjacent deposits of Quaternary ege. The remainder
leaves the area by underflow to the north and northeast.

Less then one-fourth the total number of wells in the area tap bed-
rock. The water is yielded by sandstone strata or lignite beds; water
from the lignite beds commonly has the color of weak tea. The towns
of Ambrose, Crosby, Noonen, Columbus, Flaxton, Bowbells, Sherwood, and
Norwich obtain all or part of their municipal supply from wells drilled
into bedrock.

In some parts of the area, the water in the bedrock is under suf-
ficient artesian or gas pressure to flow from wells; elsewhere the water
level in wells is higher than the producing zone but lower than the land
surface. The water level in the nonflowing wells tapping bedrock
fluctustes only slightly and the highest levels during the year generally
are recorded in the summer.

During the period 1911-21, Simpson (1929) collected data on the
flowing wells in the Souris River drainage basin. The locations of

those wells, most of which either no longer flow or are not now in
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existence, are shown on plate 1 of this report. <Also shown on the’
same plate are the locations of the wells that were flowing in the
period 1945-50.

Many more wells flowed in the Sherwood-Westhope-Glenburn area at
the time of Simpson's study than in the 1945-50 period. The flow from
wells in this part of the Souris River drainage basin is due principally
to the rise of gas in the wells, and for this reason the wells are termed
"gas lifts.” Generally the flow is of a jetting or sputtering char-
acter.

The flew from wells elsewhere in the Souris River drainage basin
is caused mainly by artesian pressure. Except along the Des Lacs River
between Kenmare and Carpio, & comparison of the locations of flowing
wells in the two periods of study indicates no appreciable decrease
in the areas of artesian flow. The reason for the lack of flowing wells
in the 1945-50 period along the Des Lacs River between Kenmare and Carpio
is not known.

Several of the flowing wells in the vicinity of Crosby tap glacial

deposits thet fill a buried bedrock valley.
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Unconsolidated aquifers

More then 75 percent of the wells in the report area tep the un-
consolidated deposits of Quaternary age. Recharge to these deposits
is almost entirely from snowmelt and rain. In the area underlain by
glacial drift, about 60 to 70 percent of the recharge 1s estimated to
come from water that sccumulates in the numerous depressions. Water
in these depressions is discharged by evaporation or by slow percol-
ation down through the fine-grained sediments lining them. At times
water penetrates the soil zone of the upland, areas tributary to the
central parts of the depressions. A part of the water passing through
the soil zcne eventually reaches the zone of saturation. The molsture
content and. transmitting capacity of the soil during periods when water
is available are two of the factors that govern the amount of water that
will infiltrate beyond the reach of plant roots. The amount of water
passing to the zone of saturation undoubtedly is small in comparison
with the amount of water per unit area that seeps through the floors
of the depressions. However, the gross area of the uplands is large in
comparison with the gross area of the floors of the depressions. Influent
seepage from streams and possible inflow from bedrock aquifers are sources
of recharge only locally. The water not withdrawn from the unconsolidated
deposits by pumping from wells is discharged by flow from springs, by
seepage into surface drainage courses, by flow into contiguous deposits,
and by evapotranspiration. Although a large part of the recharge in the
area occurs through the undrained depressions when they contain excess

water from precipitation and runoff, during dry seasons, these same un-
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drained depressiuns coriec., ground-water discharge from the
glacial drift and act as centers of discharge. About TO to
80 percent of the natural ground-water discharge from the
glacial drift is estimated to be lost by evapotranspiration
and runoff from the undrained and drained depressions.

In the ares once covered by ancient Lake Souris, a
great many shallow wells tap the sediments that were de-
posited in the lake. Such wells are far more numerous in the
southern part of the lake area and in the deltaic deposits
along its western margin. In the northern part of the lake
area most of the wells have been drilled through the lake
sediments, which here are principally clay, into under-
lying aquifers. The water in the lake sediments moves
eastward toward the Souris River, and recharge into the
glaclal outwash deposits and Recent aluvium in the valley
of the Souris River.

Because the glacial outwash that underlies the valley
floor of the Souris and Des Lacs Rivers is moderately to
highly permeable and is amply recharged by inflow from
adjacent strata and by infiltrating river water and snow-

melt, it is a source of plentiful ground-water supply.
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The municipal-supply wells of Minot (Akin, 1947), Velva, and Towner
tap the deposits in the Souris River valley, and many stock and do-
mestic wells tap the deposits in both valleys. The ground water
moves down the valley within the valley fill.

The terrace deposits along the Souris and Des Lacs Rivers, which
also are composed principally of glacial outwash, are above river
level and infiltrating snowmelt and precipitation are two of the
sources of recharge to them. They store only & small amount of
water because the water discharges freely through springs and seeps
along the terrace edges. Most of the springs are intermittent, but
8 few are perennial and flow as much as 2 to 3 gallons per minute.

Although gererally thin, the glacial outwash deposits that
partly fill the surficisl melt-water channels on the upland are
moderately permeable and yield sufficient water for stock and
domestic use. The municipal-supply wells of Mohall tap glacial
outwash derosits in Spring Coulee near its junction with the valley
of West Cut Bank Creek northeast of town (Akin, 1951), and the
well of the thermoelectric plant at Voltaire taps glacial outwash
deposits in the channel that heads at Velva. Although some of
the water in the melt-water-chennel deposits may seep into under-
lying and adjacent deposits, the greater part by far moves down
the axis of the channels, and that not withdrawn through wells,
consumed by vegetation, or evaporated is discharged into one of
the surface drainage courses. Many wells that tap the deposits
in the surficial channels in the upland feil during prolonged

droughts.
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Tce-contact deposits and récessioﬁal moraines collect and store
water from rainfall and snowmelt and are reliable sources of supply
where they extend below the general level of the upland plain. Some
water is lost from these deposits by evapotranspiration and by
seepage into the underlying fine-grained materials. Lateral move-
ment of water from these deposits probably is negligible except
where their zone of saturation extends above the level of surround-
ing land, providing sufficient hesd for outward movement.

Buried within the mass of glacial deposits other than lake
sediments and valley fill are innumerable lenses and stringers
of silt, sand, and gravel. Many of these are within the ground
moraine (of which there probably are two or more sheets), and
some are outwash deposits in melt-water channels now buried be-
neath till. Individually, meny of the lenses and stringers of
silt, sand, end gravel are only locally insignificant waterbearing
bodies. Put they are numerous, and have a high degree of hydraulic

interconnection, and as a group, they are a dependable and significant



source of water for stock and domestic use. Hundreds of stock and domes-
tic wells in the report area tap one or more of these permeable lenses
and stringers. When water is withdrawn from them they are recharged by
water draining from surrounding glacial deposits; hence, the supply from
the wells tapping them generally is dependable although the yield ordin-
arily is small.

An area 3 miles square near Flaxton, Burke County, was selected as
the site of & detailed study of the occurrence of ground water in ground
moraine. Of ¢7 shallow test holes, drilled to an average depth of about
21 feet, 56 penetrated at least one layer of sand and several penetrated
more than one layer. (See LaRocque, Swenson, and Greemman, 1963, table L.)
The available evidence suggests that although the sand lenses are dis-
continuous, they are sufficiently numerous to provide a good degree of
hydraulic continuity. Nearly all the test holes were drilled several
feet into the zone of saturation and all were cased for use as water-
level observation wells. The water-level measurements made in these
wells are listed in table 2 of LaRocque, Swenson, and Greenman (1963).
The sltitude of the water level in 51 of the wells in the fall of 1949
is shown in figure 10 by contour lines. At the time the water levels
were measured, a water ssmple was collected for chemical enalysis from
each of the 51 wells, and 83 samples were collected for chemical analysis
in July 1950. The results of these analyses are given in tables 7 and 8
of hydrologic data compiled in LaRocque, Swenson, end Greenman (1963).

The geolcgic and hydrologic data collected in the Flaxton test area
indicate that the direction of water movement in the ground moraine is
devious. In the upper part of the zone of saturation, apparently, water
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principally moves vertically rather than laterally. In unpunped areas;
depression contours, such as those in the hachured areas in figure 13, can
be sccounted for by: (1) a local high rate of evapotranspiration; (2) a
Jocal high rate of lateral and vertical movement of water to adjacent or
underlying lenses; and (3) a local low rate of recharge. Vertical movement
is substantiated in part by the irregular configuration of the water table;
if the principal component of movement was lateral, the water table should
be smoother. Lateral movement, however, occurs at depth, as is evidenced
by the fairly prompt decline of the water level in shallow wells after

a period of significant recharge. In places, ground water may move down-
ward until it reaches a bedrock layer that is sufficiently permeable to
trensmit water laterally. In general, then, water not withdrawn from the
ground moraine by pumped wells, vegetation, or evaporation moves downward
until it enters laterally transmitting strata, either within or under-
lying the ground moraine, or until it reaches a layer so nearly imper-
meable that further movement can only be in a lateral direction.

Water in the deeply buried lenses of permeable material generally is
under artesian pressure. Although seversl of the wells tapping the thick
glacial deposits in the vieinity of Crosby and flowing wells, the water
levels in most srtesian wells are below the land surface and may be
either above or below the unconfined water table in the immediate vicinity.

The Recent deposits of alluvium and dune sand generally are above
the regional water table and therefore usually are not a source of water.
However, because they are fairly permeable, they readily absorb precip-
jtation and snowmelt and transmit the water downward to the regional

zone of saturation.
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Figure 13.-- Graphic representation of analyses of water from
wells tapping the Fort Union Formation.




DISCHARGE OF GROUND WATER INTO THE SOURIS RIVER

Thg progressive downstream increase in the base flow of the Souris
River is due to the inflow of ground water. By taking into account the
amount of water I lowing past the six gaging stations alon% the river
(fig. ll),i/the measured tributary inflow into the river, the amount of
precipitation on génd of evaporation from the river, the changzs in the
amount of water in the river channel or stored behind the dams, and the
amount of evapotranspiration from the bottom-land areas?/it was possible
to make estimates of the increment to the base flow of the river in the
five stretches between successive gaging stations. Estimates could be
made for only the period June through August because unmeasured tribu-
tary inflow then was negligible. The estimates for that period in the
years 1946 through 1950 are shown graphically in figure 12.

An attempt was made to correlate the amount of ground-water discharge
into the various stretches of the Souris River with the average late-

summer position of the water level in wells in the vicinity of those

stretches. However, no direct correlation was apparent.

l/ U.S. Geol. Survey Water-Supply Pepers 1055, 1085, 1115, 1145, 1175.
g/ U.S. Weather Bureau Climatological Data for period 1946-50.

3/ Computed from data collected by U.S. Weather Bureau at Mandan and
Riverdale, N. Dak.

E/ Unpublished records collected by U.S. Geological Survey, Bismarck,
N. Dak.

5/ Computed from tables prepared by Lee (1942).
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Figure 1l --Map showing location of gaging stations along the Souris River.
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The estimates indicate that ground-weter inflow to the Souris River
per unit length of river is least in the stretch between Minot and
Verendrye, somewhat greater upstream from Minot, and considerably greater
downstream from Verendrye. The stretch downstream from Verendrye drains
ground water from almost the entire Souris loop. Ground water discharges
into the river only when the water table adjacent to the river slopes
toward the river. When the river level is the same as that of the water
table adjacent tc the river, no significant interchange of water occurs,
end when the river level is higher than that of the water table, river
water recharges the adjoining and underlying sediments.

Chemical analyses of water from the Souris River show that the concen-
tration of dissolved minerals may be less than 200 ppm (parts per million)
in the spring when the flow consists largely of surface runoff. In late
summer or fall, however, when the flow consists almost wholly of ground-

water discharge, the concentration is much greater and may exceed 900 ppm.

(See table 3.)

RELATION OF CHEMICAL CHARACTER OF GROUND WATER TO GEOLOGIC SOURCE

Nearly all the minerals in the rocks of the earth's crust are soluble
to some degree in water, especially in water containing dissolved carbon
dioxide. While infiltrating to and then percolating laterally within the
zone of saturation, water partly dissolves the minerals with which it
comes in contact, and the minerals thus dissolved mey remain in the water,
may be precipitated, or may take part in chemical reactions with other
minerals in the rocks. The extent to which water is mineralized and the

kinds of mineral constituents present determine its suitability for human
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consumption and domestic use, as well as for stock watering, irrigation,
and many industriel processes.

The palatabllity of a drinking water is largely & matter of per-
sonal opinion. Persons who have become accustomed to drinking water
that contains more than 1,000 ppm of dissolved solids generally con-
sider water of low mineral content to be flat tasting. Small amounts
of iron or manganese or excessive amounts of magnesium, sulfate, or
chloride may impart an objectionable taste to water.

The U.S. Public Health Service (1946) has established standards
for drinking water on common carriers engaged in interstate traffic.
These standards are generally accepted as a basis for evaluating the
quality of drinking-water supplies. Listed below are the recommended

maximum concentrations of certain constituents specified in the stan-

dards.
Maximum parts

Constituent per nillion
Iron and menganese together =---mec-e--- 0.3
Magnesiuflie~=~-sccmcomm e e 125
Sulfate-smcecomccnanccacnorcrcmec e —ona 250
Chloridewmwcmecmcemcncmcccccncccnmnm———— 250
Fluorideewemeccencanccacccccrccnncnmeneen~ 1+5
Dissolved s50lidS-m~mcmmccmcmmamanx cmmmee 500 a/

a/ 1,000 ppm may be permitted if water of better quality is not
availeble.

Much of the ground water in the report area, including some used
for public supply, contains concentrations of minerals in excess of

one or more of the above limits.
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The hardness of a water is an important factor in evaluating the
water for uses other then drinking. Calcium and magnesium, which cause
most of the hardness of water, cause the formation of scale in hot-water
pipes and boilers. Many water-treatment plants in the United States
reduce the hardness of the water to about 80 ppm.

About 2,000 samples of ground water were collected for chemical
analysis during this investigation. (See LaRocque, Swenson, and Green-
man, 1963, tables 5-8,) The altitude of the bottom of each well was
compared with the altitude of the bedrock at the well site to determine
vhether & given well was obtaining water principally from deposits of

Quaternary Age or from the underlying bedrock. (See pl. 1.)

Waterbearing formations older than Fort Union

Only three deep wells in T. 162 N., R. 87 W. tap deposits older
than the Fort Union Formation. Samples of water from these wells could
not be distinguished by their chemical characteristics from samples
known to come from Tertiary rocks and the wells are considered to derive

water princlpally from the Tertiary rocks.

Fort Union Formation

In the northeastern part of the Souris ioop, all the wells drilled
into bedrock probably tap the Cannonball Member of the Fort Union For-
mation. In the remsinder of the area, east of the Des Lacs River, bed-
rock wells tap either the Tongue River Member alone or both the Cannon-

ball and Tongue River Members. West of the Des Lacs River, all wells

drilled into bedrock tap the Ludlow and Tongue River Members undifferent-
iated. 36



Sodium and chloride are the principal mineral constituents in water
from the Cannonball Member; sodium, bicarbonate, and sulfate are the
principal mineral constituents in water from Ludlow and Tongue River
Members. (See fig. 13.) Chloride exceeds 800 ppm in all samples from
wells known to tap the Cannonball alone and is less than 40O ppm in all
samples from wells known to tap the Ludlow and Tongue River Members un-
differentiated. Water from wells deriving part of their water from the
Cannonball and the remainder from the Ludlow and Tongue River undiffer-
entiated is characterized by sodium, bicarbonate, and chloride; the
concentration of chloride ranges from about the maximum in water from
the Ludlow and Tongue River Members to the minimum in water from the
Cannonball Member. The maximum, average, and minimum specific conduct-
ance (a measure of the electrolytes in water and, therefore, an indi-
cation of the nineral concentration) and for the concentration of chloride

in all samples from bedrock aquifers are as follows:

- Ludlow snd
Cannonbell - Tongue River
Cannonball Tongue Members
Member River. undifferentiated
Specific conductence (442 samples) (133 samples) (432 samples)
(micromhos per
centimeter at 25°C):
Maximume-ewocomaemeauax 12,800 4,990 6,730
Average-=w--wccemscno-a 5,820 3,480 2,640
Minimumesmeseemconaan- 3,270 2,480 131
Concentration of chloride
(parts per million):
Maximume~=«-vs-coecomaan L,290 795 400
Average--rememccamaaa" 1,680 617 105
Minimume=semeemaaoaaas 805 Lo7 .0



The chloride content of water in the Cannonball Member increases

in direct proportion to the specific conductance, but a similer re-

lationship could not be established for water in the Ludlow and Tongue

River Members. (See fig. 1h.)

The average concentrations of the principal mineral constituents,

expressed below as percentages of the average dissolved solids, illus-

trate further the distinctive differences in the chemiceal character

of water in the Cannonball Member, the Cannonball-Tongue River agnd

the Ludlow arnd Tongue River Members undifferentiated.

Ludlow and

Cannonball ~ Tongue River
Cannonball Tongue Members

Member River undifferentiated

(33 samples) (8 samples) (45 samples)
Silica (Sio2) --------------- 0.3 0.8 0.7
it o B 311 1) (RPN ———— .1 A .2
Calcium (Ca)w=memmecemcacaas 1.0 2.9 1.6
Magnesium. (Mg)-=m=vcmmommeno- .3 .9 .6
Sodium (Ne)-ve--ececcaauam- 37.8 35.0 36.5
Potassiun (K- =wemmmmsmmmmmm - i N

Carbonate (CO3) (includes

bicarbonate’as carbonate)- 8.7 22.5 33.5
Sulfate (S0))-=====mmemmena-- 1.1 L.6 19.2
Chloride (Cl)--eevcccacmacaa 50 .1t 32.3 Tl
Fluoride and nitrate (F + NO3) ol .2 .2
Total 100.0 100.0 100.0

The average concentration .of dissolved solids in the samples of water

from the Cannonball Member was 3,640 ppm; from the Cannonball-Tongue

River, 2,090 ppm; and from the Ludlow and Tongue River Members undiffer-

entiated, 1,790 ppm.
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Cannonball Member

Although the average concentration of dissolved solids in water
from the Cannornball Member (3,6L0 ppm) is only one-tenth that of ocean
water (33,000 to 37,000 ppm), based on analyses of samples collected by
the Challenger Expedition (Dittmar, 1884), the percentage compositions

are similar.

Cannonball
Member Ocean
(33 samples) (77 samples)
Calcium (Ca)-c-mccemcccanananax 1.0 1.2
Magnesium (Mg)-====cmeceeeaaan- .3 3.7
Sodium (Ne)--=mmm=m=mcemcmanna 37.8 30.6
Potassium (K)~-e=em-eemeaaenan- .2 1.1
Carbonate (CO.) (includes bi-
carbonate as carbonate)------ 8.7 -2
Sulfate (sou) ------------------ 1.1 7T
B ondie (L] s s s 50.h _22:3
Totalemmmmmmm e mme o 99.5 99.8

In both ocean water and water from the Cannonball Member, the
percentage of chloride is greater than that of any other constituent.
In ocean water, however, the percentage of sulfate is greater than the
percentage of carbonate, whereas in water from the Cannonball Member,
the reverse is true. In both, the percentage of sodium is greater than
that of the other cations; but unlike the ground water, ocean water has
a gresater percentage of magnesium than calcium. The presence of calcar-
eous material, particularly carbonate-rich concretions, in the Cannonball

Member probably accounts for the prominence of the carbonate and bicar-
bonate in the ground water.
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The Canncnball Member is recharged, in part, by precipitation where
it crops out aslong the Souris River in the southern part of the Souris
loop, and the general direction of ground-water movement within this
member 1s northeast away from the area of outcrop. As a result, the
concentrations of chloride in the water in the Cannonball Member are
lower in the part of the Souris loop nearest the outcrop area. (See
fig. 15.) Also, movement of low-chloride water from other members of the
Fort Union Formation into the Cannonball Member may account for the lower
concentrations of chloride in the water in the Cannonball Member in the
area adjacent to the Cannonball-Tongue River overlap. Higher concen-
trations of chloride characterize water in the Cannonball Member at
points distant from the diluting effects of recharge either from the
Ludlow and Tongue River Members undifferentiated or from precipitation.
| Although, because of its high salt content, water in the Cannonball
Member generally is not considered suitable for human consumption, it
can be used for watering livestock. It is not suitable for irrigation
because of both high percent sodium and high mineral content. (The
percent sodium is the ratio of sodium to the total concentration of
the principal cations-- sodium, potassium, calcium, and magnesium -- all
expressed as chemical equivalents, multiplied by 100.) Water from meny
wells tapping the Cannonball Member in Bottineau and Renville Counties
was charged with natural gas and "bubbled" at the time the samples were

collected.
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Ludlow and Tongue River Members undifferentiated

Water from the Ludlow and Tongue River Members undifferentiated
may be classified conveniently into two distinet types -- & hard
calcium sulfate water, normally obtained from shallow wells, and a
soft sodium bicarbonate water, normally obtained from the deeper wells.
The soft water tastes like a dilute solution of vaking soda and, accord-
ing to & resident of Noonan, "sounds and acts like Seltzer water."

The hardness of the water from 45 wells tapping the nonmarine
beds in the Fort Union is shown in teble 5, together with the depth
of the wells and the approximate tapped thickness of the aquifer.

Wells deeper than about 200 feet yield the softer water. The
average hardness of water from 26 wells, 204 to 426 feet deep, was
48 ppm. Although the shallower wells usually yield hard water, there
are meny exceptions. The following tabulation summarizes the observed
relation of water hardness to well depth in the Ludlow end Tongue River

Members undifferentiated:

Wells more Wells less’
than 200 than 200
Number of wellS-ew=eemeecmcmconacnan 26 19
Renge in bardness, as CaCO3-- ppm- 14-138 22-806
Average hardness, as CaCO3-- ppm-- 48 210
Median hardness, as CaCO3-- ppm -- 38 132
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TABLE 1 .--Hardness of water in the Ludlow and Tongue River Members undifferentiated

Approximate Hardness Approximate Hardness
Well No.  Depth of tapped thick- as CaCO Hell o Depﬂlllc’f tapped thick- as Ca CO
well ness of (parts pér (ge t) ness of (parts pér
(feet) aquifer million) ee aquifer million)
(feet) (feet)
Bottineau County Divide County
159-82-31cb 270 50 13 162-95- Lac 265 215 1
160-82-31cc 265 ‘ 50 oL ) 1hee 122 52 hig
96- 5dcl 320 1h5
Hurke Dounty 163-95-32d4 61 u1 220
161-89- 3dcl ol LL 32L 96-13da 105 ’ 60 303
5ad1 97 62 51 97- 6ecl  26L 28
6da 70 55 36 6dc ah2 17 81
8cb 102 72 403 31be 250 . 38
gbb2 190 155 409 98-17aa 216 o 33
2lda 100 55 33
o6 237 177 L2 McHenry County
90-1lcd 89 h 806 154-80-28dc 318 228 2l
91~ Jaa 59 L9 215 156-79-10aa2  121.0 28 22
162-88-36¢ce 308 253 35 :
89-18ad 200 70 132 Renville County
31lda 270 225 38 158-82- 7ad 345 155 30
91- 3dd2 360 230 23 17eb 250 k5 62
27ac 106 61 L2 84 -28a8 326 76 16
93~ Qabl 100 70 29 159-86-33bc2 185 i b¥ 34
15bdl 80 65 38 161-86- 6bc2  LOO 120 96
163-88-284d 200 o B 58 87- 1lbe 426 171 30
93- 8adal 20k _ 129 38 17bc2 315 140 138
29dd 82.0 17 399 Ward County
32bvd 270 230 20
9l- 6cb 260 185 118 156-23-2263 Egg i-gg 1{2
33eal 0 2 159-07-25d
o s = 160-87-2hbel 280 55 20
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TABLE 3.--Chemical analyses of water from the Sourls River near Verendrye, McHenry County

(Results in parts per million except as indicated)

T Bpecific
Dissolved solids |Eardness es CaCo. &
” | o z - - 3 |Per~|conduct -
Date of s111ca) Tron |carctum], 8™ [aoqsum FoT20" [Ploar=) B0 |Budtate |culortse 0" atrate | Boron oo o s cent| auce | pm
collection|Discharge|(810p)| (Ye)} (Cs) (4g) (M) | (k) J(mco,)|(co,) (80y) (8] r (m3) (B) 08 lner | Calciwm so- |(micro~
(cts) 3 3 o trm seve gnesium [bonate [diumimhos at
& 4 259¢)
1946
July 31... 5423 }eacess|0.05| 63 29 228 520 0 270 k2 0.5 | 6.0 joooos 951 1.29 276 0 64 | 1,370 [8.1
Avg. 2B... 8427 |eccees| #20f TT 38 126 52k 0 134 36 .5 IS T D 95 348 0 bk 950 |8.0
8ept. 20.. 69.1 lesesss] 00| T6 b5 217 k68 30 199 | 143 o 3.0 Jeeoor 963 131 35 o 56 | 1,380 18.3
Octe 21ase 9.9 | 16 Okl 60 30 (100 1% 1358 27 15 2] 7.0 | 0.30 558 «T6 273 () k3 897 |8.6
Nove 20... 8s 13 05| 57 3k 103 8.8| h22 0 126 30 212 .28 614 o 282 o 3 992 |8.0
Apr, 22...] 663 17 02| 0 = 64 282 o ] 12 2 0 A1 A8 W61 198 [} 133 67 |7.3
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of the Tongue River Member in Rosebud County, Mont., that beidellite _/
is the principal mineral that effects the exchange of calcium and
magnesium for sodium. In addition to beidellite, which is plentiful
in the Ludlow and Tongue River Members, other hydrated aluminum sil-
icates, such as kaolin, feldspar, and mica, are capable of exchanging
all or part of their sodium and potassium for other bases. The re-
actions between the hardness-forming salts in the water and the base-

exchange silicates may be expressed as follows:
2NeX + Ca(HCO3)2‘--€§»CaX2 + 2NaHCOg
or
2NaX + MgSOh-—) MgX, + Na5S0),
where X is a base-exchange silicate.

In the report area, ground water from the ILudlow and Tongue River
Members undifferentiated generally is suitable for most domestic pur-
poses. As a rule, however, the water from the deeper wells 1s less
palateble and commonly contains fluoride in excess of the desirable
1limit specified by the U.S. Public Health Service (1946) for drinking
water. Water from the Iudlow and Tongue River Members undifferentiated
is not considered to be suitable for irrigation because of .its generally

high mineral content and high percent sodium.

1/ Renick referred to the material as leverrierite.
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Cannonball and Tongue River Members

In the area where the marine Camnonball is overlain by the non-
marine Tongue River Member (pl. 3), the water yielded by many. of the .
wells drilled into bedrock is intermediate in chemical quality between
water from the Cannonball Member and water from the Ludlow and Tongue
River Members undifferentiated. Where the Cannonball is the principal
aquifer, chloride exceeds bicarbonate or sulfate in the mineral compo-
sition of the water; and where the Ludlow and Tongue River undiffer-
entiated is the principal aquifer, the reverse is true. The concen-
tration of chloride in water from wells drawing from both the marine
and nonmarine members ranges from about 400 to about 800 ppm. Although
water from scme of these wells is used for drinking, it generally con-
tains considerably more chloride than may be palatable in water for
human consumption. Because of its salinity and high percent sodium,

the water 1s also unsuitable for irrigation.
Deposits of Quaternary Age

Most wells tapping the unconsolidated deposits of Quaternary age
have been drilled through both glacial till and stratified fluvial or
lacustrine deposits; the till, however; generally yields little or no
water. Water from the Quaternary deposits is extremely variable in
chemical quality; a sample from well 156-77-2adl contained only 290
ppm of dissolved solids, whereas a sample from well 162-90-1d2d con-
tained 24,400 ppm. However, the data in tables 5 through 8 (LaRocque,
Swenson, and Greenman, 1963) are not exactly comparable because different

methods of analysis were used by the different agencies meking the
k5



analyses. For example, in table 5 (for semples analyzed by the U.S.
Geological Survey) concentrations of dissolved solids below 1,000 ppm
represent residue on evaporation at 180°C and those above 1,000 ppm
represent the sum of determined constituents, whereas in table T and 8
all concentrations of dissolved solids represent residue on evapor-
ation at 110°C. Because the value for the sum of determined constit-
uents includes no water of hydration and because the value for res-
idue on evaporation at 180°¢ includes less water of hydration than
that at 110°C, concentrations of dissolved solids reported in table

5 are lower than those reported for water of similar quality in tables
7 and 8 (LaRocque, Swenson, and Greenman, 1963).

In general, the water yielded by wells tapping only surficial
medium- to ccarse-grained sediments, such as glacial outwash, ice-
contact deposits, and lake deposits, is least mineralized; the water
yielded by wellsvtapping sand and gravel lenses enclosed within
glacial till is somewhat more mineralized, and the water ylelded by
wells tapping only glacial till is highly mineralized. Therefore,
the degree of mineralization of ground water from deposits of Quater-
nary age seemingly is governed largely by the length of time the
water has been in direct contact with glacial till. Water from &
deep well would tend to be more mineralized than that from a shallow
well because it has passed through a greater thickness of glacial
t111 enroute to the permeeble layer, or layers, that transmitted it
to the well. Exceptions to this general rule, such as water from
well 163-97-13cc, 457 feet deep, indicate that in some places even
the deepest water-producing zones in the Ouaternary deposits are

recharged by water that has passed through little or no till or at
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1éast has passed through the:till quickly; or possibly has moved
iaterslly out of the-Fort Uaion Form@tiom.. "™ . - -

Water from wells tapping the Quaternary deposits generally is
extremely hard. The average hardness of 51 samples of water (collected
outside the Flaxton test area) was 591 ppm, and the maximum was
2,350 ppm. Sulfate, a principal mineral constituent in some of the
semples, exceeded 500 ppm in about a third and 1,000 ppm in about a
tenth of the semples. Of the samples of water collected from 51
shallow observation wells in the Flaxton test area, 5 contained more
than 10,000 ppm of sulfate. Although none of the samples from wells
outside the Flaxton test area contained more than 1,000 ppm of sodium,
39 of the 134 samples collected from 87 wells in the Flaxton test
area contained more than 1,000 ppm, and 18 of the 39 contained more
then 2,000 ppm. The maximum concentration of dissolved solids in
the samples collected from wells tapping Quaternary deposits outside
the Flaxton test area was 3,800 ppm, whereas more than half the
samples collected from wells inside the test area contained dissolved
solids in excess of 3,800 ppm and 27 of the 13l samples contained
more than 10,000 ppm. The samples collected in the Flaxton test area
indicate that the water from glacial till generally is much more
highly mineralized than water from the more permeable Quaternary de-
posits. (See LaRocque, Swenson, and Greenman, 1963, tebles 5, 7,
and 8.)

Wells tapping deltaic deposits along the western shoreline of
ancient Lake Souris and those tapping lake sediments in the southern

part of the lake ares yield water that uniformly is only moderately
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mineralized. The water in these deposits obviously had not pre-
viously percolated through glacial till. Wells tapping glacial
deposits underlying the lake beds in the northern part of the lake
area yield water that is much more highly mineralized than that
from wells tepping the lake sediments in the southern part.
RELATION OF QUALITY OF IRRIGATION WATER
TO LEACHING REQUIREMENTS

The chemical character and physical properties of irrigation
water to be applied to the report area cannot be accurately deter-
mined. The diverted irrigation water, regardless of source, will
undergo change in quality during transit because of increased con-
centration of soluble salts by evaporation. Return irrigation flows
will modify further the quality of the supply. Missouri River water
near Willis“on had an average dissolved-solids content in 1950-52 of
about 375 ppm (specific conductance, about 560 micromhos per centl-
meter) according to concentrations weighted with streamflow. If the
irrigation water is assumed to have spproximately this concentration
initially, & twofold increase in mineralization could reasonably be
expected by the time the water reaches the area to be irrigated.

A detailed discussion of leaching requirements in the Souris
River basin is beyond the scope of this report. According to the
U.S. Salinity Leboratory Staff (1954), the leaching requirement is
defined as "the fraction of the irrigation water that must be leached
through the root zone to control soil salinity at any specified level."
This requirement will depend on the degree of mineralization of the

irrigation water and on the maximum permissible concentration in the
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gsoil solution. Under certain assumptions, such as uniform areal
application of irrigation water, no rainfall, no removal of salt in
the harvested crop, no precipitation of soluble salts in the soll,
and steady-state waterflow, the leaching requirement may be expressed
as a fraction or as a percentage from the following equation:

IR = ?EE = Eciw

Diw EEE;—
where

IR is the leaching requirement,

Dgy 1s the depth of the drainage water,

Dy, 1s depth of the irrigation water,

ECyy 18 specific conductance of thé irrigation water,
end

ECdw is specific conductance of the drainage water.

For example, if a field crop can tolerate a salinity (expressed
as specific conductance) of the soil solution of 8,000 micromhos and
the irrigation water has a specific conductance of 800 micromhos,
then

IR *Ciy = 800 = 1/10, or 10 percent

ECa, 8,000

In the above example, 10 percent of the applied irigation water
must be leached through the root zone to control salinity.

Salt tolerances of crops that may be cultivated if irrigation
of the Souris River basin becomes a reality have not been studied by
the authors. The leaching requirement and its relation to quality
of the lrrigation water must be given consideration to insure success-

ful water management in the report area.
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EFFECT OF IRRIGATION ON SUBSURFACE DRAINAGE

If the report area is developed for irrigation, as has been
proposed, irrigation water will become a potential source of addition-
al recharge to the underlying porous earth materisls. Unless total
drainage is improved, some waterlogging may result. The additional
recharge will result not only from the water applied to the crops
but also, and perhaps principally, from the excess irrigation water
that mey accumulate in presently undrained depressions. Leakage from
canals and “rom distribution laterals also will be a source of added
recharge.

In general, waterlogging may be alleviated or prevented by
either one or a combination of: (1) increasing the rate of flow of
water through end from the zone of saturation, or (2) reducing the
quentity of water available for recharge. The report area is not
underlain by squifers sufficiently permeable to conduct water rapidly
enough to prevent waterlogging due to widespread irrigation. One
method for increasing the flow of water through the zone of saturation
is through utilization of open-ditch or tile drains. In general,
dreins to remove excess ground water would need to be deep and closely
spaced becsuse the!soil and ‘subsoil are finé textured and have low’
permeablities. However, the cost per acre for the installation, oper-
ation and maintenance of open-ditch or tile drains would be great, and
the use of these“types of drains probably should depend on the demon-
stration of a favorable cost-benefit ratio. Another method for in-

creasing the rate of flow through the zone of saturation is the lowering
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of water levels in areas of natural discharge. Facilities for the
lowering of water levels would have to be combined with facilities
for reducing the avallability of water for natural recharge also.
The reduction in water available for natural recharge could be
accomplished by means of & system of ditches that would drain the
depressions or intercept runoff from intense rainfall and excessive
or wasteful applications of irrigation water. Lining the canals end
ditches might prove necessary if seepage from them caused mounding
of the water table to such an extent that waterlogging threatened

the adjacent land.

CONCLUSION

Although a tremendous emount of water is stored beneath the land
surface in the report area, large quantities of water can be with-
drawn through wells in only a small part of the area. In all parts
of the ares, however, adequate quantities for livestock and domestic
use can be obtained if wells are drilled sufficlently deep into the
zone of saturation.

Much of the ground water available in the area is so highly
mineralized that its usefulness is limited. Water from the marine
Cannonball Member of the Fort Union Formation, tepped by the deeper
wells in the eastern part of the area, is soft but is so salty that
generally it 1s used only be livestock. Wells tapping the continental
Ludlow and Tongue River Members undifferentiated in the western part
of the area yield elther a soft sodium bicarbonate water or & hard

calcium sulfate water. Both are used for domestic purposes, but the
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soft sodium bicarbonate water is less palatable and commonly contains
more fluoride than is desirable in drinking water. In that part of
the area underlain by both marine and nonmarine bedrock aquifers,
water from wells that tap both is of intermediate chemical quality.
Water from the Quaternary deposits is of extremely variable quality.
In general, water from medium- to coarse-grained surficial deposits
is the least mineralized and that from glacial till is highly min-
eralized.

As the zone of saturation extends to within a.few feet of the
lend surface throughout much of the area, an increase in the amount
of water entering the ground eventually would result in extensive
waterlogging. In the report area, ground-water drains probably
would not bz economically feasible for alleviating or preventing
widespread waterlogging because of a probable unfavorable cost-
to-benefit retio. Therefore, if the area is developed for irrigation,
water should not be allowed to accumulate in depressions and then
sink into the ground, but should be conveyed through ditches as
rapidly as possible out of the area by way of natural drainage

COourses.
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